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Foreword

Frailty is a geriatric syndrome, not a specific disease, that is defined by a number of 
clinical manifestations, including unintentional weight loss, declining strength, and 
low physical activity. It can be recognized by application of several well-established 
and validated scoring systems. It is common among the elderly and very elderly, and 
accounts for substantial morbidity and mortality, especially due to falls and delayed 
recovery from inter-current illnesses. Frailty is a dynamic process, and at the indi-
vidual level, its status can change dramatically over time. Pathophysiologically, 
muscle loss (sarcopenia) and bone fragility (osteopenia) contribute greatly to the 
origins of the syndrome.

While frailty has received great attention in the geriatric literature, it has received 
only scanty and superficial scrutiny by the discipline of nephrology. This deficiency 
has now been corrected by Carlos G. Musso, MD, PhD, and his collaborators by the 
publication of this treatise dedicated to the subject of frailty and kidney disease. The 
14 chapters, each lucidly written by an expert in the field, provide broad coverage 
concerning the impact of frailty in chronic and acute kidney disease, dialysis, and 
transplantation. Many “pearls of wisdom” will be encountered during a thorough 
reading of the text and such moments will undoubtedly contribute to improved man-
agement of this often-neglected syndrome in patients with renal disease.

As chronicled by Shakespeare in As You Like It—the “sixth age of the lean and 
slipper’d pantallon and the shrunk shank” can now be modified by the insertion of 
the “dwindling kidneys.” The Frailty and Kidney Disease monograph is a timely 
and welcome addition to the literature of nephrology. It does not disappoint.

Richard J. Glassock, MD, MACP, FASN
Geffen School of Medicine at UCLA 

Laguna Niguel, CA, USA
December 26, 2019



ix

Preface

Frailty is a condition not merely induced by ageing, but mainly due to a progressive 
and sustained deterioration in the functional reserve of skeletal muscle; nervous, 
endocrine, and immune systems; as well as poor coordination among them. This 
phenomenon leads to an altered homeostatic response, and consequently to an 
increased vulnerability towards stressors.

Frailty prevalence increases steadily with age from 4% in older individuals to 
26% in the oldest old. In this age group, frailty status is tightly related to the geriat-
ric syndromes: delirium, incontinence, gait disorders, falls, and immobility syn-
drome. These are also known as “geriatric giants” due to their high prevalence and 
great impact on geriatric health.

Any form of kidney disease, acute, chronic, or on replacement therapy, consti-
tutes a serious condition and its prevalence also increases with age. Moreover, its 
association with frailty leads to a diverse condition (senescent nephropathy) that has 
worse evolution and prognosis.

In the present book, the state of the art of frailty status and its impact on geriatric 
syndromes as well as the entire spectrum of kidney disease are deeply analyzed with 
the intention of providing a useful guide to daily medical activity.

Buenos Aires, Argentina� Carlos Guido Musso
Buenos Aires, Argentina� José Ricardo Jauregui 
Salamanca, Spain� Juan Florencio Macías-Núñez
Iasi, Romania� Adrian Covic 
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Chapter 1
Frailty Phenotype

Angela Benjumea

A frailty consensus in 2012 defined frailty as follows: “A medical syndrome with 
multiple causes and contributors that is characterized by diminished strength, endur-
ance, and reduced physiologic function that increases an individual’s vulnerability 
for developing increased dependency and/or death” [1]. In addition, frailty is con-
sidered a clinical syndrome, with increased vulnerability, and susceptibility to mini-
mal stress, which can cause functional impairment. Frailty, can be reversible or at 
least attenuated by interventions, and its early detection is highly useful in primary 
and community care [1].

Frailty is either physical or psychological, or a combination of the two compo-
nents, and is a dynamic condition that can improve or worsen over time. Two 
approaches in defining physical frailty have become popular [1]. The deficit model 
consists of adding together an individual’s number of impairments and conditions to 
create a Frailty Index [2]. The second model originally defined a specific physical 
phenotype consisting of a constellation of five possible components such as weight 
loss, exhaustion, weakness, slowness, and reduced physical activity. From this per-
spective, pre-frail (one or two components), and frail status (≥3 components) repre-
sent different degrees of  an underlying physiologic state of multisystemic and 
energetic dysregulation [3].

Both of these definitions are currently used to define a frail and a pre-frail state 
(a condition between frail and non-frail). Frailty domains appear to belong to a 
common construct, with physical strength being one of the discriminating charac-
teristics [4]. Numerous other frailty definitions have been developed, most of them 
based on one of the other basic approaches. Simple rapid screening tests have been 
developed and validated to allow physicians to rapidly recognize frail  people. 
Examples of some commonly used and validated frailty tools include the FRAIL, 
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the Cardiovascular Health Study Frailty Screening Measure, the Clinical Frailty 
Scale, and the Gerontopole Frailty Screening Tool. It is accepted that such instru-
ments can be used to identify frail subjects who need assessment [1].

Since 2001, Fried et al. described that the prevalence of frailty increases with age, 
confering a high risk of adverse health outcomes such as mortality, institutionaliza-
tion, falls, and hospitalization. Numerous geriatric interventions have been devel-
oped to improve clinical outcomes for frail older adults. A major obstacle to the 
success of such interventions has been the absence of a standardized and valid screen-
ing method for those who are truly frail in order to effectively decide the patient’s 
target care. At that time, there was a growing consensus that frailty markers include 
age-associated declines in lean body mass, strength, endurance, balance, walking 
performance, and low activity, and that multiple components must be present 
clinically to constitute frailty. Many of these factors are related, and can be theoreti-
cally unified into a cycle of frailty. From this perspective, frailty is conceptualized as 
a syndrome of decreased resiliency and reserves, in which a mutually exacerbating 
cycle of declines across multiple systems results in negative energy balance, 
sarcopenia, and diminished strength and tolerance to exertion. This being associated 
with a declined body energy and reserve. The core elements of this cycle are those 
commonly identified as clinical signs and symptoms of frailty. Then, Fried et al. 
evaluated whether this phenotype could identify high risk patients to present adverse 
health outcomes [3].

This study employed data from the Cardiovascular Health Study (CHS), a pro-
spective, observational study of men and women 65 years and older. The original 
cohort (N: 5201) was recruited from four US communities in 1989–90. An addi-
tional cohort of 687 African American men and women was recruited in 1992–93 
from three cities.

They were operationalized utilizing data collected in CHS, specifying that a phe-
notype of frailty was identified by the presence of three or more of the following 
components of the hypothesized cycle of frailty [3].

The criteria used to define frailty were the following:

•	 Weight loss: In this criteria the evaluating question is: “Have you lost more than 
10 pounds unintentionally in the last year (i.e., not due to dieting or exercise)?” 
If the answer is “yes”, then weight loss is considered as a frail criterion. If this 
were to be evaluated during follow-up, weight loss is calculated as  follows: 
(Weight in previous year  – current measured weight)/(weight in previous 
year) = K. If K ≥ 0.05, and the subject does not report that he/she was trying to 
lose weight (i.e., unintentional weight loss of at least 5% of previous year’s body 
weight), then weight loss = Yes.

•	 Exhaustion: In this criteria CES–D Depression Scale is used, and the following 
two statements are read. (a) I felt that everything I did required an effort. (b) I 
could not get going. The following question is asked: “How often in the last 
week did you feel this way?” 0 = rarely or none of the time (1 day), 1 = some or 
a little of the time (1–2 days), 2 = a moderate amount of the time (3–4 days), or 
3 = most of the time. Subjects answering “2” or “3” to either of these questions 
are categorized as frail by the exhaustion criterion.

A. Benjumea
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•	 Physical Activity: This criteria is based on the short version of the Minnesota 
Leisure Time Activity questionnaire, asking about walking, chores (moderately 
strenuous), mowing the lawn, raking, gardening, hiking, jogging, biking, exer-
cise cycling, dancing, aerobics, bowling, golf, singles tennis, doubles tennis, rac-
quetball, calisthenics, swimming. Here, expended Kcals per week are calculated 
using standardized algorithm,and this variable is stratified by gender.
Men: Those with 383 Kcals of physical activity per week are frail.
Women: Those with 270 Kcals per week are frail.

•	 Walk Time: Stratified by gender and height 

Men Cutoff for Time to Walk 15 feet criterion for frailty
Height ≤173 cm ≥7 seconds
Height >173 cm ≥6 seconds
Women
Height ≤159 cm ≥7 seconds
Height >159 cm ≥6 seconds

•	 Grip Strength: Stratified by gender and body mass index (BMI) quartiles:

Men Cutoff for grip strength (Kg) criterion for frailty
BMI ≤24 ≤29
BMI 24.1–26 ≤30
BMI 26.1–28 ≤30
BMI >28 ≤32
Women
BMI ≤23 ≤17
BMI 23.1–26 ≤17.3
BMI 26.1–29 ≤18
BMI >29 ≤21

In summary, the criteria were as follows:

	1.	 Shrinking: weight loss, unintentional, of ≥10 pounds in prior year or, at follow-
up, of ≥5% of body weight in prior year (by direct measurement of weight).

	2.	 Weakness: grip strength in the lowest 20% at baseline, adjusted for gender and 
body mass index.

	3.	 Poor endurance and energy: as indicated by self-report exhaustion. Self-reported 
exhaustion, identified by two questions from the CES–D scale [5], is associated 
with stage of exercise reached in graded exercise testing, as an indicator of VO2 
max [6], and is predictive of cardiovascular disease [7].

	4.	 Slowness: the slowest 20% of the population was defined at baseline, based on 
time to walk 15 feet, adjusting for gender and standing height.

	5.	 Low physical activity level: A weighted score of kilocalories expended per week 
was calculated at baseline [8, 9], based on each participant’s report. The lowest 
quintile of physical activity was identified for each gender.

1  Frailty Phenotype
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For measures that identified the lowest quintile, the level established at baseline 
was applied to follow-up evaluations. A critical number of characteristics, defined 
as three or more, had to be present for an individual to be considered frail. Those 
with no characteristics were considered robust, whereas those with one or two char-
acteristics were hypothesized to be in an intermediate, possibly pre-frail stage clini-
cally [3].

The 5317 people evaluated were 65–101 years of age, 58% were female and 
15% African American, with a broad range of socioeconomic, functional, and 
health status data. Those who were frail were older, more likely to be female and 
African American, and had less education, lower income, poorer health, and higher 
rates of comorbid chronic diseases and disability than those who were neither in 
the frail nor in the intermediate group. The frail group also had significantly higher 
rates of cardiovascular and pulmonary diseases, arthritis, and diabetes  mellitus. 
However, there was no significant difference in the cancer rates, possibly due to the 
fact that the recruitment criteria excluded those under cancer treatment . Notably, 
7% of those who were frail had none of mentioned chronic diseases, and 25% had 
just one. Among these diseases were: 56% arthritis, 25% hypertension, 8% diabe-
tes mellitus, and less than 5% angina, congestive heart failure, cancer, and pulmo-
nary disease. Both lower cognition and greater depressive symptoms were 
associated with frailty, and further showed an association between this phenotype 
and self-reported physical disability determined by the  instrumental activities of 
daily living (IADLs)  and the  activities of daily living (ADLs). The  above  men-
tioned, displays the overlap and  interrelation between these domains; frailty is 
distinct from, but overlaps with, both comorbidity (defined as a two or more chronic 
diseases or conditions) and disability (physical or mental impairment that substan-
tially limits one or more of the major life activities). In addition, both frailty and 
comorbidity predict disability: disability may exacerbate frailty and comorbidity, 
and comorbid diseases may contribute, at least additively, to the development of 
frailty. An individual can experience, simultaneously, multiple symptoms of comor-
bid diseases, difficulty in ADLs, and the progressive weakness and vulnerability 
associated with frailty. The causal interconnectedness of these conditions, as well 
as their co-occurrence, makes their diagnosis and treatment key to improving over-
all health outcomes for older adults. Clinical outcomes for these patients will likely 
benefit from improving our ability to differentiate these entities and target thera-
pies [10].

To assess whether three criteria predicted mortality significantly better than two, 
the predictive power of each combination of three criteria were compared. The 
results showed that, groups with three positive frailty  components had  a signifi-
cantly worse survival rate than those with only two components, or without frailty. 
Based on these models, it was concluded that criteria based on three components, 
provided improved predictive power in identifying mortality risk. This work pro-
posed a standardized phenotype of frailty in older adults and showed predictive 
validity for the adverse outcomes that geriatricians identified that frail older adults 
were at risk for: falls, hospitalizations, disability, and death. Even after adjusting 
measures of socioeconomic status, health status, subclinical and clinical disease, 
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depressive symptoms, and disability status at baseline, frailty remained an indepen-
dent predictor of risk of these adverse outcomes. The intermediate group with one 
or two frailty characteristics was at elevated, but still intermediate, risk for the above 
mentioned outcomes, and subsequent frailty.

This study provided insight into frailty and its outcomes in an older adult popula-
tion who were neither institutionalized nor terminal patients. A standardized 
frailty  phenotype provides the  basis for future comparison with other popula-
tions [3].

The phenotype proposed by Fried offers greater predictive validity, compared 
with using only two criteria, and frailty charcaterization provided new insights into 
potential etiologies where aging and chronic illness constitute a final common path-
ways. The definition of frailty offered a validated and standardized, physiologically 
based definition applicable to the spectrum of frailty presentations seen in 
community-dwelling older adults. These frailty diagnosing criteria have been rela-
tively easy and inexpensive to apply, and have offered the basis for standardized 
screening for frailty and risk of frailty in older adults. Frailty phenotype has been 
used to establish clinical risk of adverse outcomes.

In 2006, one study [11] evaluated the cross-validity, criterion validity, and inter-
nal validity in the Women’s Health and Aging Studies (WHAS) of a discrete mea-
sure of frailty validated in the Cardiovascular Health Study (CHS). In the results, 
the frailty distributions in the WHAS and CHS were comparable. In proportional 
hazards models, frail women had a higher risk of developing ADL and/or instru-
mental ADL disability, institutionalization, and death, independently of multiple 
potentially confounding factors. The findings of this study were consistent with the 
widely held theory that conceptualizes frailty as a syndrome and states that the 
frailty definition developed in the CHS is applicable across diverse population sam-
ples and identifies a profile of high risk of multiple adverse outcomes.

Since 2001, more than 27 frailty measuring tools and/or definitions which aimed 
to diagnose the syndrome have been published. The frailty phenotype by Fried and 
colleagues (the Cardiovascular Health Study Index [CHS]) and the Frailty Index 
(FI) by Mitnitski and colleagues had their validity assessed in more than three dif-
ferent samples and are the two most frequently used strategies for frailty diagnosis 
(69% and 12% of published studies, respectively) [12]. However, both the CHS 
phenotype and the FI are difficult to put into practice in clinical or large epidemio-
logical settings. The former  requires objective measures implemented by trained 
staff and the latter a clinical database with information regarding different signs, 
symptoms, and health problems. Considering the reality of developing nations, with 
several professional and structural deficiencies in the health care system, simple 
frailty screening instruments present greater adequacy to service demands. The use 
of more complex instruments should be reserved for specialized geriatric services. 
Therefore, alternative frailty assessments, relying mostly on self-reported measures, 
have been recommended to a broad clinical context. Critically, the other tools have 
not had their diagnostic accuracy compared with commonly accepted frailty criteria 
such as the CHS phenotype criteria, and the use of these frailty evaluating tools 
depends on the clinical scenario.
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Chapter 2
Frailty Assessment

Angela Benjumea

Frailty is a condition that places older persons at risk of poor outcomes when 
exposed to stressful events. Frailty is present in approximately 5% of the population 
aged 60 and older. Numerous studies have suggested that frailty is a predictor of 
functional deterioration and mortality. Models of frailty have been developed using 
three different domains: functional, deficit accumulation, and biological [1]. Frailty 
represents a potential public health problem due to the multiple clinical and social 
consequences and its dynamic nature. Identifying frail older adults or those at risk 
of frailty should be one of the foundations of geriatric care, since it is a complex and 
important issue associated with aging, with implications for both the patients and 
the health services. Adequate recognition of frailty may reduce risks from possibly 
detrimental interventions, being currently  unacceptable to consider patients’ 
risk  only on their chronological age. The dynamic nature of frailty highlights a 
potential for preventive and restorative interventions, so that when detected early, it 
is possible to preserve the functional and cognitive reserves, to maintain the capac-
ity for self-care and to prevent disabilities, falls, functional decline, institutionaliza-
tion, hospitalization, and death [2]. There are a growing number of instruments that 
aim to evaluate frailty.

In 2001, Fried and colleagues proposed their landmark frailty phenotype mea-
surement, (the CHS index), which assessed frailty by measuring five of its physical 
components. Following this, and also in 2001, Rockwood and Mitnitski released 
their accumulated deficits model of frailty, which considered not only the physical 
components of frailty, but also the psychosocial aspects of frailty. Both of these 
frailty models are highly regarded and used today. Nowadays, a plethora of frailty 
measuring tools are in existence. Identifying which frailty measuring tool is most 
suitable for clinical and/or research application is currently a topic of heated debate. 
Moreover, multiple reviews have highlighted the need for a standard measurement 
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of frailty in research and/or clinical practice. A standard measurement would allow 
for consistent recognition of frailty worldwide [3]. Dent and colleagues, summa-
rized the main strengths and limitations of existing frailty measuring tools, and 
examined how well these measurements operationalized frailty according to Clegg’s 
guidelines for frailty classification, their accuracy in identifying frailty, their basis 
on biological causative theory, and their ability to reliably predict patients’ out-
comes and their response to potential therapies. Four hundred twenty-two studies 
were identified. From these studies, 29 different frailty measurements were identi-
fied. Overall, frailty measurements were used for frailty classification and prognosis 
across a broad range of medical patients, including geriatric, oncology, surgical, 
orthopedic, cardiovascular, and renal patients. This review showed that there are 
multiple measuring tools used to identify frailty in older people. There was a wide 
range in the applicability of these frailty measuring tools: from short, fast and crude 
frailty screening instruments to the sophisticated, time-consuming measurements. 
Many frailty measuring tools had not been robustly validated in the literature, and 
their prognostic ability was rarely determined. Moreover, many frailty measuring 
tools were modified somewhat from their original, validated version, which in turn, 
can have a striking impact on frailty classification. The majority of these medical 
studies used frailty measurement as a prognostic tool, applying Fried’s frailty phe-
notype and the frailty index (FI) [3]. Frailty is considered as an at-risk state caused 
by the age-associated accumulation of deficits. A method has been proposed for 
how a frailty index can be derived from existing health databases by proposing cri-
teria for deficits and procedures for counting deficits. The current concept is that the 
number of deficits is important: the more deficits individuals accumulate, the more 
they are at risk of an adverse health outcome, which means that with more deficits, 
they are at more risk and, then they are more frail. In this sense, deficit accumulation 
is indistinguishable from the loss of physiologic reserve, being a convenient way for 
geriatricians to record and count deficits to use the information gathered as part of a 
routine comprehensive geriatric assessment (CGA). Then, the frailty index was con-
structed as an index based on a comprehensive geriatric assessment (FI-CGA). The 
total number of items that can be used in a frailty index is considered to be 80, 
assuming that the maximum number of diagnoses is 15 and the maximum number 
of medications is 20. In this sense, for any individual, a frailty index score based on 
CGA is calculated as the number of deficits that he/she has, divided by the total 
number of deficits that were considered (e.g.: 80) For instance, a woman with dia-
betes mellitus, peptic ulcer disease, osteoarthritis, hypothyroidism, and osteoporo-
sis, (5 deficits), who takes 7 medications (1 deficit); needs help with banking, 
shopping, and transportation (3 deficits); complains of anxiety; rates her health as 
only fair; and seems poorly motivated to change her health status (2 deficits) would 
have 11 deficits. Therefore, her frailty index score would be the 11 deficits she has, 
divided by the 80 deficits that were considered, that is, an FI-CGA score of 
11/80 = 0.14. Since the patient’s deficit accumulation is highly correlated with the 
risk of death, it is possible to consider this deficit accumulation as an estimated 
patient’s biological age. Consider two people, A and B, who have both 78 years of 
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age, at this age the mean value of the frailty index is 0.16. However, person A has a 
frailty index value of 0.26, which is in fact the frailty index corresponding to a 93 
years old person. Thus, person A has a life expectancy corresponding to a 93 years old 
individual, which means that he/she has a chronological age of 78 years, but a bio-
logical age of 93 years. Conversely, person B has a frailty index value of 0.1, which 
is a lower value than the expected one, being this frailty index corresponding to a 63 
year old individual. Thus, in essence, person B has a life expectancy corresponding 
to a 63 years old individual, which means that he/she has a chronological age of 78 
years, and a biological age of 63 years. Therefore, it is proposed this approach to 
measure patients’ biological age, since research  studies have confirmed the high 
correlation between mortality and deficit accumulation [4].

Many frailty instruments are useful for identifying high risk individuals  for 
adverse outcomes, but less for developing clinical interventions to prevent or treat 
frailty. Additionally, agreement between these instruments has been shown to vary 
greatly. Maintaining validity in terms of ensuring that instruments are measuring 
their intended frailty-related constructs is another important consideration. Because 
short and simple instruments for detecting frailty are most feasible in clinical prac-
tice, several quick screening tools have been developed and validated for this pur-
pose: [5].

	1.	 Clinical Frailty Scale (CFS): The Clinical Frailty Scale (CFS) is a well validated 
frailty measuring tool created by Dalhousie University in Canada. It is scored on 
a scale from 1 (very fit) to 9 (terminally ill), and is based on clinical judgment. 
Each point on its scale corresponds with a written description of frailty, comple-
mented by a visual chart to assist with the classification of frailty. A score ≥5 is 
considered to be frail. The CFS can be extracted from data from medical charts, 
and therefore can also be derived from CGAs. The CFS has been validated as an 
adverse outcome predictor in hospitalized older people [6–8].

	2.	 Edmonton Frailty Scale (EFS): The Edmonton Frailty Scale (EFS) is a vali-
dated and reliable measuring tool for frailty identification in the hospital setting. 
The EFS is scored out of 17, and contains nine components: cognition, general 
health status, self-reported health, functional independence, social support, 
polypharmacy, mood, continence, and functional performance. Component 
scores are summed, and the following cut-off score is used to classify frailty 
severity: not frail (0–5), apparently vulnerable [6, 7], mildly frail [8, 9], moder-
ately frail [10, 11], and severely frailty [12–17]. With only nine components, the 
EFS is much simpler to extract from CGAs than the FI-CGA. The EFS is increas-
ingly being used to identify frailty in specific clinical populations, and an adapted 
version, the Reported EFS has been developed for acute care [9–12].

	3.	 Fatigue, Resistance, Ambulation, Illness, Loss of Weight (FRAIL) Index: Recently 
proposed by the International Association of Nutrition and Ageing (IANA), 
FRAIL is comprised of five components: Fatigue (self-report), Resistance, 
Ambulation (slow walking speed), Illness, and Loss of weight (5% or more in 
the past year). When three or more of these components are present, an older 
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person is classified as frail. FRAIL is judged to be clinically advantageous due 
to its simple nature and ability to be obtained from data already included in a 
patient CGA. It has been found to be predictive of mortality in specific popula-
tions. Further validation studies of FRAIL are needed for both hospitalized and 
community dwelling older people [1, 13, 14].

	4.	 Study of Osteoporotic Fractures (SOF) Index: The Study of Osteoporotic 
Fractures (SOF) frailty index, like the CHS index, considers frailty to be pheno-
typic in nature, with an underlying biological causative theory. The SOF is easy 
to apply, with frailty classified as the presence of ≥2 components out of list of 
three: weight loss (intentional/unintentional, 5% in the last year), exhaustion (an 
answer of ‘no’ to the question ‘do you feel full of energy?’), and low mobility 
(inability to perform a five-times-chair-rise test). The SOF is valid and reliable, 
and has been found to be an independent predictor of adverse outcomes in 
community-dwelling older people. It generally compares well to the FI and the 
CHS regarding adverse outcome prediction. The SOF is suited for both popula-
tion screening and clinical assessment, although it tends to over-screen frailty in 
the hospital setting because patients with an acute medical condition often can-
not perform a five-times-chair-rise test [15–17].

	5.	 Mobility performance tests: Five-chair sit-to-stand (STS): This test measured the 
time taken to stand from a sitting position five times without using the arms. 
Patients were asked to stand up and sit down on a straight-backed chair (they sat 
on a chair that was 46 cm high) as quickly as possible. The time was measured 
from the initial sitting position to the final fully erect position at the end of the 
fifth stand up. Timed chair standing is a reliable and valid test that reflects older 
adults’ lower extremity muscle force, balance, and functional mobility [18].

Alternate step: This test involves weight shifting and provides a measure of lat-
eral stability. Patients were asked to step alternately eight times with each leg onto 
a raised platform (19 cm high). The time taken to alternately place each foot on a 
19 cm high step eight times was measured. Alternate step test has been found to be 
a valid, reliable, and feasible clinical test for measuring mobility [18].

TUG: This test measured the time to rise from a 46-cm high chair, walk forward 
by 3 meters as quickly as possible, turn by 180°, walk back to the chair, and sit 
down. This test has been found to be a reliable and valid test for quantifying func-
tional mobility [18].

TRG: This test measured the time to walk back and forth over a 10-foot course 
as quickly as possible. The feasibility of the rapid gait test in clinical practice has 
been demonstrated. Timing was started when a participant was ready and tester said 
“go” and was stopped when the participant’s first foot crossed the starting line [18].

UGS: Gait speed test may be the best indicator of frailty among all of Fried’s 
frailty components. Importantly, gait speed also has a close association with adverse 
health outcomes in older people. Gait speed is applicable clinically, although it does 
over-screen for frailty, and there are fundamental difficulties in measuring out walk-
ing course in a clinical setting [19].
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Grip Strength (GS): Low grip strength can also be used as a single measure of 
frailty, and has been found to be predictive of both functional decline and long stay 
in hospitalized older patients, and mortality in community dwelling adults. It has 
also been found to be a good marker of poor mobility [20–23].

In conclusion, there are a lot of frailty  measuring tools, although  a  qualified 
frailty measurement should be able not only  to identify  this syndrome, but also 
to predict patients’ outcomes, their response to potential treatments, and have bio-
logical bases. Based on these criteria, the two most robust frailty assessment tools, 
commonly used by clinicians and researchers  are  Fried’s Frailty Phenotype (the 
CHS index) and Rockwood and Mitnitski’s Frailty Index (FI). Frailty measurement 
should be incorporated into clinical practice as part of routine care for older patients.

References

	 1.	Malmstrom T, Miller D, Morley J. A comparison of four frailty models. J Am Geriatr Soc. 
2014;62(4):721–6. https://doi.org/10.1111/jgs.12735.

	 2.	Wilke J, Nascimiento D, Souza S. Instruments for the detection of frailty syndrome in older 
adults: a systematic review. PLoS One. 2019;14(4):e0216166. https://doi.org/10.1371/journal.
pone.0216166.

	 3.	Dent E, Kowal P, Hoogendijk E.  Frailty measurement in research and clinical practice: a 
review. Eur J InternMed. 2016;31:3–10. https://doi.org/10.1016/j.ejim.2016.03.007.

	 4.	Rockwood K, Mitnitski A. Frailty defined by deficit accumulation and geriatric medicine defined 
by frailty. Clin Geriatr Med. 2011;27:17–26. https://doi.org/10.1016/j.cger.2010.08.008.

	 5.	Waltson J, Buta B, Xue Q. Frailty screening and interventions. Clin Geriatr Med. 2018;34:25–38. 
https://doi.org/10.1016/j.cger.2017.09.004.

	 6.	Rockwood K, Song X, MacKnight C, et al. A global clinical measure of fitness and frailty in 
elderly people. CMAJ. 2005;173(5):489–95.

	 7.	Basic D, Shanley C. Frailty in an older inpatient population: using the clinical frailty scale to 
predict patient outcomes. J Aging Health. 2015;27(4):670–85.

	 8.	Wallis SJ, Wall J, Biram RW, Romero-Ortuno R. Association of the clinical frailty scale with 
hospital outcomes. QJM. 2015;108(12):943–9.

	 9.	Rolfson DB, Majumdar SR, Tsuyuki RT, Tahir A, Rockwood K. Validity and reliability of the 
Edmonton frail scale. Age Ageing. 2006;35(5):526–9.

	10.	Partridge JS, Fuller M, Harari D, Taylor PR, Martin FC, Dhesi JK. Frailty and por functional 
status are common in arterial vascular surgical patients and affect postoperative outcomes. Int 
J Surg. 2015;18:57–63.

	11.	Graham MM, Galbraith PD, O’Neill D, Rolfson DB, Dando C, Norris CM. Frailty and out-
come in elderly patients with acute coronary syndrome. Can J Cardiol. 2013;29(12):1610–5.

	12.	Hilmer SN, Perera V, Mitchell S, Murnion BP, Dent J, Bajorek B, et al. The assessment of 
frailty in older people in acute care. Australas J Ageing. 2009;28(4):182–8.

	13.	Morley JE, Malmstrom TK, Miller DK. A simple frailty questionnaire (FRAIL) predicts out-
comes in middle aged African Americans. J Nutr Health Aging. 2012;16(7):601–8.

	14.	Woo J, Leung J, Morley JE. Comparison of frailty indicators based on clinical phenotype and 
the multiple deficit approach in predicting mortality and physical limitation. J Am Geriatr Soc. 
2012;60(8):1478–86.

	15.	Ensrud KE, Ewing SK, Taylor BC, Fink HA, Stone KL, Cauley JA, et al. Frailty and risk of 
falls, fracture, and mortality in older women: the study of osteoporotic fractures. J Gerontol A 
Biol Sci Med Sci. 2007;62(7):744–51.

2  Frailty Assessment

https://doi.org/10.1111/jgs.12735
https://doi.org/10.1371/journal.pone.0216166
https://doi.org/10.1371/journal.pone.0216166
https://doi.org/10.1016/j.ejim.2016.03.007
https://doi.org/10.1016/j.cger.2010.08.008
https://doi.org/10.1016/j.cger.2017.09.004


12

	16.	Bilotta C, Nicolini P, Case A, Pina G, Rossi S, Vergani C. Frailty syndrome diagnosed accord-
ing to the study of osteoporotic fractures (SOF) criteria and adverse health outcomes among 
community-dwelling older outpatients in Italy. A one-year prospective cohort study. Arch 
Gerontol Geriatr. 2012;54(2):e23–8.

	17.	Ensrud KE, Ewing SK, Cawthon PM, Fink HA, Taylor BC, Cauley JA, et al. A comparison of 
frailty indexes for the prediction of falls, disability, fractures, and mortality in older men. J Am 
Geriatr Soc. 2009;57(3):492–8.

	18.	Kim M, Yabushita N, Kim M, et al. Mobility Performance Test for discriminating high risk of 
frailty in community-dwelling older women. Arch Gerontol Geriatr. 2010;51:192–8.

	19.	Toots A, Rosendahl E, Lundin-Olsson L, Nordstrom P, Gustafson Y, Littbrand H. Usual gait 
speed independently predicts mortality in very old people: a population-based study. J Am 
Med Dir Assoc. 2013;14(7):529, [e521–526.]

	20.	Garcia-Pena C, Garcia-Fabela LC, Gutierrez-Robledo LM, Garcia-Gonzalez JJ, Arango-
Lopera VE, Perez-Zepeda MU. Handgrip strength predicts functional decline at discharge in 
hospitalized male elderly: a hospital cohort study. PLoS One. 2013;8(7):e69849.

	21.	Roberts HC, Syddall HE, Cooper C, Aihie Sayer A. Is grip strength associated with length of 
stay in hospitalised older patients admitted for rehabilitation? Findings from the Southampton 
grip strength study. Age Ageing. 2012;41(5):641–6.

	22.	Leong DP, Teo KK, Rangarajan S, Lopez-Jaramillo P, Avezum A Jr, Orlandini A, et  al. 
Prognostic value of grip strength: findings from the prospective urban rural epidemiology 
(PURE) study. Lancet. 2015;386(9990):266–73.

	23.	Stevens PJ, Syddall HE, Patel HP, Martin HJ, Cooper C, Aihie Sayer A.  Is grip strength a 
good marker of physical performance among community-dwelling older people? J Nutr Health 
Aging. 2012;16(9):769–74.

A. Benjumea



13© Springer Nature Switzerland AG 2021
C. G. Musso et al. (eds.), Frailty and Kidney Disease, 
https://doi.org/10.1007/978-3-030-53529-2_3

Chapter 3
Falls and Gait Disorders in Older Adults: 
Causes and Consequences

Manuel Montero-Odasso and Tahir Masud

�Introduction

Over the course of the aging process, there is an increased risk for falling and there-
fore subsequent adverse consequences including soft tissue and bone injury, dis-
ability, dependency, premature nursing home admission, and mortality [1]. This 
trend has been well established for many years and was first described nearly 
40  years ago in the context of one of the so-called “geriatric giants” termed 
Instability. Falls and concomitant fall-related injuries in older people are a prevalent 
and global issue that pose substantial clinical and public health implications [2].

A fall is defined as “an unintentional change in position resulting in coming to 
rest at a lower level or on the ground” [3]. It is important to note that syncope and 
loss of consciousness due to seizures or an acute stroke are not included in the fall 
definition despite the fact that they also often present as an episode of instability and 
a change of position to a lower level [4, 5]. From an etiological standpoint, falls 
generally have multiple and diverse causes and frequently result from the accumu-
lated effect of impairments in multiple systems, illustrating their complexity.
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�Falls as a “Geriatric Giant”

For centuries, falling has been described as a natural accident that occurs commonly 
as a geriatric syndrome in older adults. In its initial inception, falls management was 
focused only on the mechanical consequences of the fall, namely the physical injury 
resulting from the fall. The geriatric giants known as “Instability” and “Immobility” 
include falls and fractures as critical components [6], and both are important in the 
vicious cycle of falls and fractures in older adults. As depicted in Fig. 3.1, once the 
individual feels immobilized as a result of previous falls, there is development of 
further neuromuscular impairment, which in turn, often leads to muscle weakness, 
sarcopenia, and deconditioning that further increases the risk of future falls and 
fractures. It is therefore apparent that falls are both a cause and a consequence of 
neuromuscular and physical impairment. This trend was first described in observa-
tional studies conducted in the early1980s, illustrating the epidemiology, conse-
quences, and underlying factors responsible for the occurrence of recurrent falls, 
and is sometimes referred to as the falls syndrome [2, 3, 5, 7–10]. Following this 
initial description, clinical trials were conducted in the late 1980s demonstrating 
that multifactorial and multidisciplinary interventions that target a series of lifestyle 
factors may be best suited in preventing falls and their concomitant consequences 
[2, 11–15].

Sarcopenia

Neuromuscular 
Impairment

Instability in Gait and BalanceFalls and Fractures

Poor Nutrition

Immobilization

Neurocognitive 
Impairment

Osteoporosis
Syncopal events

Fig. 3.1  Vicious cycle in falls with principal contributors. Modified from Montero-Odasso [84]. 
Green arrows represent the cycle. Light blue arrows represent the contributors
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It is now well established that the risk of falling is strongly linked with age, as 
after the sixth decade of life (age 60 or older), the incidence of falls rises steadily 
with further aging and reaches its highest incidence rate among persons aged 
80 years or older. Comorbidities commonly associated with the natural aging pro-
cess include osteoporosis, visual impairment, and the loss of adaptive and defensive 
mechanisms related to falls prevention. These comorbidities place older adults at 
greater risk of sustaining a serious injury, even after the occurrence of a minor fall. 
This inability to prevent fall accidents is of critical importance, as accidents are 
ranked in the top five leading causes of death in high income countries and falls are 
considered the single leading cause of accidental death in older adults [16] (see 
Table 3.1).

But despite the general trends delineated above, there are important differences 
in the prevalence and incidence of falls depending on the population and setting 
under observation. Table  3.1  describes the incidence rates of falls in various 
populations.

Evidently, factors such as hospitalization and age contribute to the increase in 
future falls risk. But importantly, history of falls in the past year poses a consider-
able risk of future falls which is concerning, as falls constitute the largest single 
cause of injury related mortality in older adults. Moreover, falls independently 
determine the risk of functional decline, and account for, approximately, 40% of all 
nursing home admissions and substantial societal costs [17].

�Consequences of Falling

There is a plethora of serious medical, psychological, and social consequences 
resulting from the occurrence of falls, many of which are underreported or underes-
timated in the literature (see Table 3.2).

As depicted in Table 3.2, the consequences of falls are debilitating, regardless of 
the cause, and can potentially result in death.

Table 3.1  Incidence rate of falls by population type

Population description Annual incidence rate of future falls 

Community dwelling older adults aged 65 years or 
older [14]

30%

Older adults hospitalized as patients [16–18] 40%
Community dwelling older adults aged 80 years or 
older [14]

40–50%

Older adults living in long-term care facilities [16–18] 45–50%
Individuals with a history of falls in the previous year 
[16–18]

60%

Note. Numbers accompanying population description are the references

3  Falls and Gait Disorders in Older Adults: Causes and Consequences
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�Morbidity and Mortality

Falls are the leading cause of death from trauma and injury in men and women aged 
65 years and older. Following the occurrence of a fall, a cascade of additional psy-
chological and medical consequences follows. Not surprisingly, 20% of those who 
have had a previous fall will develop a “fear of falling,” 15% will sustain an injury 
that leads to visits to an emergency department, 10% will sustain a severe injury but 
not a fracture (e.g., head injury, brain hematomas, or chest trauma), 5% will sustain 
a fracture, and 1% a hip fracture [17, 18]. For higher risk individuals, such as women 
75 years of age and older [19] and cognitively impaired older adults [20], these 
percentages are more than doubled.

In addition to factors outlined such as hospitalization, increased age, and cogni-
tive impairment, the way an individual falls is also related to the type of injury that 
they will sustain. For example, falling forward usually results in a wrist or hand 
fracture, and wrist fractures are also more prevalent in older adults between the ages 
of 65–75. Falling on one’s side is more likely to result in hip fractures, and hip frac-
tures are most prevalent in individuals over the age of 75. Falling backwards tends 
to have the lowest rate of resulting fractures. Notably, not only the way one falls, but 
also an individual’s age predicts whether or not they sustain no injury, a wrist frac-
ture, or a hip fracture, with the latter being more common in older age. Several 
hypotheses have been postulated in an attempt to explain this age-related shift from 
wrist to hip fractures. For instance, it has been suggested that individuals over 
75 years of age have slower defensive reflexes than their younger counterparts, and 
are thus at greater risk for falling in ways that result in more pronounced injuries 
such as pelvis and hip fractures [21].

Table 3.2  Frequent 
consequences of the fall 
syndrome in older people

Cause Consequence

Medical/Physical Head trauma
Soft-tissue hematoma
Fracture
Joint dislocation
Chronic pain
Death

Psychological Fear of falling
Anxiety
Loss of confidence
Depression

Social Dependency
Isolation
Placement in long-term care

Functional Immobility
Deconditioning
Disability and dependence
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�Psychological and Social Consequences

Although the physical consequences of falls are of critical importance, no less 
important are the psychological and social consequences of falls. As previ-
ously alluded, “fear of falling” is common in individuals who have experienced a 
single fall and is highly common in individuals who have had recurrent falls [17, 
22–24]. This anxiety and fear of falling can significantly impact their quality of life.

Fear of falling and anxiety can lead to isolation, as individuals may be reluctant 
to engage in various activity types. This isolation from activities and daily experi-
ence of fear and anxiety can further lead to depression and poor life satisfaction. 
Surprisingly, fear of falling has been shown to be a predictor of future falls, indicat-
ing that despite the efforts made to avoid falls by individuals with a fear of falling—
their anxiety about falling may actually cause rather than prevent future falls. It 
appears that fear of experiencing another fall (known as “post fall anxiety”) may 
trigger a downward spiral, negatively influencing an individual’s social and psycho-
logical wellbeing. This impact on their psychological wellbeing thereby reduces 
their participation in social activities and isolates them which may directly contrib-
ute to their feelings of loneliness and hopelessness, and potentially lead to a diagno-
sis of depression.

�Risk Factors for Falls

While it may be possible to determine the direct trigger for a given fall, the actual 
underlying causes of falls in older persons are varied and complex. Multiple risk 
factors for falls have been identified including those discussed thus far in this chap-
ter such as age-related decline of bodily functions including sensory impairment 
and neuromuscular weakness. In addition to these, comorbidities such as cardiovas-
cular disease, polypharmacy, and environmental hazards have been identified as 
common risk factors for falls [8, 25, 26]. Of course, environmental hazards pose a 
fundamentally different risk to individuals than do internal comorbidities and medi-
cal conditions. For example, an individual who is cognitively intact, medically 
healthy, and has excellent sensory functioning may have a high risk of falls simply 
due to a high prevalence of environmental hazards that may cause her/him to trip, 
slip, and fall. Thus, the most accepted classification of falls pertains to whether the 
risk factors for the fall are related to an extrinsic hazard or an intrinsic disorder [16, 
27]. Extrinsic falls are typically related to environmental hazards causing individu-
als to slip, trip, or sustain an externally induced displacement, whereas intrinsic 
falls include mobility or balance disorders, muscle weakness, orthopedic problems, 
sensory impairment, or a neurally-mediated cardiovascular disorder such as pos-
tural hypotension or post-prandial hypotension [27]. However, for the majority 
(80%) of fallers, this classification has limited clinical applicability, as their falls are 
caused by a combination of intrinsic and extrinsic factors [28].
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In order to reduce the occurrence of falls, it is important to modify the underlying 
risk factors. While modifying one risk factor may reduce the incidence of falls, the 
risk reduction is likely to be greatest when multiple risk factors are modified [15]. 
Therefore, from a clinical point of view, it is most advantageous and efficient to 
select interventions that target several risk factors simultaneously.

In this chapter, risk factors are aggregated into four domains as follows, which 
each relate to the potential interventions as listed in Table 3.5: (1) neuromuscular, 
(2) medical, (3) cardiovascular, and (4) environmental.

The risk factors for a fall under a given domain may include both medical diag-
noses as well as their concomitant symptoms. For example, neuromuscular falls 
may be caused by Parkinsonism, a neurological diagnosis, as well as lower extrem-
ity weakness, a symptom of that diagnosis. It is noteworthy that under medical 
problems, medications are included, as they are an important cause of falls. There is 
strong evidence that in addition to the total number of medications taken, both the 
type and class of medications are important in producing side effects that may cause 
falls. For example, psychotropics, sedatives, and vasodilators are recognized as con-
tributing to the risk of falling in older adults [22, 29–31]. In two seminal reviews of 
the literature, Leipzig et al. conducted meta-analyses of studies on falls completed 
by 1999 [30, 31] identifying by drug classes their attributable risk and odds ratios 
(OR) for falls each drug group. The use of sedatives, hypnotics, antidepressants, and 
benzodiazepines increased risk of falls by approximately 1.5 times (with an OR 
ranging from 1.32 to 1.8). Further details pertaining to each medication type are 
provided below.

�Antianxiety/Hypnotics Medications

Regardless of their duration of action, benzodiazepines have consistently been 
shown to have a strong dose-response relationship with increased risk of falls, 
as benzodiazepine users had an adjusted OR  =  1.48 (95% CI 1.23, 1.77) 
for falls.

�Antipsychotic Medications

Although their use and prescription is still controversial, antipsychotic medica-
tions are widely used to manage some behavioral and psychiatric symptoms in 
older patients. Atypical antipsychotics are preferred because they have fewer 
extrapyramidal side effects relative to other antipsychotic medications, but even 
these confer a risk of future falls. Antipsychotics are associated with a 
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significantly greater risk of falling, with adjusted ORs ranging from 1.30 to 
1.74. What this suggests is that individuals who take antipsychotic medications 
are nearly two times more likely to fall than those who do not take such 
medications.

�Antidepressant Medications

There are generally two classes of medications prescribed for individuals suffering 
from depression—selective serotonin reuptake inhibitors (SSRIs) and tricyclic 
antidepressants (TCAs). Recent studies have focused on comparing the falls risk 
associated with the use of each type. The evidence suggests the risk of falls or hip 
fractures does not differ between those who use of SSRIs in preference to TCAs, 
being high for both classes [32, 33].

�Antipsychotics and Opioids

In studies of older community dwelling adults, the use of combined central nervous 
system medications including benzodiazepines, opioid receptor agonists, antipsy-
chotics, and antidepressants appears to increase both the risk of first falls and recur-
rent falls (adjusted OR = 2.89) [34]. More recent data further support these findings, 
as a systematic review and meta-analysis in 2018 also found that antipsychotics, 
antidepressants, and benzodiazepines are consistently associated with an increased 
risk of falls [35]. What these data suggest is that combining medications that act on 
the central nervous system confers a significantly higher risk of recurrent falls than 
the individual medication.

�Antihypertensive and Other Cardiovascular Medications

Antihypertensives and cardiovascular medications also appear to increase the risk 
of falls. The Leipzig et al. [30, 31] meta-analysis identified digoxin, type 1a anti-
arrhythmics and diuretics as being associated with an increased falls risk. These 
results are further bolstered by similar findings from a prospective study with 979 
rural-dwelling older adults aged 70 years or over in Finland [36]. This study found 
that injurious falls had a significantly high occurrence in men taking digoxin 
(OR = 2.2) and any user of calcium channel blockers (OR = 2.4).
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�Pathophysiology of Falls

�A Model for the Understanding of the Basics of Postural Control

There is a certain degree of natural instability due to the anatomical properties of the 
human upright position. Specifically, when we stand, our feet provide us with a nar-
row base of support and our mid-section gives us a high center of gravity. Together, 
these physical properties of human anatomy contribute to a large degree of instabil-
ity. While standing or walking, the human body needs to maintain a delicate equi-
librium via a harmonious modulation of trunk/ankle flexibility. Motor impairments 
increase the risk of falling by challenging this equilibrium modulation. Physiological 
perturbations such as body sway during standing or walking or after an extrinsic 
destabilizing factor such as during tripping also challenge this delicate equilibrium. 
When a perturbation with a potential to cause a fall occurs, a rapid succession of 
strategies aimed at preserving body stability follow, the first of which is the “ankle 
strategy”. The ankle strategy is a motor plan characterized by the release of trunk 
muscles and stiffening of the ankle joint [37–40]. This ankle strategy may not be 
sufficient during more severe perturbations, and thus a second motor plan, the “step-
ping strategy” is activated. Here the ankle joint is released, and the individual per-
forms one or more steps to enlarge their base of support. If both, the ankle and 
stepping motor strategies fail to preserve stability, the upper limbs come into play, 
performing rescue strategies such reaching out for support or protective reactions 
including limiting the traumatic consequence of falling when it cannot be avoided. 
As illustrated by this sequential model, there is a strong pathophysiological link 
between trunk inflexibility and instability. This model also helps illustrate the clear 
mechanistic link between gait disorders and falling (i.e., “stepping strategy”). 
Finally, this model explains the need for an adequate flow of information through 
visual, vestibular, and somatosensory afferent pathways  as well as the need for 
attentive and executive resources to adapt to the environmental perturbation by rap-
idly switching from one strategy to the other. Figure 3.2 schematizes these strategies 
and the role of executive function in controlling and modulating the three classic 
rescue strategies.

The motor determinants of a frequent faller are characterized by a disorder of 
either the base of support or the center of body mass [37]. Parkinson’s disease (PD) 
is an example of a common base of support disorder, as patients with PD manifest 
disorders of both the base of support and the center of body mass. Moreover, indi-
viduals with advanced PD fall frequently. PD is generally regarded as a disorder of 
the brain’s dopaminergic system; however, additional processes not strictly con-
fined to the dopaminergic systems may also play a role in the pathogenesis of motor 
axial impairment. Mild Parkinsonian signs have also been recognized in older adults 
without PD. These patients present features that are recognized as risk factors for 
falling, including gait and postural instability and impaired executive cognitive 
function. The emergence of mild Parkinsonian signs related to vascular lesions 
mainly involve the frontal regions of the brain [41], supporting the hypothesis that 
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brain cortical control of gait shares the same neural networks of important frontal 
lobe functions including executive functioning [41].

�Cognitive Aspects of Falls Risk: The Role of the Gait 
and Cognition Interaction in Falls

The view that walking is an entirely automatic motor task is now being challenged 
as being over simplistic [42]. In the real world, walking requires a myriad of atten-
tional resources including constant avoidance of various environmental hazards and 
consistent recovering from postural perturbations to avoid stumbles or falls. 
Unsurprisingly then, attentional deficits and problems with executive functioning 
are independently associated with an increased risk of postural instability, impair-
ment in activities of daily living, and future falls [43].

There is now a growing body of research on dual-tasking gait (DTG), which is 
the simultaneous performance of a secondary task while walking. This research has 
been largely driven by the observation that the failure to maintain a conversation 
while walking (“stop walking when talking”) is a strong predictor of future falls 
[44]. With impairments in attentional and cognitive abilities, dual-task abilities 
worsen as well. Even while standing, postural sway increases when a cognitive task 
is being performed concurrently. This suggests that the constant dynamic control of 
postural adjustments during standing inherently requires a certain level of cognitive 

Fig. 3.2  Schematization of rapid succession of strategies aimed at preserving body stability after 
a single perturbation. Note the role of cognitive processes, attention and executive functions, mod-
ulating the three classic rescue strategies. (Reproduced with permission from Montero-Odasso and 
Speechley [85]
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and attentional resources. Similarly, locomotion also requires a certain degree of 
attentional resources. In otherwise healthy older adults who present with “normal” 
cognitive abilities, executive functioning abilities have been prospectively associ-
ated with falls [45]. A systematic review and meta-analysis found that executive 
dysfunction was associated with a 1.44 times increased risk of any fall and falls 
associated with serious injury [20].

In patients with overt neurological disease such as those with previous incidences 
of stroke, PD, or dementia, gait deteriorates more during dual tasking [46–48]. This 
strong association between gait and cognition could explain why falls are so common 
in patients with cognitive impairment and dementia and why patients with dementia 
are so vulnerable to impairments in DTG performance. Dual tasking is representative 
of regular daily life activities, as it involves many attention-demanding events during 
walking. With this perspective, it is unsurprising that fall frequency increases while 
performing a secondary attention-demanding task, as cognitive resources are utilized 
for the secondary task and cannot be as readily available to prevent falls.

Finally, further evidence bolstering the notion that attention and cognition play a 
pivotal role in postural control comes from the fact that medications that impair 
cognitive abilities  also increase the risk of falls. In contrast to medications that 
impair cognitive abilities, cognitive enhancers (including the cholinesterase inhibi-
tor donepezil, used for the treatment of dementia) reduce falls significantly. Although 
it may appear as though the medications themselves reduced falls, this is unlikely, 
as patients with PD who do not have cognitive impairment often present with near-
falls rather than actual falls, suggesting that medications used to treat dementia may 
not themselves improve stability, but rather cognitive resources improve stability. 
Taken together, these findings imply that medications that enhance cognitive 
resources subsequently reduce falls. Similarly, cognitive enhancers have improved 
gait and mobility in people with Alzheimer’s disease [49, 50].

�Risk Identification

�Falls Classification and the Role of Gait Assessments

Falls can be classified in a number of diverse ways including by their number (sin-
gle fall vs. multiple falls); whether or not an injury was sustained (injurious falls vs. 
non-injurious falls); and what risk factors may have been involved (intrinsic vs. 
extrinsic factors). The traditional classification based on the presence of intrinsic 
and extrinsic factors is widely used, validated, and accepted worldwide [27]. 
However, when used in isolation, its utility is limited, as it is difficult to attribute a 
fall to an extrinsic factor alone, given that the majority of environmentally related 
falls result from a complex interaction between extrinsic and intrinsic risk factors. 
The intrinsic-extrinsic categorization was originally developed in order to separate 
and delineate multiple contributions to a given fall. However, it is noteworthy that 
older people who experience an extrinsic fall often have an underlying intrinsic 
condition that decreases their ability to compensate for the hazardous situation 
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which originally may have caused the initiation of the fall. One of the themes of this 
chapter is that falls are multifaceted in their cause and often result from a complex 
interaction between factors that challenge both the individual’s postural control and 
their ability to maintain an upright position.

Gait and balance difficulties are commonly associated with the aging process 
that confers profound negative impacts on a person’s health and quality of life [22, 
51–53]. There are a number of individual disorders of aging that affect mobility and 
gait in older persons including loss of muscle mass and strength (e.g., sarcopenia), 
decreases in visual acuity, impairment in proprioception, and impairments in nerve 
conduction with a resultant loss of defense reflexes. In addition to these age-related 
physiological impairments, many chronic diseases and conditions such as arthritis, 
neurological problems, and cardiac and respiratory conditions often have marked 
effects on gait and balance [54, 55]. Not only physiological diseases and conditions 
themselves, but symptoms such as chronic pain, dizziness and reduced joint mobil-
ity may also contribute to an increased risk of falling [51].

In order to successfully walk (i.e., gait performance), a multitude of systems 
must work in coordination and harmony with one other [51, 56]. Because impair-
ments in different domains can alter this delicate system, it has been hypothesized 
that chronic conditions that increase fall risk such as visual or hearing problems, 
muscular weakness, osteoarthritis, or peripheral neuropathy could be identified 
through gait performance assessment [56]. Gait disorders are among the highest 
predictive risk factor for falls in older adults [5, 51, 56, 57].

In clinical practice, assessment of gait is recommended to identify significant 
risk factors that generate the individual’s increased fall risk. In addition to identify-
ing modifiable fall risk factors on which to build a plan to prevent future falls, it can 
help to diagnose rarer single treatable conditions such as myelopathy and normal 
pressure hydrocephalus which may be contributing to an individual’s fall risk.

One simple method of doing this is to routinely perform gait assessment as a 
regular clinical observation procedure. Formal testing in a gait laboratory with 
expensive equipment is not necessary, as gait assessments can be done in typical 
clinical and medical settings quite readily. However, the kind of high-tech analysis 
in gait laboratories might be useful in select cases such as when developing a spe-
cific rehabilitation strategy, measuring changes in gait quantitative markers, and for 
specific research purposes. A focused and careful observation of gait performance 
can detect subtle abnormalities and underlying impairments, which can thereby 
identify the pathologic process involved. Table 3.3 describes some of the common 

Table 3.3  Common 
symptoms of falls, abnormal 
mobility, and gait in older 
adults in relation to a 
performance-based evaluation

Symptom Potential cause

Difficulty rising from a chair Lower limb weakness
Osteoarthritis

Instability on first standing Postural hypotension
Muscle weakness

Instability with eyes closed Proprioception deficits
Decreased step height/length Parkinsonism

Frontal lobe disease
Fear of falling

3  Falls and Gait Disorders in Older Adults: Causes and Consequences



24

symptoms associated with falls and gait problems in older adults as well as their 
relationship to performance-based gait evaluation.

As depicted in Table 3.3, there is not a simple 1:1 relationship between symp-
toms and potential causes, as often a gait-related symptom has a multitude of poten-
tial causes—adding to the complexity of understanding the physiology of gait-related 
disorders.

Table 3.4 shows that gait impairments can be grouped into three major hierarchi-
cal categories as a function of the sensorimotor level involved.

Nutt and Alexander (1993) proposed this classification of gait disorders in older 
people based on sensorimotor levels [51, 58]. As illustrated in Table 3.4, lower level 
sensorimotor impairment can be attributed to joint and/or muscular problems and/
or peripheral nerve disease; lower extremity motor problems such as chronic pain, 
joint and foot deformities, or focal muscle weakness are prevalent in seniors and can 
lead to compensatory changes in gait. Evidence shows that up to 50% of ambulatory 
older patients seeking a consultation for gait impairment have joint or muscle prob-
lems in the lower limbs [59]. Further bolstering this finding was a systematic review 
of the literature finding that lower limb muscle weakness is significantly associated 
with falls and subsequent disability in older adults [60]. At a middle sensorimotor 
level, impaired ability to modulate sensory and motor control of gait occurs without 
affecting the ignition of walking; typical examples of this include gait disturbances 
due to PD or due to muscle spasticity associated with hemiplegia. At a high senso-
rimotor level, gait characteristic become less important, with cognitive impairment, 
poor attention, and fear of falling playing a more important role as risk factors for 
falls. This category includes “frontal gait” problems (sometimes referred to as 
“apraxic gait”), “ignition gait” disturbances, and the “cautious gait” due to fear of 
falling. Finally, because older adults may have deficits at more than one level, com-
binations of these levels are frequently observed. Among older adults who present 
with a gait disturbance, the cause may be easily identifiable, such as PD or a previ-
ous stroke with hemiparesis or with a neuropathic foot drop. However, for many 
older adults with impaired gait, identification of the underlying cause can be chal-
lenging. Even in specialized neurology clinics, the underlying cause remained 
“unknown” in up to 20% of patients attending for gait problems. This was the case 
even after diagnostic tools such as neuroimaging were used to try to identify the 
cause [53]. In addition to helping identify causes of falls, an additional value of gait 
assessments is to help rule out cardiovascular contributors to falls. It has been pos-
tulated that falls occurring from neurally-mediated cardiovascular causes may be 
expressed by a different mechanism, such that they do not necessarily pose any 
chronic effects on gait performance [57, 61]. Although the exact mechanism by 
which a neurally-mediated cardiovascular problem causes a fall remains unclear, 
there is growing clinical evidence for its association with unexplained falls [62]. It 
is therefore possible to observe older adults who present with recurrent falls but do 
not have gait problems in which case the consideration of cardiovascular causes 
should be prompted [63], and cardiac investigations such as tilt testing, echocar-
diography, and arrhythmia identification event recorders may be required.
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�Dual-Task Gait Assessments

As alluded to previously in this chapter, dual-task gait assessment has been pro-
posed and used as an instrument to detect the role of cognitive deficits in gross 
motor performance, gait stability and navigation, and in fall risk assessment. The 
unique feature of using dual-task gait assessments is that these tests can isolate the 

Table 3.4  Classifying common causes of gait disorders in older people according to hierarchic 
level categories

Level Deficit/condition Gait characteristic

Low Peripheral sensory ataxia: 
posterior column, peripheral 
nerves, vestibular and visual 
ataxia

Unsteady, uncoordinated (especially without visual 
input)

Peripheral motor deficit due 
to hip problems

Avoids weight bearing on affected side

Arthritis (antalgic gait, joint 
deformity)

Painful knee flexed
Painful spine produces short slow steps and decreased 
lumbar lordosis, kyphosis, and ankylosing spondylosis 
produce stooped posture

Peripheral motor deficit due 
to myopathy and 
neuropathic conditions 
(weakness)

Proximal motor neuropathy produces waddling and foot 
slap
Distal motor neuropathy produces distal weakness (foot 
drop)

Middle Spasticity from hemiplegia, 
hemiparesis

Leg swings outward and in a semi-circle from hip 
(circumduction)

Spasticity from paraplegia, 
paresis

Circumduction of both legs; steps are short, shuffling, 
and scraping

Parkinsonism Small shuffling steps, hesitation, acceleration 
(festination), falling forward (propulsion)

Cerebral ataxia Wide-based gait with increased trunk sway, irregular 
stepping

High Cautious gait Fear of falling with appropriate postural responses, 
normal to widened gait base, shortened stride, slower 
turning “in block”. Performance improve with assistance 
or evaluator walking on the side

Apraxic gait Slow gait with short steps due to loss of ability to 
properly use lower limbs for walking and other, 
particularly bilateral or abstract motor leg tasks. No 
apparent strength, cerebellar, proprioception, or 
vestibular loss

 Frontal-related gait Frontal gait disorder: short steps length with shuffling 
gait, like Parkinsonian, but with a wider base, upright 
posture, and arm swing presence. Gait Ignition failure: 
difficulty starting these patters has been associated with 
high white matter disease burden and normal pressure 
hydrocephalus

Source: Adapted with permission from Nutt et al. [58] and Alexander [51]
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roles of attention and executive functioning deficits in older adults who present with 
gait control deficits [47, 48, 64]. There is now an emerging body of evidence sug-
gesting that dual-task gait assessments can help identify risk of falls in an individual 
without previous falls [64].

During the dual-task assessment, individuals are asked to perform an attention-
demanding task while walking [65]. The underlying rationale for the use of dual-task 
gait assessments is that two simultaneously performed tasks interfere and compete 
for neuro-cortical resources [43]. Figure 3.3 describes how during cases in which 
attentional demands increase, walking relies more heavily on neural networks that 
exert higher cortical control. What is considered a “safe gait” occurs when there is 
more automatic control such that the individual needs to exert a low level of attention 
and their walk is characterized by low gait variability. Low gait variability simply 
refers to walking in a manner that is consistent between each stride. When attentional 
demands increase or when attentional reserves decrease, gait control becomes less 
automatic, requiring a higher level of attention to be recruited and the individual’s 
walk is then characterized by high gait variability. Given the simultaneous cognitive 
and motor demands of dual-task gait performance, these assessments can act as a 
brain stress test which detects impeding mobility problems and can identify the risk 
of falling. Individuals may alter their gait during dual-tasking (such as by slowing 
down)—a phenomenon termed “dual-task cost,” as it confers an increased cost with 
involvement of additional cortical and attentional resources while walking. The lit-
erature on dual-task cost’s ability to serve as a marker of future falls is mixed. This is 
partly due to the heterogeneity of studies, small sample sizes within individual stud-
ies, limited prospective fall ascertainment, and the lack of standardization in dual-
task procedures [66, 67]. Although clinically meaningful, cut-off values of dual-task 
costs for predicting falls are still controversial. Despite this, a growing body of evi-
dence supports the potential clinical utility of dual-task cost measures as a method for 
falls prediction. The advantages of using dual task gait assessments to predict falls 
are numerous, as these tests do not require costly equipment, they are not invasive or 
painful for patients, and they can easily be implemented in practice to provide a valid 
and sensitive means of assessing motor-cognitive interactions and fall risk. Recent 
studies indicate that a dual-task cost higher than 20% may suggest that individuals 
are at higher risk of falls—particularly when they sustain a gait speed of 95 cm/s or 
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Fig. 3.3  The interplay between gait performance, gait variability, attentional load, and risk of 
falls. Note: Green point in the figure (a) represents a more automatic gait that requires less central 
level of attention and is characterized by low gait variability. Red point in figure (b) represents a 
more instable gait that may occur when control relies more on a high level of attention and execu-
tive function, and is characterized by high gait variability
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faster. These findings highlight the sensitivity and predictive ability of this test in 
older adults who have a relatively normal gait velocity [66]. Despite these promising 
findings, Menant and colleagues (2014) conducted a systemic review and meta-anal-
ysis and were not able to find the additional value of dual-task gait as a predictor falls 
over single gait speed [68]. In contrast, a systematic review conducted by Muir-
Hunter and colleagues found that in the few studies where both single gait and dual-
task gait were assessed, dual-task gait showed added value in predicting future falls 
[69]. Taken together, it may be advantageous to conduct both single gait and dual-
task gait assessments in older individuals to predict future falls risk—as neither 
assessment is costly nor poses any risks to the individual completing the assessment.

�Falls Risk Assessment

Due to the high prevalence of falls in older people and the resulting serious conse-
quences, screening strategies to identify those at high risk of falls have been advo-
cated. A systematic approach has been proposed and recommended as the ideal falls 
risk assessment using the American Geriatrics Society, British Geriatrics Society, 
American Academy of Orthopaedic Surgeons algorithm [16].

Despite its utility, this algorithm is not perfect, as up to 20% of individuals 
deemed low risk by the algorithm (i.e., those who have not fallen in the past 
12 months) experience a fall in the following year. Moreover, 70% of these falls 
sustain enough injury to get medical attention [70].

In light of these findings, and based in a recent systematic review of current guide-
lines in fall prevention [71], we propose a modified approach, summarized in Fig. 3.4.

Older adults ≥ 65 years

Falls in Past Year?  

Individualized Interventions

• Educate patient 
• Address vision, cognition, and foot problems 
• Tailored strength, gait, and balance exercises 
• Tailored dual-task/cognitive training  
• Cardiovascular and/or hypotension treatment
• Manage medications/ Vitamin D supplementation 
• Optimize home safety 

1

Severe? No

Yes

Low Risk

No

Re-assess in One YearFollow in 30 to 90 Days

Multidisciplinary Comprehensive 
Geriatric Assessment

• Falls and medication history  
• Vision, hearing, proprioception
• Gait and balance  
• Musculoskeletal
• Neuro-cognitive
• Psychological/Fear of Falling
• Cardiovascular 
• Vitamin D intake 
• Fracture risk

No

Gait/Balance Instability?
(subjective and/or objective)

Yes

Moderate to High a Risk Yes

≥2

• Educate patient
• Asses Vitamin D intake 
• Physical activity/exercise

(involving lower limbs) 

Fig. 3.4  Proposed approach and algorithm to stratify and manage falls in older adults. Note: Gait 
and balance instability: subjective refers to positive answer of feeling unstable while walking, 
standing, or worries about falling. Objective refers to low performance in a gait/balance test. 
Severe fall: refers to injury or enough lesions to consult an ER (emergency room)
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Table 3.5  Cause of falls according to risk factor identification and grouped regarding potential 
management based on observational studies and clinical trials evidence

Domain 
assessed

Risk factor/
disease

Level of 
evidencea

Screen/
assessment Management

Neuromuscular Parkinsonism 
syndrome

Ia Gait velocity test 1. Supervised programs 
(structural gait retraining, 
balance, transfer and mobility 
interventions, progressive limb 
strengthening and flexibility 
exercises)

Balance and 
gait problems

Ia Get Up and Go 2. Provision of appropriate 
walking aids when needed

Lower extremity 
weakness

Ia POMA 3. Vitamin D and calcium 
supplementation

Medical Dizziness or 
vertigo

II History and 
examination, 
including review
of drugs, visual 
acuity 
assessment, 
echocardiograph, 
short Geriatric 
Depression Scale

1. Appropriate investigation 
and
 management of untreated 
medical problems

Visual 
impairment

Ib for 
cataracts, 
III for 
visual 
acuity

Peripheral 
neuropathy

n/a CAGE 
questionnaire

2. Review and modification of 
psychotropic drugs, other 
culprit drugs, and 
polypharmacy. Alcohol 
counselling if indicated

Psychoactive 
medication/
alcohol

Ia 3. Optical correction by an 
optician or referral to an 
ophthalmologist

Hip problems or 
deformity

n/a 4. Formal psychogeriatric 
assessment

Cognitive 
problems or 
depression

III

A comprehensive history of previous falls should be ascertained, as previous falls 
are a strong predictor of future falls, this is an easy step for commencing the algorithm. 
A complete and comprehensive fall evaluation for patients who present with a positive 
history of two falls or one fall with injury during the past year is required as they have 
an annual incidence of future falls of between 35% and 65%. Specifically, this evalua-
tion should include an assessment of balance and gait, visual acuity, and documentation 
of the individual’s medication history. This triad is considered of high predictive value 
for detecting older adults at a higher risk of future falls [16]. Next, the individual’s basic 
and instrumental activities of daily living, cognitive abilities, and environmental haz-
ards in the home should be reviewed in detail [72]. Further details on falls assessment 
in older adults with a history of falls are documented in Table 3.5. All this assessment 
to detect risk factors is part of the Comprehensive Geriatric Assessment (CGA).
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Because many older individuals who have not already fallen are at increased risk of 
falling, we strongly suggest conducting a gait and balance evaluation as a screening tool 
for all older patients as a component of their annual health visits [16, 25, 51, 56, 73].

Gait performance can be assessed in a multitude of ways, with the majority of 
validated tests in use today being a modification of a test first described by Mathias 
and Isaacs in 1986, namely the “Get Up and Go Test” [74]. The Get Up and Go Test 
was initially created to evaluate frail older persons with disabilities; it asks individu-
als to rise from a chair, walk 3 meters, turn around, walk back to the start point, and 
sit down. Podsialdo and Richardson (1991) incorporated a timed component to the 
test [75] and called it, the “Timed Up and Go Test”. Individuals at a normal to high 
functioning level tend to perform well on the task, and therefore a ceiling effect in 
the timing part of the test tends to occur [76]. Thus, for high functioning individuals, 
a shorter cut-off time of 12 seconds has been proposed [77]. In addition to modifica-
tions of the Get Up and Go Test, more complex tests such as the Performed Oriented 

Table 3.5  (continued)

Domain 
assessed

Risk factor/
disease

Level of 
evidencea

Screen/
assessment Management

Environmental Environmental 
fall hazards

Ia Occupational 
therapy: 
assessment of 
environmental 
fall hazards using 
a standard 
checklist

1. Home hazard modification 
using standard protocol

Footwear III 2. Advise to wear well-fitting 
shoes of low heel height and 
high surface contact

Multifocal 
eyeglasses

II Check footwear 3. Avoid multifocal eyeglasses 
while walking

Cardiovascular Orthostatic 
hypotension

Ia Cardiac 
evaluation 
including heart 
rate, morning 
orthostatic blood 
pressure, and 
carotid sinus 
massage supine 
and tilted 
upright, 
prolonged 
head-up tilt, if 
indicated

1. Advice on avoiding 
precipitants and modification 
of drugs

Postprandial 
hypotension

Ib 2. Postural hypotension: 
compression hosiery, 
fludrocortisone, or midodrine

Vasovagal 
syndrome

Ia 3. Cardioinhibitory carotid 
sinus hypersensitivity: 
permanent pacemaker

Carotid sinus 
hypersensitivity

Ib 4. Symptomatic vasodepressor 
carotid sinus hypersensitivity 
or vasovagal syncope: 
fludrocortisone or midodrine

aLevel of evidence based on reference [83] as following: class Ia, evidence from at least two ran-
domized controlled trials; Ib, evidence from one randomized controlled trial or meta-analysis of 
randomized controlled trials; II, evidence from at least one nonrandomized controlled trial or 
quasi-experimental study; III, evidence from prospective cohort study; IV, based on expert com-
mittee opinion or clinical experience in absence of other evidence
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Mobility Assessment (POMA) test and the Berg Balance Scale have been described 
and validated for assessing risk of falling in various scenarios [78–80].

Simple observational gait evaluations can also be conducted and include the fol-
lowing nine components: (1) initiation of gait, (2) step height, (3) step length, (4) 
step symmetry, (5) step continuity, (6) path deviation, (7) trunk stability, (8) walking 
stance, and (9) turning while walking [80]. Each component is scored as a binary 
variable with 1 for normal observations and 0 for abnormal observations. In simple 
gait observational evaluations, a total score can be calculated, with higher scores 
indicating a better gait performance.

Gait speed has also been demonstrated as a strong predictor of falls, even in high 
functioning older adults. Gait speed is measured as the time taken to walk a known 
and predetermined distance [56] with the participants being instructed to “walk at a 
comfortable and secure pace”. In situations in which older persons use an assistive 
device, interpretation of gait speed can be difficult [76]. Thus, gait and balance test-
ing need to be tailored to the population under evaluation. The Get Up and Go Test 
may be best suited for frail seniors in rehabilitation centers or long-term care settings. 
Conversely, for higher functioning older adults, gait speed may be a more appropriate 
tool. Once a gait problem has been detected with a quantitative test, it can be catego-
rized with clinical observation using the hierarchical classification (Table 3.4).

A single test of gait speed may serve as an initial step in a falls risk assessment, 
with different cut-off points depending on the population being evaluated. As an 
example, to predict future falls, a gait velocity cut-off of 1 m/s in community living 
seniors without disability can be used, a cut-off of 0.8 m/s can be used in older per-
sons with disabilities, and a cut-off of 0.6 m/s can be used in older persons living in 
nursing homes [51, 56, 57]. Dual-task gait testing is most useful in older adults who 
have a gait speed over 1 m/s or when subtle cognitive impairment is suspected to be 
contributing to poor motor control.

In addition to gait testing, it is also recommended to perform assessments of the 
risk of sustaining an injury. Important injury risk factors include a history of a previ-
ous osteoporosis fracture, the use of psychotropic medication, the presence of cog-
nitive impairment, sarcopenia, and impaired mobility [81]. This stepped approach 
to assessment is summarized in Fig. 3.4. Once an assessment is completed and an 
injury risk categorization has been determined, appropriate, and focused strategies 
and interventions can be implemented based on global recommendation for those 
with low risk, with tailored and individualized recommendations for those with 
moderate and high risk. It has been suggested that those with high risk should have 
a close follow -up at 30 to 90 days to evaluate the proposed plan or interventions 
deemed to reduce identified risk factors [82].

�Conclusion

In summary, falls are common among older adults and are often accompanied by a 
plethora of psychological, social, physiological, and medical consequences, even 
increased mortality. Due to the complexity of contributing factors to a given fall, it 
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is difficult to identify a specific target of falls, and a comprehensive and stepped 
approach is advocated. Increasing age, hospitalization, and a history of a previous 
fall are some factors that increase the risk of experiencing a future fall. Additional 
factors include cognitive deficits, the use of certain medications, and polypharmacy. 
Although previous falls are predictive of future falls, there is still a considerable 
number of older individuals who fall despite having no previous falls. In this chap-
ter, we recommend a careful and stepped approach to assess fall risk with gait and 
balance assessments for all older adults.

Older adults with previous falls need to have a comprehensive evaluation address-
ing all the potential factors described above. Gait and balance assessments are the 
domains that will yield more information for falls risk in those without a history of 
falls. If the patient has a previous history of falls, a comprehensive evaluation is 
needed. Certain cognitive aspects, including attention and executive function, need to 
be part of the fall risk evaluation. Although this chapter does not address interven-
tions, the stepped assessment proposed here will detect deficits that can be targeted 
with multifactorial or single interventions, such as medication modification, and resis-
tance and balance exercises. A logical treatment should emerge that involves a com-
bination of medical, rehabilitative, environmental, and psychosocial interventions.
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Chapter 4
Immobility Syndrome

Cynthia Irene Mariñansky and José Ricardo Jauregui

Traditional geriatrics focuses on aging-induced  functional alterations, which are 
usually referred to as “Geriatric Giants”. One of these “Giants” is the mobility fail-
ure, which includes falling, unsteadiness, or simply being stuck in a bed or chair. 
Mobility problems are important in failing independence, and one could even char-
acterize frailty as failure of cognition, failure of mobility, or both [1–4]. It is very 
important the interrelation between immobility syndrome and the rest of the Geriatric 
Giants, since immobility can encourage the emergence of the rest of the Giants, 
while they can induce or accelerate the immobility syndrome installation [2, 5]. For 
example, falls in older people can lead to fractures, which lead to immobility (frac-
ture of column, hip, etc.), but at the same time these falls and fractures can also be 
favored by the decrease in muscle mass and bone density secondary of a prolonged 
immobility [6, 7].

Immobility is a common problem which involves a great number of diseases in 
older individuals, and frequently produce disability, being associated with func-
tional decline, increased risk of nursing home placement after discharge, and medi-
cal complications such as deep venous thrombosis, urinary incontinence, pressure 
sores, joint contractures, cardiac deconditioning, muscle weakness, and falls [2, 7].

Enforced bed rest and immobility are abetted by high beds, intravenous lines and 
catheters, and both physical (vest, belts, mitten, jacket, and wrist) and chemical 
restraints that are often used to prevent disruption of treatment and prevent falls. 
Frequently, they cannot be prevented, but many of its adverse effects may be reduced 
with simple interventions in order to improve mobility. To enhance patient mobility, 
physical therapy or graded exercises should be prescribed on the first hospital day, 
particularly for bed-bound and severely deconditioned patients [7].
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The functional evaluation of older individuals has particular importance in those 
with reduced mobility. It is necessary to determine the basic and instrumental activi-
ties of daily life that the individual is able to do by himself, in order to obtain an 
overview of his situation. It is also highly likely that such activities will worsen in 
the short term as disable status is maintained [8–10].

It is still certain that the complicated factors involved in clinical mobility prob-
lems require the efforts of multiple professionals, as well as a fair amount of time 
and attention to every detail. The main strategy against the immobility syndrome is 
to avoid or to delay their installation – evolution; for this reason, when the older 
patient is still able to walk, it is of major importance to perform an evaluation to the 
patient’s posture, march (gait speed, length of the step, etc.), visual-auditive capac-
ity, and environment (lighting, rugs, stairs, etc.) in order to detect, correct, or dimin-
ish risk factors for immobility installation [9, 10].

Inactivity was defined as the inability to leave the home oneself at least twice a 
week. Considering all the non-cardiac risk factors studied, inactivity was found to 
be the strongest single predictor of death. Preoperative functional deficits contribute 
to postoperative immobility, associated to complications such as atelectasia and 
pneumonia, venous stasis and pulmonary embolism, pressure ulcers, and multisys-
tem deconditioning [10, 11].

Untreated or undertreated postoperative pain can have a significant negative 
impact on the recovery of the older patient following surgery. Pain causes tachy-
cardia, increases myocardial oxygen consumption, and may lead to myocardial 
ischemia. Because pain is exacerbated by moving, undertreated pain results in 
immobility, with all the sequel of prolonged bed rest, including pressure ulcers, 
thromboembolic disorders, and the decline associated with deconditioning 
[10–12].

Deconditioning, which usually can be traced to excessive bed rest in the home or 
institution, is a common geriatric phenomenon. It is an important clinical entity 
characterized by depression and lethargy, anorexia and dehydration, neuromuscular 
instability, decreased bone density, muscular weakness and incoordination, altered 
bladder and bowel function with retention and constipation, and urinary and fecal 
incontinence. Deconditioning leads to further functional decline despite improve-
ment in the acute illness. After surgery, the recovery period of deconditioning can 
be three or more times longer than the period of immobilization that led to the 
decline [8, 11].

In the acute hospital, patients should have orders for regular out of bed activi-
ties, be encouraged to walk to diagnostic studies if possible, and be taught bed and 
chair exercises if their mobile capacity is limited. If they do not stress their cardio-
pulmonary or muscular systems, the presence of deconditioning may go unno-
ticed [9].

Immobilization can lead to delirium and functional decline within just a few 
days, yet physicians routinely order bed rest or no activity, often without medical 
justification [2–4].
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�Epidemiology and Causes

Immobility increases with age. Eighteen percent of those over 65 have problems 
moving without help, and after 75 years more than 50% have problems leaving their 
home, of which 20% are confined to their home. To understand the importance of 
severe functional impairment of immobilization, it is enough to say that 50% of 
older individuals  who become immobilized in an acute manner die within 
6–12 months. Its main causes are as follows [1–5, 13, 14]:

�Physical

–– Acute illnesses: Urinary tract infections, pneumonia, dehydration, diabetes mel-
litus complications

–– Musculoskeletal disorders: Degenerative joint disease: arthritis, osteoporosis, 
Paget’s disease, hip and femur fractures, podiatric problems such as bunions, 
calluses, onychomycoses that cause pain and inability to walk

–– Neurological disorders: Instability problems, about half the individuals who suf-
fer a stroke have residual deficits for which they require assistance, Parkinson’s 
disease in its later stages, cerebellar dysfunction and neuropathies

–– Cardiovascular disease: Severe congestive heart failure, coronary artery disease 
(frequently with angina), peripheral vascular disease, especially in older diabet-
ics who suffer claudication, which limits ambulation and may result in lower 
extremity amputations

–– Pulmonary disease: Severe chronic obstructive lung disease
–– Sensory factors: Impairment of vision

�Psychological

–– Fear of falling: Especially in those with a history of instability and previous falls, 
or with impaired vision that can lead to a bed-and-chair existence

–– Depression: With its most common manifestation which is decreased mobility

�Environmental

–– Forced immobility (in hospitals and in nursing homes), inadequate aids for 
mobility

4  Immobility Syndrome
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�Iatrogenic Causes

Medication (anti-hypertension drugs, hypnotics, sedatives, neuroleptics). 
Hospitalization.

�Others

–– Deconditioning (after extensive bed rest from acute illness)
–– Malnutrition
–– Severe systemic illness (widespread malignancy).
–– Pain

�Complications

Prolonged bed rest or inactivity has the following main adverse consequences [2, 
5–8, 14–16].

–– Endocrine and metabolic effects
Impaired glucose tolerance, diminished plasma volume. Immobilized patients 
also tend to have lower values of plasma sodium (compared to healthy individu-
als),  and even hyponatremia (natremia <135  mmol/L). This  phenomenon has 
been attributed to a greater retention of free water. Despite this, serum concentra-
tions of other electrolytes, as well as glomerular kidney function are not signifi-
cantly affected in this syndrome.

–– Reduction of calcium balance
As a consequence of this, bone density is reduced, predisposing it to fractures 
when the patient is mobilized. In addition, there is an altered body composition 
(decreased plasma volume), and an altered drug pharmacokinetics.

–– Psychological consequences
Because of the sensory deprivation, and as they do not receive environmental 
stimulation, patients often become depressed, deconditioned, and they may pres-
ent delirium, and seemed to be demented.

–– Skin and the musculoskeletal system
Pressure sores and muscle weakness and atrophy, as well as contractures  are 
frequently observed. Decubitus ulcers, resulting from a protracted prostration, 
are relatively frequent in the institutional field, although its appearance can be 
avoided with adequate health care: Pneumatic mattresses, hydro gel in 
affected areas, patches of support, etc.

–– Cardiopulmonary complication
The combination of deconditioned cardiovascular reflexes and diminished 
plasma volume can lead to serious postural hypotension, which  can impair 

C. I. Mariñansky and J. R. Jauregui



41

rehabilitative efforts. Deep venous thrombosis and pulmonary embolisms are 
well-known complications. Immobility also impairs pulmonary function: atelec-
tasis may occur, and, when combined with the supine position, it predisposes the 
development of aspiration pneumonia. The bedridden patient suffers a reduction 
in ventilatory volume, with an increase in the volume of respiratory secretions. A 
cough reflex decreased worsens their elimination, favoring the development of 
serious lung infections (aspiration pneumonia).

–– Gastrointestinal tract and urine flow are slowed down
This predisposes constipation, fecal impaction, the appearance of urinary tract 
stones and infection. It also produces fecal and urinary incontinence.

�Assessing

The biology of gait and balance ages normally, but the whole system can become 
deconditioned through disuse and can be damaged by illness or injury. There are 
several aspects of the medical history and physical examination which are important 
in the assessment of immobile patients that should be inquired [9, 13]:

–– Extent and duration of disabilities causing immobility.
–– The underlying medical condition that influences mobility.
–– Medications should be reviewed in order to eliminate iatrogenic problems.
–– Psychological factors such as depression may cause immobility and be an obsta-

cle to rehabilitation.

The main complications, grouped by importance in the immobilized older 
patient, are as follows:

Organic complications: Atrophy of the musculature. Contractures and joint 
ankylosis. Pressure sores. Deep venous thrombosis. Pulmonary embolism. 
Constipation and fetal impaction. Sphincter incontinence. Sensory deprivation. 
Cardiorespiratory complications are less frequent than musculoskeletal com-
plications, but the former compromise the patient’s life to a greater extent.

Psychological complications: Depressive disorders. Delirium syndrome 
(psychomotor regressive behavior). Fear of falling

Social complications: Social isolation. Decreased self-esteem. Incapacitation 
in self-care. Institutionalization
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–– Environment: Inadequate aids for mobility should be modified, and some mea-
sures must improve the patient’s mobility.

–– Physical factors to assess:

1.	 The skin: In order to identify early pressure sores.
2.	 Cardiopulmonary status: Intravascular volume and postural changes in blood 

pressure and pulse.
3.	 Muscle tone and strength.
4.	 Testing of joint range of motion.
5.	 Podiatric problems.
6.	 Standardized measures of muscle strength can be helpful in gauging a 

patient’s progress.
7.	 Hemianopsia, inattention to one side of the body (neglect), and various aprax-

ias are common after strokes.

When comprehensively assessing a frail old person, or anyone who is unsteady, 
or unable to walk, a specific gait and balance evaluation needs to be added to the 
usual repertoire. If there is a “mini mental status examination of mobility”, it may 
be the “get up and go test”: the patient is seated in an armless chair, three meters 
from a wall. He or she stands, walks,(with walking aids if usually used) towards the 
wall, turns without touching the wall, returns to the chair, turns, and sits down again. 
With this test, the physician will know if it is necessary to prescribe walking aids, 
then by looking at the pattern of movements, he will see if remediable causes of 
mobility failure are present: pain, Parkinson’s disease, vision problems, unsafe foot-
wear, or postural dizziness.

�Rehabilitation

It is essential restoring function and preventing further disability in immobile older 
individuals, and usually requires a team effort. The setting of realistic goals, treat-
ment, and repeated measures of functional abilities that are relevant to the patient’s 
environment are part of the rehabilitation process [14]. Physical therapy in the man-
agement of immobile older patients implies to achieve the following objectives:

–– Relieve pain.
–– Evaluate, maintain, and improve joint range of motion.
–– Evaluate and improve strength, endurance, motor skills, and coordination.
–– Evaluate and improve gait and stability.
–– Assess the need for and teach the use of assistive devices for ambulation (wheel-

chairs, walkers, canes).

The abovementioned objectives can be achieved through different therapeutic 
modalities:

–– Exercise active and passive
–– Heat
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–– Hydrotherapy
–– Ultrasound

�General Care

•	 Prevention of skin problems:
–– The appearance of pressure ulcers is one of the most serious complications in 

the immobilized patient. To assess patient’s risk, you can use the Norton 
Scale. In this sense, the preventive activities to be carried out are:

•	 Postural changes:
–– They should follow a certain rotation, always respecting the same posture and 

body alignment. Make the changes carefully, without dragging the patient, 
avoiding shear and friction forces. Distribute the body weight equally in order 
to avoid muscle aches due to compensation contractures.

In lying patients should be done every 1–2 hours, to minimize the effects 
of continued pressure on bone prominences.
In seated patients they will be performed every 10 minutes, lifting it for 
10 minutes, to avoid the appearance of pressure ulcers at the sacrum.

•	 Hygiene:
–– With water and neutral soap and a soft sponge, followed by a good rinse and 

perfect drying (especially the folds). The bed and/or chair will be clean, dry, 
and without any foreign objects (breadcrumbs). The sheets should be soft and 
not wrinkle. The room should be well ventilated and at the right 
temperature.

•	 Massage:
–– Activate circulation, promotes muscle relaxation, stimulates sensitivity and 

facilitates the relationship. It also helps to maintain the body scheme. It should 
be done gently, gently moving the skin and subcutaneous cellular tissue by 
wide circular movements (kneading) or pinching and releasing the muscle 
plane with the fingers again. You can use a moisturizer.

–– Padded in areas of higher pressure, such as elbow, knee, sacrum, trochanters, 
scapulae, etc.

•	 Supply of liquids and food:
–– Avoid protein deficits. Recommend an intake of 1–1.5 liters of water per day. 

A contribution of vitamin C (1 g per day in established ulcers) and Zn (15 mg/
day) in the diet is advisable, although the supplements have not been shown 
to improve healing.

•	 Prevention of musculoskeletal complications:
–– You should pay attention to posture and body alignment, as well as to perform 

early movements through active or passive exercises, depending on the 
patient’s situation.
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•	 Prevention of cardiovascular complications:
It should control blood pressure and heart rate for rhythm disturbances, as 
well as avoid pulmonary embolisms and phlebitis.

•	 Prevention of respiratory complications:
–– The stagnation of mucus is a problem to prevent. In order to avoid it, you 

should follow these recommendations:
	 In bedridden patients, it is advisable to keep the head of the bed elevated, 

perform respiratory physiotherapy, inform the patient that he/she must per-
form deep inspirations, cough, and expectorate. Sometimes it will be con-
venient to use aerosols, and it is advisable to drink plenty of liquid to 
fluidize the secretions and favor their expulsion.

	 In the case of poorly collaborated or severely disabled patients, we can 
establish postural drainage early, whose purpose is the passive elimination 
of secretions from the specific bronchial area, by placing the patient in 
postures in which gravity acts. To be effective, these positions must be 
maintained for 20–30 minutes and repeated a minimum of three times a 
day. You can also use percussion or clapping, which only has an effect on 
mass-organized mucus. Percussion should be gentle, taking into account 
osteoporosis and pain.

•	 Prevention of gastrointestinal complications:
–– Constipation is a very frequent problem. As a general rule, the diet should be 

sufficient, balanced, rich in fiber, varied, easily ingested, digested, and 
absorbed. You should also:
	 Check the condition of the mouth (dentition, poorly coupled prosthe-

ses, etc.).
	 Boost food out of bed and in company to prevent anorexia.
	 Incorporate the bedridden patient to avoid bronchoaspiration problems.
	 Promote a time pattern of defecation and preserve their privacy.

•	 Prevention of genitourinary complications:
–– The most pressing problem is incontinence, as well as incomplete bladder 

emptying, as they will favor urinary infections and stone formation. It is 
important:
	 Maintain an adequate position in urination and privacy conditions.
	 If there is incomplete emptying, voluntarily recommend contracting the 

abdominal wall or exerting manual pressure on it.
	 In case of incontinence, perform detrusor training exercises, such as Kegel 

exercises (start urinating and stop doing so several times during a normal 
evacuation).

•	 Prevention of psychological problems:
–– You should favor the expression of feelings and encourage the sharing of 

emotions.
–– Maintain motivation by setting accessible objectives in the short and medium 

term. Promote visits and conversation.
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�Conclusion

Immobility syndrome is one of the main geriatric syndromes, and is tightly related 
with the rest of them. Hence, older individuals require careful evaluation for this 
syndrome and the provider should ensure that both its prevention and early treat-
ment are carried out.
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Chapter 5
Delirium

Angel Golimstok and Victor Gastón Moreno-Milicich

�Introduction

Delirium is a serious acute condition, which consists of a cognitive and behavioral 
disorder, mainly affecting older people in hospitals. In this disorder, attention, work-
ing memory, and consciousness are mainly impaired [1, 2]. Clinically, it is charac-
terized by acute onset and fluctuating course, with behavioral abnormalities 
(DSM-5) [3].

Delirium is highly prevalent, affecting between 14% and 24% of acute hospital 
admissions [4], and involves long hospital stay, large health expenses, deterioration 
of functional performance, cognitive impairment, and increased mortality [5–8]. 
Three clinical variants have been recognized, one hyperactive, another hypoactive, 
and a mixed one [9].

The hyperactive variant shows increased motor activity, agitation, anger, or 
euphoria. In patients with hypoactive delirium, the most prominent findings are 
decreased motor activity, anxiety, fatigue, amotivational symptoms, and depres-
sion [10].

Obviously, the mixed variant is composed of both hyper- and hypoactive symp-
toms in identical proportion, with difficulty to characterize clinically as one of the 
two extreme variants. Although many clinicians think that hyperactive delirium is 
the most frequent, this clinical variant was described representing only 25% of cases 
[11, 12].
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�Risk Factors and Triggers for Delirium

Despite delirium having high importance on older individual health and its costs of 
care, it still remains poorly understood.

In a cohort analytic study performed in 1992, Schor et al. showed [13] indepen-
dent risk factors for in-hospital delirium. The most important of them was prior 
cognitive impairment and also included others as fracture on admission, age over 
80 years, symptomatic infection, male sex, and both neuroleptic and narcotic use.

Inouye et al. [14] published in 1993 a study of a prospective cohort, identifying 
four independent baseline risk factors as a higher level of urea/creatinine ratio, cog-
nitive impairment, visual impairment, and severe illness.

A meta-analysis of Ahmed et al. in 2014 [15] identified 11 studies that investi-
gated risk factors for incident delirium in older people with acute medical admission. 
Ten risk factors statistically associated with incident delirium were found: dementia, 
comorbid physical illness, severity of physical illness, poor activities of daily living 
(ADL) function, urinary catheterization, polypharmacy, low albumin, urea/creati-
nine ratio abnormality (azotemia), low or high sodium, and prolonged hospital stay. 
Their pooled analysis confirmed statistically significant associations for dementia, 
illness severity, urinary catheterization, polypharmacy, albumin level, and length of 
hospital stay. They did not find male gender, depression, and abnormal sodium level 
as significant risk factors, but this may be due to methodological factors.

In addition to risk factors, it is important to know the delirium triggers. These 
triggers or precipitants are often multifactorial events. We can classify the triggers 
in those that occur during hospitalization and those in outpatients.

The former described were the use of physical restraints, malnutrition, polyphar-
macy, urinary catheter, iatrogenic origin [16], acute renal impairment [17], and psy-
chotropic treatment [18]. The outpatient precipitants were less studied, but infections 
and falls are the most frequent seen in the daily clinical experience.

The possibility of accurately predicting risk of developing delirium would help 
to improve preventive measures. In this direction, efforts have been carried out to 
quantify that presumable risk.

In a recent review of risk-stratification models, the authors found multiple and 
heterogeneous validated predictive models lacking replication and concluded that 
further research is needed to support a tool to predict inpatient delirium [19].

�Clinical Characteristics of Delirium

Delirium usually begins as an acute or subacute deterioration in behavior, cogni-
tion, or general function, with high frequency in older individuals and demented 
or depressed patients. The patient often develops a change in consciousness with 
frequent difficulty to focus on environmental stimuli, in a short period of time 
(in hours). This is particularly evident during the clinical interview. Symptom 
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fluctuation along the day is very often with improvement in the daytime and a 
peak of alteration at night.

Disturbance of the sleep-wake cycle with insomnia, daytime drowsiness, or dis-
turbing dreams or nightmares can also occur. Patients are generally disoriented in time 
and space, as well as situationally confused. This disorientation generates false beliefs 
or thinking, misinterpreting the environment and the actions that surround them. 
Sometimes the patient with delirium suffers visual and auditory hallucinations, seeing 
or hearing things that are not present, trying to pick up things in the air, or speaking to 
somebody who is not there. The aggressive behavior that is frequently seen in these 
patients is caused by a lack of understanding of their situation, ignoring that they are 
admitted to the hospital. Delirium in hospitalized patients may result in a fall or injury, 
self-removal of catheters, or intravenous tubing or bronchoaspiration.

Emotional disturbances are very often, leading to mood impairment, anxiety, 
fear behavior, and irritability.

Patients may have persecutory delusions as well as grandiose delusions, very 
frequently, secondary to hallucinations. Some patients are at risk of self- or hetero-
aggression. Therefore, they should be monitored very closely. The mental status in 
these patients consists in most cases of a bedside interview assessment that charac-
teristically fluctuates. Patient’s appearance, orientation, short- and long-term mem-
ory, mood, behavior symptoms (especially the presence of hallucinations, delusions, 
and aggressive behavior), and judgment must be evaluated.

In hyperactive variant of delirium, there is an increased state of arousal, psycho-
motor abnormalities, and hypervigilance. Conversely, in hypoactive delirium, we 
can find a less active and sleepy patient. Hypoactive delirium sometimes is misdiag-
nosed as depression.

A subsyndromal delirium with a prevalence of 30–50% in intensive care units 
has been described as the presence of some core diagnostic symptoms that do not 
meet the criteria for diagnostic threshold. We should also consider a prodromal 
phase that can last from a few hours to days before a full syndrome of delirium 
becomes diagnosable. During this phase, the patient has sleep disturbances, vivid 
dreams, and anxiety [20, 21].

�Diagnosis

The diagnosis is based on clinical features, and we can use DSM-5 diagnostic crite-
ria for delirium [3].

�DSM-5 Criteria

	(a)	 Disturbance in attention (i.e., reduced ability to direct, focus, sustain, and shift 
attention) and awareness (reduced orientation to the environment).
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	(b)	 The disturbance develops over a short period of time (usually hours to a few 
days), represents an acute change from baseline attention and awareness, and 
tends to fluctuate in severity during the course of a day.

	(c)	 An additional disturbance in cognition (e.g., memory deficit, disorientation, 
language, visuospatial ability, or perception).

	(d)	 The disturbances in Criteria A and C are not better explained by a preexisting, 
established, or evolving neurocognitive disorder and do not occur in the context 
of a severely reduced level of arousal such as coma.

	(e)	 There is evidence from the history, physical examination, or laboratory findings 
that the disturbance is a direct physiological consequence of another medical 
condition, substance intoxication or withdrawal (i.e., due to a drug of abuse or 
to a medication), or exposure to a toxin or is due to multiple etiologies.

A meticulous complete medical history is mandatory, and to assess the patient, a 
complete physical examination including a mental status examination is necessary.

Impaired attention can be evaluated with bedside tests such as reciting the days 
of the week or months of the year backwards. The patient can be asked to subtract 7 
each time starting at 100.

Other diagnostic instruments are the Delirium Symptom Interview (DSI) and the 
Confusion Assessment Method (CAM).

Delirium symptom severity can be assessed by the Delirium Rating Scale 
(DRS) [22].

At the time of admission to the hospital, if the older patient does not have a his-
tory of dementia or cognitive impairment, the MoCA is useful to identify patients at 
high risk for in-hospital delirium [23].

The Confusion Assessment Method for the Intensive Care Unit (CAM-ICU) is 
suitable to identify delirium in critical care patients, especially patients on mechani-
cal ventilation. The CAM-ICU is based on nonverbal assessments to evaluate the 
features of delirium [24].

A meta-analysis showed a sensitivity of 75.5% and specificity of 95.8% for 
CAM-ICU, suggesting that this test is very specific to be used for diagnosing delir-
ium in ICU patients [25, 26].

Laboratory tests are very useful to determine the causes of delirium and rule out 
other pathologies.

The calcium-binding protein S-100 B could be a potential serum marker of delir-
ium, because a high level of it was described in patients with delirium [27].

Neuroimaging (brain CT scan or MRI) is helpful to rule out other pathologies 
and determine a structural etiology.

Electroencephalogram should be done when an epilepsy disorder or a prion dis-
ease is suspected.

Chest radiograph is used to diagnose pneumonia or congestive heart failure.
Lumbar puncture is needed to diagnose an inflammatory disease in central ner-

vous system (CNS).

A. Golimstok and V. G. Moreno-Milicich



51

�Etiology

As we described above, etiology of delirium is multifactorial. Medical disor-
ders, intoxication, or polypharmacy can cause delirium. The potential cause 
should be clarified in order to find a reversible contributor to the confusional 
syndrome.

�The Most Common Potential Reversible Causes Include 
the Following

•	 Hyperthermia
•	 Hypoxia
•	 Hypoglycemia /hyperglycemia
•	 Anticholinergic medications
•	 Intoxication with alcohol, drugs, or psychotropic medication
•	 Benzodiazepine withdrawal
•	 Infections
•	 Metabolic abnormalities
•	 Postoperative states
•	 Urinary retention

�Partially Reversible or Not Reversible Causes

•	 Acute structural lesions of the brain
•	 Confusional state in dementia
•	 Stroke
•	 Craniocerebral trauma
•	 Vitamin deficiency
•	 Primary or metastatic brain tumors
•	 Brain abscess
•	 Hepatic or renal failure
•	 Thyroid and parathyroid dysfunction
•	 Hypertensive encephalopathy
•	 Encephalitis

Finally, it is interesting to note that underlying dementia is observed in about 
half of the cases. The presence of dementia increases the risk of delirium two to 
three times.
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�Differential Diagnoses

Although according to DSM-5 criteria, it is necessary to exclude delirium in order 
to diagnose dementia reliably, both entities can be mistaken. In reality, both entities 
can coexist and this is very frequent as we indicated previously. These syndromes 
can be clinically differentiated, because the delirium is acute onset, shorter in time, 
usually reversible, and secondary to some clear precipitating cause. Symptoms of 
depression are frequent during episodes of delirium, and the hypoactive variant of 
delirium can be misdiagnosed as depression. Differentiation between both disorders 
is performed clinically, considering level of consciousness is normal in depression, 
remembering that up to 42% of patients referred to psychiatry services for sus-
pected depressive illness in the hospital may have delirium.

In addition, delirium may also have to be differentiated from psychotic diseases, 
but in delirium, there is not usually a previous history of serious psychiatric illness. 
Furthermore, the onset of symptoms of delirium is acute or subacute, most of hal-
lucinations are visual, and the patient has impairment in level of consciousness.

�Delirium Pathophysiology

To date, the delirium pathophysiology is still unclear. As we suggest above, delirium 
is the result of an interaction of vulnerabilities related to the risk factors, with a trig-
ger or precipitant. This interaction leads to neuroinflammation. When the triggers 
generate a central insult, as in the case of acute structural lesions of the brain, obvi-
ously, neuronal disruption is the consequence. In the case of peripheral triggers, 
such as urinary retention or an infection, an indirect interaction through peripheral 
inflammation is generated. Both these mechanisms boost a central inflammatory 
change with modifications in neurotransmitter action and brain dysfunction.

A recent systematic review analyzed potential rodent models of behavioral and 
cognitive processes to clarify the pathophysiological processes in delirium.

The authors demonstrated that older individuals and sick rodents develop cogni-
tive and behavior deterioration. The same mechanisms could generate the clinical 
symptoms of delirium in humans. These symptoms were related to systemic inflam-
mation and a greater production of CNS inflammatory cytokines. The CNS changes 
observed in systemic inflammation were replicated by administration of various 
agents including lipopolysaccharide (LPS), SEA, poly I:C, IL-1b, bacterial infec-
tion, or multiple types of surgical intervention [28].

In previous reports taken into account by this review, a mild LPS dose injected 
to both old and younger adult rodents showed an increased IL-6 peripheral inflam-
matory response in the old group compared to the younger one [29, 30]. Similarly, 
a clinical study reported in the discussion of that review showed that aged patients 
that received surgical treatment had higher IL-6 serum levels compared to middle-
aged surgical patients [31]. Infection and surgery are the most common precipitants 
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of delirium, and they activated immune cells such as macrophages increasing pro-
inflammatory cytokines [32]. These pro-inflammatory cytokines elevated in asso-
ciation with delirium in acute hospitalized patients are IL-6 and IL-8 [33, 34]. 
The anti-inflammatory cytokine IL-10 was considered to play a role in a poten-
tial cytokine imbalance involved in delirium with a negative association with 
TNFα+IL6 + IL8 [35].

Another proof of the association between delirium and peripheral inflammation 
is that C-reactive protein (CRP), an acute-phase protein with similar actions to pro-
inflammatory cytokines and properties of a marker of peripheral inflammation, 
raised in its level associated with delirium according to some reports [36, 37].

The association between peripheral inflammation and central inflammation leads 
to the pathophysiological mechanism called “immune to brain communication” 
which contributes to understanding of delirium. It is necessary to understand the 
mechanisms implicated in the link between peripheral and central inflammation. In 
2008, Dantzer et  al. [38] described the pathways that transduce immune signals 
from the periphery to the brain.

One of them is the neural pathway, through the activation of primary afferent 
nerves such as the vagal nerves during abdominal and visceral infections and the 
trigeminal nerves during oro-lingual infections. Another one is the humoral path-
way involving circulating pathogen-associated molecular patterns (PAMPs) that 
reach the brain at the level of the choroid plexus and the circumventricular organs. 
PAMPs induce the production and release of pro-inflammatory cytokines by 
macrophage-like cells expressing Toll-like receptors (TLRs). It is possible to 
include an increase in blood-brain barrier (BBB) permeability too. This last 
mechanism is expressed through cytokine release which promotes leucocyte acti-
vation and substance release which leads to a subsequent increased BBB 
permeability.

The delirium biomarker S100β is a cytokine derived from activated glial cells 
and is a marker of neuronal damage and BBB abnormal permeability. More recently, 
some reports published higher S100β association with delirium in urinary infections 
and in hip fracture patients [39, 40]. The microglia activation is the source of neu-
roinflammation through cytokine release. The delirium precipitants are triggers of 
neuroinflammation, which induce the microglial cell raise and activation.

The microglial cell activation occurs through Toll-like receptor 4 (TLR4) and 
the release of pro-inflammatory cytokines [41]. Infections and other causes of 
delirium interact with TLR4 leading to an increase in released cytokines. Delirium 
risk factors are responsible for the patient’s vulnerability that allows a fertile ground 
for the above-described mechanisms. These mechanisms are only hypothetical 
because evidence in humans is lacking and the actual knowledge is based on rodent 
studies.

Central inflammation mechanisms are less known than peripheral mechanisms in 
delirium. Postmortem studies in delirium patients showed hippocampal ischemic lesions 
[42]. An increase of cerebrospinal fluid (CSF) cytokines, a marker of CNS inflamma-
tion, was reported as a risk predictor of delirium in the postoperative hip fracture [43].
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�Delirium in Patients with Chronic Kidney Disease

Delirium is a common cause of morbidity and mortality among patients with 
chronic kidney disease (CKD). People with end-stage kidney disease (ESKD) are 
at high risk of delirium as a comorbidity, and it is understandable for the fact that 
an imbalance in electrolytes, brain adequate nutrients, and hormone alteration are 
associated with both problems. In addition, chronic renal failure is related to the 
potential toxic accumulation of substances that can produce delirium. All these fail-
ures are more frequent in older individuals receiving multiple medications or suf-
fering from cognitive or behavior impairment and sensory deficit. Patients with 
renal failure without treatment, inadequate dialysis, transplanted kidney failure, 
post-dialysis decompensation, infections, and hyperparathyroidism suffer fre-
quently delirium.

Among the types of delirium, there are two most frequent in this group:

	1.	 Uremic encephalopathy. It is a syndrome associated to untreated ESKD.  The 
patients usually show initially lethargy and confusion, with natural progression 
to seizures and/or coma. Neurologic features are common, such as tremor, myoc-
lonus, or less frequently asterixis. The reversion of the clinical syndrome could 
be reached with renal replacement treatment.

	2.	 Dialysis decompensation or disequilibrium. It is related to the beginning of the 
dialysis treatment sessions. Older patients are more vulnerable to this syndrome 
seen in acute hemodialysis (HD) and even in peritoneal dialysis (PD) and chronic 
HD. The patients usually present symptoms of headache, nausea, agitation, and 
sometimes lethargy, seizures, or coma.

Some reports showed that the process of dialysis may contribute to cognitive 
impairment secondary to large shifts in fluid and urea or through cerebral hypoper-
fusion and hypoxia with changes in circulating volume [44, 45].

There are very few studies that compare PD and HD consequences on cognitive 
changes. Some studies suggested advantages of PD over HD, considering that PD 
induces less frequently hypotension than HD. PD might be associated with better 
cognitive function secondary to cerebral oxygenation and carotid blood flow, but 
these findings need more evidence from future studies [46–48].

In patients with CKD, there is a greater susceptibility to delirium associated with 
cerebrovascular disease, an underlying metabolic and fluid disturbance during dial-
ysis, a high rate of sensory loss, polypharmacy, or increased rate of hospitalization. 
Potentially toxic metabolites generated by changes in metabolism and clearance of 
certain drugs may precipitate delirium in patients with CKD. Among the drugs and 
medications that can produce delirium in CKD, antibiotics, analgesics, and opioids 
are the most common precipitants [49, 50].

Additionally, acute kidney injury (AKI) was reported to be associated with 
hyperactive delirium [51], but these results require confirmatory studies.
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�Treatment

Once the diagnosis of delirium is suspected or confirmed, it is necessary to deter-
mine the precipitant of the condition and, if possible, solve it. In the management of 
this syndrome, there are two types of actions: supportive treatment and pharmaco-
logical therapy.

In general terms, the hydration, nutrition, and the metabolic compensation of the 
patients must be managed by resolving all the internal alterations detected and 
finally treating his/her symptomatology.

Reality orientation therapy is advisable, but healthcare personnel have the respon-
sibility of providing person-centered and sensitive care to the needs of the older 
people, remembering that this age group is the one who suffers this disorder more 
frequently. The environment should be stable, quiet, and well-lighted [52]. Logically, 
both visual and auditory sensory deficits should be resolved, with the necessary 
accessories available. Support from a multidisciplinary team should be suggested.

The permanent presence of the caregiver of the patient with delirium during hos-
pitalization is a very important measure to avoid physical restrictions that stress the 
person and worsen the clinical picture. Another reason to suggest the permanent 
caregiver presence is to enable permanent reorientation of patient.

�Preventive Measures

A patient care program should include the following:

•	 Ensure that the patients would not be sensory deprived and have the necessary 
accessories that they usually use.

•	 Keep the sleep-wakefulness rhythm.
•	 Prevention of pain.
•	 Early mobilization.
•	 Follow-up and treatment of postoperative complications.
•	 Monitor and help to optimal hydration.
•	 Provide the necessary nutrition.
•	 Sphincter control monitoring.

�Pharmacological Therapy

In patients with hyperactive delirium with a higher risk of injury to other people or 
to themselves, treatment with medications should be started. Usually, second-
generation antipsychotics medications are useful and better than other strategies [53].
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A recent review concluded that benzodiazepines are powerful medications asso-
ciated with considerable risks and benefits, but they should be used with caution, 
selecting the right dose, indication, and appropriate timing for the right patient [54].

A pharmacological strategy of increasing use, mainly in patients admitted to 
ICU, is the administration of low-dose dexmedetomidine. In that sense, a recent 
publication showed that nocturnal administration of low-dose dexmedetomidine in 
adults during ICU stay may reduce the incidence of delirium and is associated with 
better sleep architecture than benzodiazepines [55]. It is desirable that, in the near 
future, treatment protocols with proven efficacy could be available, for both preven-
tion and palliative care.

�Conclusion

Delirium is one of the geriatric giants which have significant importance in older 
chronic kidney disease patients, particularly in those on renal replacement treatment.
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Chapter 6
Urinary Incontinence in Older Persons

José Ricardo Jauregui

�Introduction

Urinary incontinence (UI) is considered one of the most frequent chronic problems 
in outpatients with maximum expression in older individuals; being even more 
prevalent than diabetes mellitus or Alzheimer’s disease. With the aging population 
of developed or developing countries, the expenditure of health systems in problems 
generated by the UI quadrupled in relation to the previous decade. As the older 
population in the world began to increase, UI became more frequent, but it was 
considered a problem of nursing management and general care or a sign that accom-
panied the aging process. Although it is true that there are physiological changes 
that favor the appearance of UI, this is not a “normal” problem of old age. Despite 
its high prevalence, this is an underdiagnosed and subtracted issue, and the diffusion 
of this disabling alteration is far from satisfactory, this is the first obstacle, although 
not the only one for patients to access appropriate treatment (Fig. 6.1).

The embarrassment of having UI drives  most patients to not seek a solution. 
Only between 13% and 51% of women have talked to their doctor about the issue, 
but not as part of the central reason for the consultation, or have made an appoint-
ment specifically for the problem. A study conducted with ambulatory older indi-
viduals covered by the health plan of the Hospital Italiano de Buenos Aires, showed 
that out of the group of patients with UI, only 7% of them reported that their family 

Explicit conversation about this problem should be part of the functional eval-
uation of older patients.
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doctors knew the problem. It is interesting to point out that most of the specialists 
do not give answers to this “occasional” consultation; sometimes due to discomfort, 
and others because it is considered part of the normal ageing  process. 
Similarly,  patients  do not mention this problem because they  believe that it 
has no solution, or that the available ones require them to undergo complicated stud-
ies or treatments [1].

�Definition

There are many definitions in the literature, but the one proposed by the International 
Continence Society (ICS) states the following:

Incontinence is the involuntary and objectoniable loss of urine through the intact 
urethra, severe enough to cause hygienic and social consequences.

In 2002 the ICS changed that definition to that of “involuntary and objective loss 
of urine through the intact urethra”, making it more inclusive so that even without 
having hygienic and social consequences, it is still a health problem; leading to 
more cases being diagnosed. It is also  said that a patient is incontinent when 
the urine loss occurres more than once in the last month or more than twice in the 
last year.

However, it should be clear that UI in older persons is always a pathological 
process, since the changes that normally are associated with physiological 
aging can predispose but never justify the problem.

IO

•  Doctors never ask about the
problem

IO
•  Patients do no consult

IO

•  Many times even the specialists do 
not answer

Fig. 6.1  Barriers for 
detection and treatment of 
Urinary Incontinence
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�Relevance of the Problem

It is important to keep in mind that the relevance of UI is not only due to its high 
prevalence but also due to the complications that this problem can potentially gener-
ate (Fig. 6.2).

UI is associated with a large number of medical problems. Such as urinary tract 
infections, pressure ulcers, skin irritation, bedsores, falls, and, subsequently, frac-
tures. From a psychological point of view, the consequences can be devastating, 
with an impact on work activity and social participation. These limitations affect the 
social life of those people who suffer from UI, and can lead to situations of anxiety, 
anguish, depression, dependence, confusion, and isolation. Usually patients tend to 
organize their life around the problem. UI also causes economic consequences that 
include expenses related to illness, such as medication, special care, dressings, dia-
pers and disposable materials, and those related to other medical complications 
without counting the cost of the losses in quality of life. This cost has an impact not 
only on the individual level, but also on the family and social levels.

The UI has an impact on the quality of individual life and the relationship of 
the people who suffer it.

UI

Medical

Psychological

Economical

Social

Fig. 6.2  Consequencies of 
Urinary Incontinence
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�Demographic Aspects and Epidemiology of the UI

The prevalence of UI in ambulatory and autonomous population older than 65 years 
is between 15% and 25%, with predominance in women; in special populations, 
such as older individuals hospitalized for an acute problem, the institutionalized, or 
the insane, UI prevalence increases progressively to 33%, 50%, and 90%, respec-
tively. In 1998, the World Health Organization (WHO) presented a report stating 
that urinary control problems affect more than 200 million people worldwide. In the 
United States, an estimated 700,000 women suffer from this disease. In 2004, a US 
study (conducted by the National Association for Continence) stated that, after 
starting UI symptoms, women wait 6.5 years and men 4.2 years before reaching a 
doctor. In  2004 another study done in Spain by the “National Incontinence 
Observatory Group,” found that the global UI prevalence was of 23% [2–15].

In conclusion, the prevalence of UI increases with age, becoming highly preva-
lent in people over 65 years of age, especially in women over 80 years old (in some 
countries over 40%). This causes a high impact on the people’s health and quality of 
life, which forces health agents to be attentive to their appearance, consequences, 
and treatments that can be offered [3].

�Anatomy and Physiology of the Urinary Tract

In a practical way, three definite structures are involved in urination and 
urine continence:

The structures described in Fig. 6.3 are under delicate control of the autonomic 
nervous system and the central nervous system. In addition to these structures of the 
urinary tree, we must take into account the extrinsic urethral component of urinary 
continence. It is vital to understand the role of this component in patients’ urinary 
continence rehabilitation. Normally, the pelvic floor has an elasticity that allows, 
when tensed by the pubococcygeal muscles, to hold the urethra inside the 

• Acts as a contractile muscle vessel 
Detrusor
muscle

• Smooth muscle located in the 
proximal urethra

Internal
Sphincter

• Formed by striated muscle located at 
periurethral level, allows to 
voluntarily interrupt urination

External
Sphincter

Fig. 6.3  Structures that 
participate in urination and 
continence

J. R. Jauregui



65

abdominal cavity, which closes the vesicourethral angle and contributes to urinary 
continence during the increase of the intra-abdominal pressure. The nervous system 
interactions are organized into four levels to control urination: the first and the sec-
ond control detrusor innervation, while the third and fourth modulate the periure-
thral innervation and striated muscle of the urethral sphincter.

•	 Level 1: It is formed by descending axons, which connect the cortex of the fron-
tal lobe and the thalamus with the detrusor nucleus in the brainstem (pontine 
nucleus). This level has an inhibitory effect on the detrusor nucleus in the trunk, 
located between the bridge and the cerebellum (normally the detrusor contracts 
when receiving the stimulus coming from the trunk nucleus). The detrusor 
remains relaxed while level 1 exerts its inhibitory effect on this nucleus and con-
tracts when the inhibitory effect disappears voluntarily, which frees the nucleus 
from the trunk and stimulates detrusor contraction.

•	 Level 2: It is formed by sensory axons that go from the bladder to the sacral 
spine, through the pelvic nerves. From there, they ascend without synapses to the 
pontine nucleus of the detrusor. This route informs the pontine center that the 
detrusor has started a reflex contraction. Impulses generated from this nucleus 
descend to the motor nucleus of the detrusor, located in the medullary cone. The 
motor neurons of the medullary cone send axons to the roots S2, S3, and S4, with 
synapses in the peripheral pelvic ganglion (hypogastric plexus), from which the 
postganglionic axons further stimulate the detrusor’s contraction and reinforce 
the contraction that had begun in reflex form. This level forms the primary reflex 
arc of the detrusor innervation.

•	 Level 3: It is constituted by proprioceptive fibers originating in the detrusor that 
travel through the pudendal nerves and their nuclei in the medullary cone. These 
sensory impulses inhibit the tonic motor impulses, which normally maintain the 
tone of the pelvic floor musculature. The net effect of this level is to produce pas-
sive relaxation of the pelvic floor muscles during bladder filling.

•	 Level 4: It is formed by the affections of the neuromuscular spindle of the stri-
ated muscle of the urethral sphincter, the anal sphincter, and the pelvic floor 
musculature. These afferents pass through the posterior cords of the spinal cord 
to end in the cerebellum, thalamus, and sensory-motor cortex of the frontal lobe. 
The response goes down through the cortex-spinal beam to the motor neurons 
located in the pudendal nuclei. This level facilitates the voluntary control of uri-
nation. The pelvic nodes receive motor impulses from the lumbosacral spine and 
send postganglionic fibers to innervate the detrusor. The pelvic nodes respond 
individually to the sympathetic and parasympathetic innervations; usually the 
sympathetic stimulation inhibits the parasympathetic impulses and vice versa.

To summarise the net effect of the interaction of the nuclei of the nervous 
system with the pelvic nodes is to communicate the bladder filling state to 
the brain.
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When the maximum state of bladder distension is reached, detrusor contraction 
(facilitated by level 2) and bladder emptying occur. This reflex response can be 
inhibited voluntarily by the effect of superior cortical control on the lower nuclei 
(level 1). When the person finds a suitable place and time to urinate, the inhibition 
of the central nervous system (CNS) is interrupted, and the contractions (stimulated 
from level 2) initiate the bladder emptying (Level 4). These contractions are com-
pounded by the effect of increased intra-abdominal pressure through the contrac-
tions of the pelvic floor muscles. Finally, this circuit is synchronized with the 
relaxation of the bladder outlet tract and urethral sphincter (levels 3 and 4). The 
localization of autonomic neuroreceptors has made it possible to advance in the 
understanding of the complete organization of the lower urinary tract. The 
α-adrenergic sympathetic receptors predominate in the bladder outlet cone and 
along the urethra and are responsible for the maintenance of continence due to 
increased urethral tone. The sympathetic β-adrenergic receptors are located mainly 
in the body and vesical dome. The stimulation of these receptors allows the relax-
ation of the detrusor and the filling of the bladder. That is, the sympathetic impulses 
favor bladder filling since they relax the bladder and contract the urethral sphincter 
and the bladder neck. Most parasympathetic (cholinergic) receptors are found in the 
bladder, but are also located in the bladder outlet cone and along the urethra. The 
stimulation of these receptors causes the contraction of the detrusor and, as a conse-
quence, the onset of urination.

�Changes of the Genitourinary System Associated 
with Normal Aging

During normal aging, there are certain changes in the lower urinary tract which, 
added to the decrease in the mobility of the older individuals, predispose but do not 
determine the appearance of UI.  The feeling of full bladder in older individuals 
appears only at 500–600 ml, while in young people it appears at 400 ml. Decreases 
the ability to postpone bladder emptying. In women, the maximum closing pressure 
of the external sphincter is reduced. The 25 ml postvoid residue in young people 
increases to 100 ml in the older individual because the bladder does not discharge 
its volume completely due to a decrease in the contractile force of the detrusor. The 
micturition frequency pattern is modified, being more frequent at night. In 

Continence and urination occur as a consequence of a delicate mechanism in 
which the autonomic nervous system participates. The sympathetic stimula-
tion favors bladder filling since it relaxes the bladder and contracts the ure-
thral sphincter and the bladder neck. The parasympathetic stimulation favors 
bladder emptying due to detrusor contraction and simultaneous inhibition of 
sympathetic activity. This system of reflex action is under voluntary cortical 
control.
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the oldest individuals (older than 75 years), the size of the brain (atrophy) decreases 
as part of normal aging, so the trunk nuclei responsible for inhibiting detrusor con-
tractions loses strength, and as inhibition weakens, the contractions are stronger and 
followed, and the urge to urinate suddenly appears due to an increase in detrusor 
contractions. The rapid decline of the ovaries is one of the physiological changes 
mostly related to aging in women, marking the beginning of their menopause. At 
menopause, ovarian estrogen production is markedly diminished or nonexistent. 
After menopause, the secretion of progesterone drops markedly. The atrophic 
changes in the uterus and vagina are caused by the low level of estrogen. In the 
vagina, the epithelium becomes thinner, the vaginal secretions decrease, pH 
increases and there is a fall of the trophism of all the urogenital tissue. Consequently, 
this alters the normal vaginal microbial flora, which is easily colonized by the anal 
margin, favoring urinary infections. To conclude, there is atrophy of the entire uro-
genital apparatus accompanied by a fall in functionality, which is manifested by the 
decrease in secretions and the thinning of the urogenital tissue.

The changes produced in the urinary tract are marked and represent a condition 
that favors the appearance of urinary incontinence associated with age due to  its 
weakness or atrophy.

The pelvic floor muscles are weakened due to the previously described changes, 
in addition to muscular atrophy due to disuse or sarcopenia, the possible history of 
multiparity on woman and a lack of physical exercise or obesity, muscle fibers are 
thinned or replaced by connective tissue. All this prevents the pelvic floor from con-
tracting and stiffening during urination. Thus, it does not support the neck of the 
urethra and causes urethral hypermobility with lack of occlusion of the vesicoure-
thral angle. The atrophy of this muscle group is the main cause of stress inconti-
nence on older woman. We should remember that the detrusor muscle responds just 
like the myocardium, contracting when it undergoes stretching (Frank Starling). 
This means that distention or bladder filling will produce involuntary muscle con-
tractions if not inhibited. The aging process of the central nervous system, mainly 
of the frontal cortex, affects the function of the urination control  nuclei. These 
nuclei are under superior inhibition, which ceases with a decreased frontal cortex 
function due to aging. As a result, a sense of urgency appears, which is called blad-
der not inhibited or overactive (Table 6.1).

�Pathophysiology of Urinary Incontinence

Normal function of the lower urinary tract requires the ability to accumulate urine 
within the bladder, at low pressure and with the detrusor at rest, as well as the ability 
to voluntarily complete bladder emptying through a urethra that generates low resis-
tance to emptying. From the above, it follows that for this function to be normal, it 
is necessary that both the detrusor muscle and the urethra function properly, without 
forgetting that for the whole process to be performed in a normal manner, these 
organs must have a normal relationship with the muscles of the body, pelvic floor, 
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fascias, and ligaments that support them and the neural elements that govern both 
the intrinsic urinary function and the extrinsic elements above mentioned (Table 6.2).

�Stress Urinary Incontinence (SUI)

Although pregnancy, vaginal delivery, and the aging processes are the most impor-
tant determinants for the genesis of stress urine incontinence (SUI), the mechanisms 
involved in its development are not very clear. During vaginal delivery, there is a 
disruption of the pelvic anchors of the vagina, together with traction and crushing of 
the pudendal nerve, stretching of the cardinal and uterosacral ligaments, as well as 
avulsion of the levator ani muscles. All of this leads to the widening of the genital 
hiatus and the impoverishment of the support of the pelvic organs. These alterations 
are repeated with successive deliveries and the injury is cumulative, although the 
most important damage is done in the first pregnancy. This process leads to a loss of 
support of the proximal urethra, which undergoes descent and rotation from its ret-
ropubic position, generating an alteration known as urethral hypermobility. In this 
way, when the abdominal pressure increases in a woman with a weakened pelvic 
floor, the urethra descends beyond normal, and the pressure is transmitted unevenly 

Table 6.2  Requirements for 
the maintenance of urinary 
continence in older 
individuals

Adequate storage in the lower urinary tract
Adequate voiding of the lower urinary tract
Enough motivation to be continent
Enough cognitive capacity to perceive micturition desire
Mobility and sufficient skill to reach the bathroom
No environmental barriers that limit access to the 
bathroom

Table 6.1  Urinary incontinence secondary to aging

Changes related to aging Potential effects

Detrusor degeneration Altered bladder contractility
Disunion pattern in electron microscopy Detrusor overactivity
Alteration of the cellular function Alteration of mucous membranes and connective 

tissue
Hypoestrogenemia Thinner and friable fabrics (membranes)

Increased risk of urinary symptoms, prolapse, and 
infections

Alteration in the concentration of 
neurotransmitters

Increased risk of bladder and urethral dysfunction

Impaired immune function Greater susceptibility to infection
Alteration of bladder function Increased risk of urinary symptoms, incontinence, 

and infectionsInvoluntary contractions
Decrease in contractility
Higher residual volume
Decreased urethral pressure Increased risk of incontinence
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to the bladder and urethra, with the consequent higher bladder load that leads to 
urethra incontinence. The loss of the estrogenic stimulus, the denervation of the 
pelvic floor and the urethral complex, as well as the decrease in the amount of sup-
port collagen or its deterioration generate a decrease in the coaptation capacity of 
the urethra and lead to the symptoms of incontinence. While gestation and vaginal 
birth can collaborate with this second mechanism, it is more common to find it due 
to non-obstetric causes, the main one being aging, frequently associated with dis-
eases such as obesity and chronic constipation. In this way, stress urinary inconti-
nence would basically occur due to two conditions: the presence of urethral 
hypermobility and the inability of intrinsic coaptation of the urethra.

�Urgent Urinary Incontinence (UUI)

The term overactive bladder refers to a group of symptoms that include urgency, 
frequency, and nocturia, associated or not with incontinence. When incontinence is 
present, it is called urge incontinence. This urgency may or may not be associated 
with demonstrable non-inhibited bladder contractions due to urodynamics. The 
basic conflict is constituted by the loss of bladder accommodation capacity, of neu-
rological origin or not. In this second group, the aging process takes on special inter-
est, since most of the overactive bladder syndromes of the postmenopause are 
constituted by what was once called sensory urgency, that is to say urgency and 
urinary frequency not associated with the development of contractions. The detrusor 
inhibitors in urodynamics have fundamental therapeutic implications, since the use 
of potent anticholinergics is unnecessary in this group of patients that in some series 
represent up to 70% of cases. In contrast, the use of these drugs is of great help in 
the group in which bladder contractions are verified. Finally, there are certain 
pathologies related to urinary incontinence, which can be summarized in Table 6.3.

�Classification

In a practical way, the UI can be classified as acute or chronic.

�Acute Urinary Incontinence

It is called acute urinary incontinence to any episode that occurred in the 6 months 
prior to the consultation, in an acute form, and that has responded to the imposed 
treatments.

The most frequent causes are recorded in the word mnemonic “Diappers”:

•	 D (Delirium)
•	 I (Infection: urinary infection due to local irritation within the framework of 

delirium)
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•	 A (Atrophic: vaginitis or urethritis. Changes local pH and promotes bacterial 
development)

•	 P (Pharmaceuticals: drugs) (Table 6.4)
•	 P (Psychological: depression, dementia, isolation)
•	 E (Endocrinopathy, such as hyperglycemia, hypercalcemia, hypokalemia)
•	 R (Restriction of mobility. Functional UI)
•	 S (Stool impaction)

Table 6.3  Frequent pathologies in elderly people with continence impact

Pathologies Mechanisms

Cognitive and sensory 
impairment

Decreased ability to report symptoms

Motor disorders and immobility Difficulty to get to the bathroom. Increased risk of 
incontinenceStroke

Hip fracture
Parkinson’s disease
Peripheral vascular disease
Low intake of liquids Increased risk of bacteriuria
Diuretic intake Polyuria that predisposes to incontinence
Alcohol
Caffeine
Diabetes mellitus Polyuria that predisposes to incontinence
Volume overload Higher night risk
Heart failure
Venous insufficiency
Medication Increased risk of bladder or urethral dysfunction
Tumors Increased risk of bladder or urethral dysfunction
Arteriosclerosis Increased risk of bladder or urethral dysfunction

Table 6.4  UI caused by drugs

Type of medication Potential effect

Diuretics Polyuria, frequency increase, urgency
Anticholinergic Urinary retention, UI overflow
Antidepressants Anticholinergic effect, sedation
Antipsychotics Anticholinergic effect, sedation, rigidity, immobility
Sedative hypnotics Sedation, delirium, immobility, muscle relaxation
Lithium Polyuria, frequency, urgency
Opioids Urinary retention, sedation, delirium
α-Blockers Urinary retention
α-Agonists Urinary retention
β-Agonists Urinary retention
Calcium channel blockers Urinary retention
ACEIs Chronic cough favors UI
Alcohol Polyuria, sedation

ACEIs angiotensin-converting enzyme inhibitors
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�Chronic Urinary Incontinence

Chronic UI is the loss of urine that lasts more than 6 months and that is not defini-
tively cured with the imposed treatment.

�Urgent Urinary Incontinence (UUI)

In this way, UUI is called clinically with an urgent need to urinate. Although know-
ing the dynamic uro pattern is very important for therapeutics, today, the International 
Society for Incontinence has established the general name of overactive bladder, 
based on the clinic. The most frequent cause is the loss of the inhibition that the 
CNS exerts on the detrusor muscle. It is observed in cerebrovascular accidents, 
dementias, Parkinson’s disease, etc. or in patients on benzodiazepines, antihista-
mines, and neuroleptics. Other causes of increased detrusor muscle contractions are 
local irritation of the bladder due to stones, cancer or infections and excessive dis-
tention of the bladder secondary to drugs (diuretics), or clinical situations (glucos-
uria) that increase urine volume. The UUI constitutes 50% to 75% of the causes of 
UI in women and men older than 75 years. The urgency to urinate is its characteris-
tic symptom, and urinary losses can occur both day and night. In these patients, the 
postvoid residue after bladder emptying is small.

�Stress Urinary Incontinence (SUI)

The anatomical changes secondary to multiparity and, in some cases, the presence 
of prolapses also predispose to deteriorate muscle tone in the pelvic floor. These fac-
tors lead to the development of greater laxity of the muscles that make up the urogeni-
tal diaphragm, which can facilitate the hypermobility of the urethra and the loss of the 
ability to achieve adequate continence in the face of increased intra-abdominal pres-
sure. Normally, the urethra has an intra-abdominal location. This means that before 
certain maneuvers such as coughing or sneezing, there is an increase in intra-abdom-
inal pressure that is transmitted simultaneously to the bladder and urethra. As both 
withstand the same pressure increase, urine does not leak. Now, when herniation of 

Stress incontinence is the product of a combination of factors that leads to 
greater laxity of the elements that make up the urogenital diaphragm (atrophy 
of the urethra epithelium and the trigone, sarcopenia) and herniation of the 
urethra. The latter acquires an extra-abdominal position, and its closure pres-
sure is surpassed by bladder pressure during the Valsalva maneuver, which 
triggers the UI.
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the urethra occurs, the pressure increase is transmitted only to the bladder (and not to 
the urethra, which is now in an extra-abdominal position). This pressure difference 
(higher in the bladder and lower in the urethra) makes the urine to easily escape. 
Patients who have bladder prolapse (cystocele) have the urethra located below the 
pelvic floor and, as a consequence, can present SUI, although the two situations can 
occur independently, or sometimes the prolapse conceals an underlying UI due to the 
distortion that produces in the anatomy of the urethra. The presence of atrophic vagi-
nitis with irritation and bacterial colonization of the meatal area generates dysuria 
and worsens the symptoms of SUI. SUI is more frequent in women and constitutes 
the first cause of UI in women up to 75 years of age. After this age, the cause is mixed 
(SUI plus UUI). Characteristically, patients with SUI have incontinence when cough-
ing, sneezing, laughing, or performing Valsalva maneuver and do not have losses 
during the night, when they are lying down. According to the degree of laxity, ini-
tially the losses occur at small efforts and in small volumes, but as the deterioration 
progresses, the losses are more noticeable. Since this type of incontinence does not 
alter the evacuation of urine, the postvoid residue measured by ultrasound is small.

�Overflow Incontinence (OFI)

It occurs when intravesical pressure exceeds the mechanisms of sphincter restraint 
and can occur with or without bladder atony. In the first case, the contraction of the 
bladder is preserved, but there is an obstruction at the level of the urinary tract. In 
the second case, the bladder does not contract and the urine accumulates inside. As 
a consequence of any of these mechanisms, the large volume of urine accumulated 
inside the bladder generates pressure against the sphincter and ends up overflowing. 
The most common cause is benign prostatic hyperplasia (BPH), because the hyper-
trophied prostate reduces the urethral caliber and obstructs the bladder outlet tract. 
In these patients, the contraction of the bladder is initially preserved. It is important 
to note that although BPH is a prevalent entity, it is rare that it produces OFI. Other 
less frequent causes of OFI are diabetes mellitus or alcoholic neuropathy, cerebro-
vascular accidents, or spinal cord injuries that lead to OFI due to bladder atony. The 
history of pelvic surgery and pelvic radiotherapy should also be evaluated.

OFI is the least prevalent cause of UI.  It is more common in men older than 
65 years, in whom it becomes the second cause of UI (after the urgent type). Patients 
with this type of UI have constant losses of small amounts of urine. At the beginning 

OFI occurs when the intravesical pressure exceeds the sphincteric contain-
ment mechanisms. This type of UI can occur without bladder atony (BPH) or 
with it (in diseases that affect the innervation of the detrusor, such as diabetes 
mellitus, stroke, or alcoholism).
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they can refer pain or hypogastric discomfort. In these patients, the postvoid residue 
is increased. When the alteration is severe and does not resolve, it can lead to the 
development of hydronephrosis and subsequent obstructive renal failure (Fig. 6.4).

�Functional Incontinence

This type of UI is produced as a consequence of the physical inability of the patient 
to arrive in time to a bath to urinate. It is determined by mobility and movement 
disorders secondary to stroke, Parkinson’s disease, gait disorders, or social or fam-
ily situations that make the patient to have no help to move or use appropriate 
devices when he/she wants to urinate. This type of UI depends on third parties to 
solve it.

�Mixed Incontinence

It is one in which two types of UI are combined. It is very common to find women 
with UUI associated with SUI or men with UUI associated with OFI.

• In this way, UI is called clinically with an urgent need to 
urinate.

• Causes: CVD, Dementia,
Parkinson's, BZD, Polyuria, cancer,
infections

UUI

50-75% in women and men over 75 
years

• It is triggered by situations that increase intra-
abdominal pressure.  

• Causes: Cystocele, atrophic vaginitis, urinary infection

Stress Incontinence 

The most frequent in women up to 
75 years, multiparous . 

In older than 75 it is mixed (SI + UUI)

Overflow UI:

it is the least frequent of the UI. 

More in men over 65 years old

• It occurs when the intravesical pressure exceeds the  
sphincter closure and can occur with or without 
bladder atony, depending on whether or not the 
contraction retains the large volume of urine 
accumulated inside the bladder generates pressure 
against the sphincter and ends up overflowing.

• Causes: BPH, with atonia
neurogenic bladder by CVD, DBT or OH

Functional

UI

This type of UI occurs as a result of the patient's  
physical inability to arrive in time to a bath to urinate. 
It is called UI that is determined by disorders in 
mobility and secondary transfer mainly osteoarticular 
and neurological diseases

Fig. 6.4  Summary of the main types of permanent UI
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�Evaluation of the Patient’s Incontinence

�Interrogation

It is recommended to use questions such as:

•	 Do you have discomfort such as pain or burning when urinating?
•	 Do you urinate frequently and in small amounts?

•	 There is no formal recommendation to track UI in the older individuals; 
however, given the high prevalence and benefits of their treatment, several 
panels of experts recommend to ask patients over 65 about this problem, at 
least once.

The prevalence of the different types of permanent UI varies according to the 
age and sex of the patients, although in general the causes are mixed. In 
women, it is more common to find SUI while in men, UUI and then OFI were 
more prevalent.

•	 The interrogation of the UI is technically simple, but it requires caution 
and care since it can happen that patients find it difficult to talk about this 
problem.

•	 It is fundamental to have an adequate doctor-patient relationship when fac-
ing the problem, to generate a consultation that guarantees the privacy of 
the older individual and to adopt a serious attitude when asking.

•	 It is also important to reassure the patient by clarifying that incontinence is 
not a “normal” phenomenon of aging.

•	 The UI is a multifactorial problem in the older individual, and the identifi-
cation of potentially reversible or treatable situations can contribute to 
improve the management.

•	 The first goal in conducting the evaluation is to identify if the problem is 
transient or permanent, for it is necessary to ask in detail about the time of 
evolution of the UI and review (and detect or rule out) the causes of tran-
sient UI: irritation or inflammation around or in the lower urinary tract, 
increased urine output, medication effects, and situations that affect or 
impede the possibility or willingness to go to the bathroom.

Most causes of UI are diagnosed by asking and physical examination.
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•	 Is the amount of urine that you eliminate greater than what you routinely 
eliminated?

•	 Have you started using a new medication lately?
•	 Do you have difficulties accessing the bathroom at your home?
•	 Are you usually constipated?

These questions allow the detection of transient UI causes such as urinary infec-
tions, polyuria, drugs, fecal bolus, etc. It is also advisable to carry out an exhaustive 
interrogation of the symptoms, the characteristics of the episodes, and the circum-
stances that produce or favor the UI, as well as to obtain a complete history of the 
drugs that the patient is taking at that moment. In the case of women, the number of 
pregnancies, the time of menopause, the history of pelvic surgeries, or local treat-
ments with radiation should be noted. In men, it is essential to obtain prostatic and 
surgical records. In both cases, it should be recorded if there is a history of cognitive 
deterioration or previous confusional syndromes.

In patients with permanent UI, it will be necessary to define whether it is of 
urgency, effort, or overflow. There are certain types of questions whose response 
guides the doctor toward the cause of UI:

•	 Do you lose urine when you cough, laugh, lift something, sneeze, or defecate?
•	 Do you wet your clothes or intimate towels, without realizing it, because you lose 

your urine?
•	 Can you stand 5 to 10 min until you reach a bathroom when you want to urinate?
•	 Do you lose urine when you go to the bathroom with extreme urgency?
•	 How often do you empty your bladder?
•	 How many times do you get up at night to urinate? (You have to clarify if you 

wake up from the desire to urinate or if you have insomnia and then take advan-
tage and go to the bathroom).

•	 Do you feel that you empty your bladder completely every time you urinate?
•	 When you arrive at your house, when you open the entrance door, do you feel 

sudden urges to urinate, with occasional leakage of urine? (key in  lock 
syndrome).

If the patient has a sudden and urgent need to urinate, does not arrive in time to 
the bathroom, and has losses during the day and night, the most probable diagnosis 
is that of emergency UI. If the patient has a loss of urine when coughing, sneezing, 
laughing, or lifting and does not have losses during the night or when lying down, it 
is most likely a case of stressful UI.  If the patient has constant losses of small 
amounts of urine and feels that it does not completely empty his bladder, he most 
likely has overflow incontinence.

Through the interrogation, the doctor should try to define if the patient has 
transient or permanent UI and, in the case of the first one, what are the pos-
sible causes.
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�Physical Exam

In the general evaluation, the ability of the older individual to move, use the bath-
room, and deal with personal hygiene should be verified. In the functional evalua-
tion, the patient should always be asked to evacuate his/her bladder beforehand and, 
if possible, record the volume urinated. To avoid confusion in the diagnosis of the 
type of UI, it is essential to make sure that the patient completely evacuated his/her 
bladder before examining it and, if there is doubt, proceed to determine the absence 
of residue. In the physical examination, the abdomen should be evaluated to verify 
the presence of diastasis of the anterior rectus muscles, which implies generalized 
muscular weakness, intra-abdominal masses, ascites, or any organomegaly, which 
increases the intra-abdominal pressure. The compression of the abdomen also 
serves to objectify the function of the lower urinary tract before the increase in pres-
sure (an increase in intra-abdominal pressure is generated with a compressive 
maneuver of the hypogastrium, and it is seen if there are losses). A rectal examina-
tion should be included to identify the presence of a fecal bolus or alterations in anal 
sphincter tone and perineal sensitivity. In men, the morphology, size, and sensitivity 
of the prostate should be examined; in women, a gynecological examination should 
be included in search of pelvic masses, signs of atrophy of the vaginal mucosa, 
urogenital prolapse, or loss of the strength of the muscles of the urogenital dia-
phragm. Patients with atrophic vaginitis usually have a thin vaginal mucosa and, 
occasionally, petechiae. There may be vulvar atrophy, and the flow (if present) is 
aqueous or serosanguineous, with a pH greater than 4.5. The position of the urinary 
meatus should be evaluated at rest and during the Valsalva maneuver, to look for 
prolapse or UI when elevating the intra-abdominal pressure. A useful test to mea-
sure the strength of the muscles of the urogenital diaphragm is to ask the patient to 
contract the perineal muscles (she is told to try to contract the anal sphincter as 
when she wants to avoid gassing), and she is asked to keep the contraction for as 
long as possible. When the muscle strength is preserved, the woman can maintain 
the contraction for 5 to 10 seconds (making sure she does not use the accessory 
muscles that are the anterior rectus, the adductors, or the gluteal muscles). 
Neurological integrity should also be evaluated, particularly the anal tone (depen-
dent on the nerve roots S4 and S5), the bulbocavernosus reflex (nerve roots S2 and 
S4), and the perineal sensitivity that depends on the same territory (S2 and S4).

In men, the bulbocavernosus reflex is taken by stimulating with a swab the skin 
near the middle raphe of the perineum, below the scrotal sac. In women, this reflex 
is taken in a gynecological position by applying the stimulus on the fold between 
the upper lip of the vagina and the thigh. In both cases, the normal response is the 
contraction of the anal sphincter before the stimulus. There is a very useful maneu-
ver, which can be done in the office, which consists of asking the patient to come to 
the consultation with a full bladder (a previous 500 ml of water intake can be recom-
mended) and examine it in a gynecological position. First you are asked to perform 
a Valsalva maneuver and observe if there is loss of urine through the urethral meatus 
and then the same is asked but lifting the urethra manually by touch and observing 
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whether the loss continues or not. If loss is observed, a diagnosis of SUI is made; if 
it improves when the urethra is compressed, it suggests the possibility of a solution 
with devices or surgery. One strategy to sensitize the test is to ask the patient to 
perform the Valsalva maneuver, but when standing or in the position that the patient 
refers to us, incontinence occurs.

�Supplementary Exams

Among the complementary studies useful to evaluate patients with UI is the 
urinalyses test and bladder ultrasound. The analysis of urine allows physi-
cians to detect the presence of glucosuria, hematuria, hypercalciuria, or signs of 
infection (pyuria). In cases in which the urinalysis suggests an infection, a urine 
culture should be obtained. Ultrasound is used to measure the postvoid residue. 
Characteristically, patients with SUI and UUI have a small postvoid residue, 
while in patients with OFI, the postvoid residue is high. However, it is not nec-
essary to measure the postvoid residue in all patients, especially if the clinic is 
clear. In cases in which there are diagnostic doubts, the ultrasound is not easily 
accessible, and OFI is suspected (abdominal palpation reveals a bladder balloon 
whose compression arouses pain), the postvoid residue can be measured by 
placing a rigid sterile probe that will allow the evacuation of bladder contents 
and the objectification of their volume, since it should never rely on the simple 
physical examination in order to estimate the bladder residual volume.

In general, sophisticated tests, such as cystoscopy, imaging studies, or urody-
namic tests, are usually not needed to evaluate the majority of outpatients, since 
these studies neither  provide more complementary information  nor lead to 
change the initiated therapy. In hospitalized patients, with more serious underlying 
diseases such as paraplegia, stroke sequelae, dementias, and postoperative gyneco-
logical or urological surgeries, these tests can help to achieve a correct interpreta-
tion of bladder function and its subsequent treatment.

The physical examination of the patient is important since it serves to rule out 
the presence of bladder balloon, fecal bolus, or urogenital prolapse, determine 
the size and characteristics of the prostate, and review the gynecological and 
neurological integrity (whose alteration could cause UI).

The most useful tools to evaluate patients with UI are the interrogation and the 
physical examination, complemented with a urinalysis and, eventually, a 
bladder ultrasound when the clinic generates doubts.
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�Treatment of Urinary Incontinence

 An adequate urine continence function and improved quality of life can be achieved, 
being this more important than the complete UI cure itself. UI is currently the geri-
atric syndrome with more therapeutic alterantives. UI therapeutic strategies can be 
divided into [20]:

•	 Behavioral measures
•	 Hygienic-dietetic measures
•	 Exercises for pelvic floor muscles
•	 Electrical stimulation
•	 Neuromodulation
•	 Intravaginal mechanical devices
•	 Pharmacological treatment potentially
•	 Surgical treatment

�Behavioral Measures

The factors that are usually associated with the failure of bladder reeducation are the 
age and the severity of the UI, but the motivation and adherence to the interventions 
are crucial. The goals of bladder reeducation are to improve control over urgency, 
prolong the intervals between urinations, increase bladder capacity, reduce the num-
ber of episodes of UI, and restore the patient’s confidence in the possibility of con-
trolling bladder function. In ambulatory patients without cognitive impairment, the 
possibility of postponing micturition or adapting the micturition rhythm can be 
worked on, based on the urinary diary made by the patient. For this, the patient must 
begin to urinate, even without desire, at intervals less than the observed average; 
then it will increase by 15–30 min until an interval between urinations of approxi-
mately 3 h is reached. In institutionalized patients or patients with mild cognitive 
impairment, a fixed interval of urination can be established, and in cases of major 
deterioration or significant alterations in motility, the caregiver or nurse will take the 
patient to urinate at regular intervals. The basis of treatment should be behavioral 
work, since it has no undesirable effects, which are the main cause of discontinua-
tion of pharmacological therapies.

�Placebos

The role of placebo has been widely proven in the management of any UI type. In con-
trast to some concepts arising from classic studies, a recent study published in the 
Cochrane Library has established that the use of anticholinergics has been superior to 
the use of placebo to improve symptoms although, of course, it has more adverse effects.
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�Dietary Hygienic Measures

In the consultation, hygienic-dietetic measures aim to reduce the incontinence con-
sequences. It is recomended to  reduce drinks and foods rich in methylxanthines 
since they can  promote urinary  urgency, and to  reduce alcohol intake since it  is 
generally accepted that increases urine volume and, consequently, leads to higher 
urinary frequency, urgency, and finally incontinence. The water restriction from 18 
to 19 hours helps to reduce the number of nocturnal voids in patients with nocturia. 
Proper hygienic protection is the first step against urine or fecal incontinence (the 
latter is the most frequently denied by patients). The Cochrane database has devoted 
a special chapter to the comparison between incontinence protectors.

�Exercises for the Pelvic Floor Muscles (EPFM)

Rehabilitative treatment can be done through the Kegel exercises (Arnold H. Kegel), 
the electrical stimulation of the pelvic floor muscles, or mechanical devices. In 
ambulatory patients, the Kegel  exercises and the placement of the mechanical 
devices can be taught, while the electrical stimulation is for more specialized cen-
ters. Kegel exercises are the most used physical therapy in the initial conservative 
treatment of SUI. These exercises increase the muscle tone of the pelvic muscles 
and achieves the urethra reposition. They are noninvasive, harmless, and inexpen-
sive methods of treatment, although they may not be effective. In different studies, 
it was shown that they are as effective as electrical stimulation or estrogen therapy, 
and can  even  complement these therapies. They can be practiced in conjunction 
with any proposed treatment. The Cochrane Library performed systematic reviews 
including SUI, mixed urinary incontinence (MUI), and UUI, and the conclusion 
was that EPFMs are more effective than placebo or doing nothing. The benefits 
would not be superior with the addition of biofeedback, electrostimulation, vaginal 
cones, or anticholinergics; and young women, between 40 and 50 years of age, with 
SUI and participating in a supervised program for at least 3 months would be the 
most benefited, thus this strategy is considered to be the first line of treatment for 
this group.

�How Are These Exercises Done?

First, the patient should be taught to correctly recognize diaphragmatic inspiration 
and expiration, because the contractions of the muscles should be performed during 
expiration. The increase in intra-abdominal pressure caused by the diaphragm in 
inspiration nullifies the strength of the pelvic muscle contraction with the least pos-
sible load on the part of the abdominal contents. Before starting, the patient should 
be relaxed, in position of abdominal discharge (lying down), for about 5 min. It is 
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advisable to elevate the feet on a stool or similar with the knees bent at 90° and with 
a small pillow under the pelvis.

The exercises should be done in different positions, to adapt the patient to differ-
ent conditions that can be found in their daily lives; the gravity effect must be 
worked from the supine standing position, taking its influence from zero to the 
maximum influence.

�Intravaginal Mechanical Devices

Exercising the pelvic floor muscles can be done alone or with the help of devices. In 
addition to the perineometry machines with or without biofeedback devices, there 
are vaginal cones or any other type of intravaginal devices, which consist of placing 
cones of different weight in the vagina, the purpose of which is to be retained in 
place by the EMPP or some device to be “tightened” by the contraction of the 
muscles. The Cochrane Library established that, although they are useful, they are 
not superior to the EMPP alone, especially considering their high abandonment rate.

�Electrical Stimulation

The electrical stimulation consists in the application of brief stimuli by means of 
small needles or surface electrodes. They are useful in urge incontinence and effort 
incontinence. In some countries, it is considered as an alternative for those cases in 
which a properly  performed EPFM  has  failed. However,  the Cochrane study of 
2003 did not show benefits with the addition of electrostimulation to the EPFM.

�Neuromodulation

The neuromodulation of the sacral nerve is a valuable treatment for those patients 
who suffer from urge incontinence refractory to all types of treatment, but its high 
cost, for the moment, makes it an almost inaccessible alternative to most patients.

The patient should be taught to contract the muscles of the pelvic floor (obtu-
rator of the anus) in an active and voluntary way, without contracting other 
muscle groups (adductors, glutes, and abdominals mainly), because they have 
an antagonistic effect.
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�Anti-incontinence Devices

Anti-incontinence devices were developed for the treatment of SUI, but they are 
also useful in women with symptoms of urgency. The most developed are the intra-
vaginal pessaries. The pessaries consist of silicone rings that are attached to a 
“knob,” in order to generate some type of obstruction either fixed or dynamic in the 
posterior wall of the urethra. The optimal size, which ensures both continence and 
adequate bladder emptying, is chosen by performing UI tests with the bladder filled 
with the pessary placed [17].

�Pharmacological Treatment of Urinary Incontinence

Drug therapy for the treatment of UI is widely used for urge incontinence and mixed 
incontinence if behavioral therapy is not effective. Few agents are available for 
stress incontinence. The drugs used can be divided into two large groups: hormones 
and drugs designed to increase the storage capacity of urine, by either detrusor 
relaxation, increased intraurethral pressure, or both. Incontinence of transitory 
urine, usually caused by urinary infections or other causes of simple intervention, 
should always be considered.

�Management of Acute Incontinence

The treatment of acute incontinence depends on its cause. Within the assessment 
of the causes of acute UI, a functional assessment of the patient should be made 
to determine mobility, transfer capacity, manual dexterity, and correct hygiene 
capacity. On the other hand, the presence of depression should also be investi-
gated and the cognitive status determined for proper planning of problem 
management.

�General Support Measures

If a fecal bolus is detected, it is indicated to evacuate it. If UI is due to the use of 
drugs, it is advisable to reevaluate the indication of the drug or reduce the dose; in 
cases of polyuria, the underlying disease should be treated. Those patients who have 
UI in the context of depressive or behavioral symptoms require an interdisciplinary 
approach. The treatment of the underlying disease will resolve the UI, then no spe-
cific treatment is required for the urinary tract.
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�Urinary Infections

Urinary infection is very prevalent in women. It is estimated that around 15% to 
20% of postmenopausal women will have a urinary tract infection sometimes after 
that. The prevalence of asymptomatic bacteriuria also increases with age. Thus, at 
40 years, their estimated rate is around 5%, a figure that contrasts with an average 
50% in women aged 75 or older. Taking these data into account is crucial, since in 
this group of women, and in the absence of overt urological disease, the bacteriuria 
should not be treated since its chance of recurrence is close to 100%, especially 
when it comes to the presence of Escherichia coli. The treatment is not very differ-
ent from that of younger patients, and the drugs used are trimethoprim-sulfa-
methoxazole (TMS) or nitrofurantoin, if they are not contraindicated (e.g., allergy). 
With the short schemes (3 days), the same effectiveness is usually achieved (cure 
and relapse rate), greater adherence, lower costs, and less incidence of adverse 
effects than with conventional treatments of 5 to 7 days. Adverse effects are rare 
when the 3-day treatment schedule is used. The dose should be reduced in renal 
failure.

A therapeutic scheme based on nitrofurantoin is the most cumbersome since it 
requires four daily doses that can compromise adherence to treatment. It is contra-
indicated in patients with creatinine clearance less than 40 ml/min. Quinolones are 
second-line drugs in the treatment of low urinary tract infections in the ambulatory 
older patient and are first line when there is resistance to TMS greater than 20% in 
the medium being treated. Norfloxacin can be used orally for 3 days. It is usually 
well tolerated but can cause nausea, vomiting, abdominal discomfort, headache, and 
skin rash. Ciprofloxacina is used in male patients and for a period of 7 days, espe-
cially if they carry BPH. Of course, the above mentioned antibiotics can be used if 
they are not contraindicated.

The TMS is the drug of choice for the treatment of uncomplicated urinary 
tract infections in ambulatory older patients and with no history of urogenital 
diseases (if it is not contraindicated). This treatment is effective, easily adher-
ent, and usually well tolerated.

Quinolones should be used when the drugs of first choice are ineffective or 
produce intolerance or the patient has a history of allergy to them.
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�Management of Chronic Urinary Incontinence

�Urgent Urinary Incontinence

�Hormone Treatment

The role of hormone replacement treatment for UI is controversial. The treatment of 
urogenital atrophy can be carried out in a safe, simple way and looking for the low-
est possible dose. Its objective is to improve tissue trophism and reduce symptoms 
such as vaginal dryness, burning, and itching, all of which improve the quality of 
life of the woman, and, secondarily, both the symptoms of urgency, frequency, or 
those attributable to the recurrent urinary tract infection present a gradual improve-
ment. In general terms it is preferable to use local estrogens over general ones (Table 
6.5). This allows the use of low doses of estrogen replacement hormones, with a 
high degree of local action, without promoting endometrial proliferation and avoid-
ing the need to use protection with progestogens, whose effect on the urinary tree is 
controversial. The maximum effect is reached around 12  weeks of application. 
Once the desired effect is obtained, a maintenance dose is left in order not to lose 
the benefits achieved.

The Cochrane systematic review updated in 2005 concluded that the use of estro-
gens can improve or even can cure incontinence, although evidence suggests that 
this effect is mainly attributable to urge urinary incontinence. The combination of 
estrogen with progesterone would not seem to improve UI but would actually reduce 
cure rates and improvement. Estrogen therapy, especially local, improves urgency, 
day and night frequency, and episodes of incontinence in patients with symptoms 
suggestive of overactive bladder. Treatment consists of a daily application for 2 or 
3 weeks at least, although sometimes intensive treatment should be longer to achieve 
remission of symptoms. If the symptoms remit, the patient will continue with the 
maintenance administration (usually 1 or 2 weekly applications). Adverse effects of 
local hormonal treatment are exceptional and include local irritation, secondary 
candidiasis, and, less frequently, bleeding or breast tenderness [6, 7, 10, 11, 14–19].

Table 6.5  Estrogens 
available for local treatment

Presentation Drug

Ovules Estriol
Promestriene

Creams Estriol
Promestriene
Conjugated equine estrogens
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�Nonhormonal Treatment

The main objective of pharmacological treatment is to treat UUI, although in the 
last few years some drugs have been developed to treat stress incontinence. The 
treatment of UUI is special, since the bladder filling volume that triggers inconti-
nence is characteristic of each patient. The goal is to define that threshold and tell 
the patient to evacuate the bladder before overcoming it. A pharmacological treat-
ment should also be indicated in order to reduce muscle contractions, either by act-
ing directly on the bladder muscle or by increasing the inhibitory effect at the level 
of the CNS. Anticholinergics are, so far, the most used and effective for the 
urgent  UI  treatment, which makes them the first choice for  the overactive blad-
der treatment. They have been shown to be effective in reducing symptomatology in 
numerous randomized trials in which they were compared with placebos. Its effec-
tiveness lies in inhibiting the involuntary contractions of the detrusor by antagoniz-
ing the muscarinic receptors of the parasympathetic pathway. Anticholinergics 
should be handled with caution in patients with dementia and in those women who 
receive psychotropic drugs, because of their potential adverse effects. They are also 
contraindicated in patients with narrow-angle glaucoma and in cases of obstruction 
of the urinary tract. The most active drug and considered the standard one is oxybu-
tynin, a nonselective anticholinergic available in oral presentations (immediate-
release or prolonged-release formulations), transdermal patches and transvaginal, 
transrectal and intravesical applications. Oxybutynin is poorly tolerated by the older 
patients because of its anticholinergic effects such as sedation and weakness. 
Effectiveness in doses adequately tolerated by the older individuals is questioned 
(except in the extended-release formulations). This drug is classified by BEERS 
criteria inappropriate for use in geriatric patients (high risk of severity). Regarding 
tolterodine, it has greater selectivity for bladder cholinergic receptors and, there-
fore, fewer systemic effects such as constipation and mouth dryness, also available 
in oral presentation of immediate-release or prolonged-release formulations. In a 
systematic review published in the Cochrane Library, which analyzed studies of 
high methodological quality that compared oxybutynin with tolterodine, both in 
their presentation of immediate release, no significant difference was found between 
them in terms of efficacy, close to 60%. However, fewer side effects such as dry 
mouth were described with tolterodine. The prolonged-release presentations have a 
lower adverse effect rate than the classical ones, so if available, they should be pre-
ferred. With respect to other anticholinergics, the different studies provide little data 
to establish a conclusion. Both drugs can produce cognitive impairment, although it 
would be less with tolterodine. Regarding trospium chloride, in multicenter studies, 
it has been shown that the efficacy of this anticholinergic agent is similar to that of 
oxybutynin with immediate effect. The rate of abandonment due to undesirable 
effects, mainly dry mouth, is slightly lower than that of other anticholinergics.

Solifenacin is the anticholinergic with greater selectivity for M3 receptors of the 
bladder. Studies have shown that it is well tolerated, and it has an immediate effect, 
slightly higher rate of reduction in urgency symptoms and frequency, as well as in 
episodes of incontinence, compared to tolterodine. Its metabolism occurs in the 
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liver and has interactions with drugs such as ketoconazole, which is often used in 
incontinent patients. So far it has shown no effect on the CNS similar to other 
anticholinergics. Darifenacin is a drug with high selectivity for M3 receptors by 
acting as selective antagonist of M3 subtype muscarinic receptors limiting bladder 
contractions, reducing symptoms of hyperactivity and vesical irritability as urge 
incontinence, frequency and urgency, with little effect on the salivary glands and 
almost no effect on the CNS and cardiovascular  system. These characteristics 
would make it an attractive drug to be used in older individuals due to its few unde-
sirable effects and the possibility of being used in patients with cognitive impair-
ment medicated with psychotropic drugs. However, it shares hepatic metabolism 
with antidepressants, so it should be handled with caution in patients who receive 
them. It was approved by FDA for the treatment of overactive bladder in December 
2004. The preliminary results attribute an effectiveness comparable to tolterodine 
with immediate effect, with very good tolerance and low dropout rate due to 
adverse effects. Given the hepatic metabolism that the drug has, its dose should be 
reduced in patients with hepatic impairment Child-Pugh B, and its use is not rec-
ommended in hepatic patients Child-Pugh C. In a randomized study of 445 patients, 
the average number of episodes of urge incontinence per week decreased more 
with darifenacin than with placebo. In a subanalysis of a data pool of phase III 
studies with varying doses of darifenacin, an efficacy superior to placebo was 
found in the reduction of incontinence in geriatric patients. Several adverse effects 
on the CNS have been reported, such as headache, confusion, hallucinations, and 
drowsiness, related to the use of darifenacin. These effects were observed particu-
larly at the beginning of the treatment and/or when increasing the dose.

The Argentine National Pharmacovigilance System has not received reports of 
any of the adverse effects related to darifenacin above indicated. This administra-
tion recommends:

–– Warn patients, especially if they are older, that they should not drive vehicles or 
use heavy machinery, until they know if darifenacin produces effects on the CNS.

–– Suspend the treatment or consult the attending physician if adverse reactions 
such as confusion, hallucinations, and/or drowsiness occur.

This alert does not invalidate its use but makes it more specific, and these patients 
should be more controlled, especially since the dropout rate due to adverse effects 
with this drug is low. Darifenacin is the drug that showed a more adequate ratio for 
the selectivity of muscarinic receptors of the bladder compared with those of sali-
vary glands (M3 vs. M1) [8–12].

�Local Suppressors of Bladder Smooth Muscle

Within this group are tricyclic antidepressants, particularly imipramine, which 
reduces bladder contractility and increases output resistance. Its mechanism of 
action would be the direct suppression of bladder muscle activity. As these drugs 
have a narrow margin of safety, with significant adverse effects, they should be 
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handled with great caution in older  patients, especially due to its  cardiovascular 
toxicity.

�Central Action Drugs

Within the multiple sites of action of the 5-hydroxytryptamine (serotonin), are the 
motor cells of the lumbosacral medulla, where they exert a stimulating effect 
on sympathetic nerves and an inhibitory effect on parasympathetic nerves, increas-
ing the bladder capacity and favor continence. Several inhibitors of serotonin reup-
take are under investigation, however fluoxetine and venlafaxine have been 
investigated, finding that they have no beneficial effect on UI, conversely favoring 
incontinence by alpha-blocking effect [4].

�Drugs of Intravesical Action

Oxybutynin bladder instillations are effective for the treatment of overactive bladder 
in patients with poor response to oral treatment or poor tolerance to the drug. This 
route of administration would have a high rate of effectiveness, with fewer adverse 
effects due to its low systemic absorption and low levels of circulating metabolites 
due to lack of the first hepatic step. Despite all these, there are no randomized con-
trolled trials that demonstrate these benefits; also, the need to catheterize three to 
four times a day makes this route of administration poorly accepted and with low 
adherence to treatment. The use of local anesthetics such as lidocaine to decrease 
bladder activity is highly effective, but with very short duration effects, which is 
why it is not useful for long-term treatments. The botulinum toxin naturally pro-
duced by Gram-positive anaerobic bacillus Clostridium botulinum has been used 
since 1980 in various therapeutic applications. The toxins commercialized for uro-
logical use available in the market are type A and type B. For the treatment of over-
active bladder, the injectable form is used through fibrocystoscopy, applying it at 30 
different detrusor sites, avoiding the bladder trigone area. In general, the used doses 
are low, and the duration of the effect as well as the undesirable effects are dose-
dependent. The chemical denervation generated is not permanent, since between 6 
and 16 weeks it usually produces a reinnervation from collateral axons. The studies 
available to date show that botulinum toxin is an effective option for the treatment 
of neurogenic and non-neurogenic overactive bladder in those patients who do not 
respond to the use of anticholinergics. The benefit of its application in the urethral 
sphincter for the treatment of vesicourethral dyssynergia has also been demon-
strated. The use of botulinum toxin is not approved so far in diseases of the lower 
urinary tract, although the publications suggest its usefulness. Even more random-
ized trials with adequate methodological quality are needed to validate its applica-
tion and evaluate adverse effects. Generally, UUI treatment is lifelong and its 
objective is that the patient does not have any accidental urine leakage, and in very 
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old patients or patients severely compromised in their general health by other dis-
eases, a reasonable goal is that the daily losses are reduced as much as possible, and 
that the patients accomplishe a comfortable sleep [13].

�Stress Urine Incontinence (SUI) Treatment

The initial treatment of SUI is based on fortifying the pelvic musculature using 
Kegel perineal exercises. These simple exercises consist in making regular contrac-
tions of the perineal floor musculature. Patients who perform Kegel exercises regu-
larly for 15 to 21 days achieve up to 70% improvement in symptoms, and this can 
be maintained if the patient  continues exercising daily. Kegel exercises are also 
effective for patients with mild urogenital prolapse.

One option for patients who cannot perform the exercises is to offer them a reha-
bilitation therapy by electrical stimulation of the perineal muscles through an intra-
vaginal or intra-anal device. This method has an efficacy similar to Kegel exercises 
but requires trained personnel and the disposition of the patient. Another therapeu-
tic option is local estrogens, since systemic administration is currently contraindi-
cated, improving urethral trophism and reducing  SUI. They also increase the 
population of receptors α 1 periurethral (this would allow effective use of 
α-stimulating drugs) [5].

�Drugs for Stress Urinary Incontinence

Several drugs have been evaluated, and among the most prominent is the adrenergic 
group, such as ephedrine, pseudoephedrine, and phenylpropanolamine, which pro-
mote continence by favoring contraction of the smooth muscle of the urethra and the 
bladder neck, increasing the pressure of urethral closure. The Cochrane Library 
conducted a systematic review of the topic, concluding that the evidence available 
to date is weak enough to suggest that the treatment is superior to placebo. The 
duloxetine is approved for use as an antidepressant and is under review by the FDA 
for incontinence treatment.

It inhibits the reuptake of serotonin and noradrenaline, increasing its concentra-
tion in the spinal cord and amplifying the activity of the pudendal nerve. Randomized 
studies with a larger number of patients show a reduction in incontinence episodes 
between 54% and 64% versus 41% in the placebo group. Duloxetine also has very 
good results in post-prostatectomy urinary incontinence [4–9].

Kegel exercises are an excellent therapeutic option for patients with mild SUI 
without urogenital prolapse or with mild prolapse.
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�Urine Incontinence Due to Overflow (OFI)

The treatment of OFI depends on the cause that originates it; if it is obstructive, 
secondary to prostatic hypertrophy, the initial treatment can be with drugs or with 
desobstructive surgery; the recommendation should be given taking into account the 
patient’s preferences after explaining the advantages and disadvantages of the thera-
peutic procedures. Two types of drugs are available for OFI treatment: α-adrenergic 
blockers and finasteride. The administration of finasteride, in a single daily dose, 
reduces obstructive symptoms, increases urinary flow, and decreases prostate size 
by 25% after 3 to 6 months of treatment. Finasteride is useful only in patients with 
large prostates (size greater than 40 cc) and, if used for several years, decreases the 
risk of acute urinary retention and need of surgery. If pharmacological treatment 
was the first choice and it fails, the urologist should be consulted to seek surgical 
resolution of the problem.

When the OFI is nonobstructive, that is to say that it is produced by bladder 
atony, a pharmacological treatment can be tried or, alternatively, opt for the instru-
mental evacuation of the bladder. In older patients, the latter option is preferred 
since pharmacological treatments have many cardio-stimulant effects and can pro-
duce tachycardia, hypertension, and arrhythmias, which is why they are currently 
in disuse.

�Functional Urinary Incontinence (FUI)

In functional urinary incontinence, the problem solution is outside the urinary tract, 
as it is resolved by taking measures which facilitate patient access to the bathroom, 
bringing a potty closer, training their caregivers, implementing building reforms 
that improve their movement, place comfortable clothes, education, training of 
caregivers etc.

Obstructive OFI can be treated pharmacologically (with α-adrenergic block-
ers or finasteride) or by surgery. The choice of treatment will depend on the 
patients’ desire and their functional status and comorbidities.

The treatment of choice for SUI patients without urogenital prolapse or with 
small prolapse is Kegel exercises, eventually associated with local estrogens. 
In patients with grade III and IV prolapse, the specialist should be consulted 
to define the resolution of the problem. The definitive resolution is always 
surgical.
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�Conclusion

Urinary incontinence is considered one of the most frequent chronic problems in 
outpatients with maximum expression in the older individuals. Among its patho-
physiology and classification, the most important thing still is “think about it and 
make the correct question.” UI is one of that called Giants of Geriatrics (Inmobility, 
Instability, Intellectual impairment and Incontinence), described by Bernard Isaccs 
in the seventies, in UK. 
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Chapter 7
Polypharmacy and the Older Patient: 
The Clinical Pharmacologist Perspective

Paula Scibona, Maria Valeria Beruto, Nadia E. Savoy, 
and Ventura A. Simonovich

�Introduction

Advances in medical technology, new surgical procedures, and clinical practices as 
well as the development of new drugs and therapies have increased expectancy and 
quality of life of the general population, so, in recent decades, there has been a sig-
nificant increase in older patients.

This leads to an increase in the prevalence of chronic diseases and greater 
requirement for simultaneous therapeutic strategies. Therefore, doctors are more 
often challenged to face these situations in which chronic diseases are overlap, such 
as cardiovascular disorders, arthritis, diabetes mellitus, dementia, hypertension and 
cancers, among others, making polypharmacy something possibly necessary.

Different drug schemes are widely used in all age groups, but pharmacokinetic 
and pharmacodynamic changes related to age and the high rate of comorbidities that 
these concomitant pharmacological interventions require put older people at greater 
risk of drug interactions, adverse effects, and inadequate doses. It is also associated 
with a higher probability of hospitalization and morbimortality such as falls, frac-
tures, bleeding, and delirium [1].

�Polypharmacy

There is no global consensus on the specific definition of polypharmacy, although 
different definitions have been adopted in different bibliographic reviews.
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The World Health Organization (WHO) defines polypharmacy as the simultane-
ous administration of several medications to the same patient [2], although the exact 
number of medications used to define “polypharmacy” is variable and not 
determined.

In general, polypharmacy tends to be considered in quantitative terms, but we 
believe it is important to consider the qualitative aspects of it as well. A King’s 
Fund report attempts to classify polypharmacy as appropriate or problematic. It 
defines as appropriate the prescription for complex or multiple conditions, in 
which the use of medications has been optimized and the medications are pre-
scribed according to the best evidence, that is, with the intention of improving the 
quality of life and longevity and minimizing the damage. On the other hand, the 
same report defines problematic polypharmacy as the inappropriate prescription of 
multiple medications, or the non-obtaining of the expected benefit of the medica-
tion, through non-evidence-based therapy, unfavorable risk-benefit balance, dan-
gerous interactions, unacceptable treatment, or poor adherence, among other 
causes [3].

In the course of this chapter, we will consider polypharmacy as the prescription 
of five or more drugs at any time, as a quantitative distinction [4], and/or that any of 
these is used without clinical justification, as a qualitative distinction [5].

�Epidemiology of Polypharmacy

Polypharmacy is an increasing condition along all stages of life as seen in high- and 
medium-income countries, with estimates that show a prevalence between 40% and 
50% in older adults [6]. There are a number of factors that are still under study in 
terms of their role in polypharmacy, such as nursing home admission, in which the 
evidence is contradictory whether it increases or not the risk of polypharmacy. 
Other factors, such as number of prescribers and frailty, are definitely associated 
with a higher risk of polypharmacy. Some studies have found that the number of 
medications increases between 60 and 80 years old and starts to decline after the age 
of 85 years old, which depicts an inverted U-shaped association between age and 
number of drugs [7].

There are still many gaps of knowledge in terms of the epidemiology of poly-
pharmacy not only because we lack prospective studies designed to specifically 
measure incident and prevalent polypharmacy but also because it is very difficult to 
determine the impact of polypharmacy in an aging cohort with multiple comorbidi-
ties. In this sense, confounders are one of the many biases that may challenge these 
types of studies.

However, with a conservative perspective, it is estimated that drug-drug interac-
tions occur in 13% of patients with polypharmacy. When the number of drugs raises 
to ten or more, the chance to have a potentially serious interaction climbs to 30% 
[8]. Consequently, the number of adverse drug reactions increases not only for the 
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effect of the individual drugs but also for the interactions between them. One of the 
main drivers for adverse drug reactions and for unplanned hospitalization is 
polypharmacy.

When assessing polypharmacy, it is of great importance to evaluate the use of 
nonprescription medications in older adults, as well as herbal remedies and nutri-
tional supplements. Older adults should be warned about the possibility of experi-
encing drug-drug interactions and adverse drug reactions between their prescribed 
medications and any other non-prescribed, herbal, or nutritional formula. On the 
other hand, physicians should be encouraged to identify unnecessary drug use and 
deprescribe. Several studies show that there is a high prevalence of patients that 
have suboptimal or lack of indication for drugs that they are consuming. There are 
also patients that have been prescribed with ineffective drugs for their conditions or 
therapeutic duplication in their medication regimens. This can be assessed by the 
Medication Appropriateness Index (MAI) criteria. The reasons for the unnecessary 
drug use included no indication (32%), lack of effectiveness (18%), and therapeutic 
duplication (7%). Gastrointestinal, central nervous system, and therapeutic nutrient/
mineral agents were found to be the most commonly used unnecessary drugs [9]. 
Even worse, another study showed that there is a high prevalence of medication 
underuse, meaning that some patients are not receiving medications for which they 
have a clear indication, and that some of these patients experience unnecessary use 
as well. In other words, there are patients, around 40% of the patients with poly-
pharmacy, that are prescribed with unnecessary drugs and not prescribed with drugs 
that they really need.

In Sweden, a 2012 study identified the 20 most commonly prescribed medica-
tions in the general population of people aged ≥65 years and revealed that these 
medications were used by up to 35% of older adults. Several of these medications 
were associated with falls, including hypnotics, sedatives, antidepressants, opioids, 
and other nonsteroidal analgesics and anti-inflammatories, antipsychotics, thiazide 
diuretics, angiotensin-converting enzyme (ACE) inhibitors, thyroid hormones, and 
medications for constipation [10].

In 2012, a Canadian study concludes that medications that increase the risk of 
falls include medications for cardiovascular diseases (e.g., digoxin, antiarrhyth-
mics, and type 1a diuretics), benzodiazepines, antidepressants, antiepileptics, anti-
psychotics, antiparkinsonians, opioids, and urological spasmolytics. These drugs 
have a wide spectrum of adverse effects, so it should take particular care and priori-
tize the need for treatment [11].

�Scores to Assess Polypharmacy

There are different tools for assessing inappropriate prescribing, the majority focus-
ing on the older population, that is, Beers’ criteria, STOPP (Screening Tool of Older 
People’s potentially inappropriate Prescriptions), START (Screening Tool to Alert 
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doctors to Right Treatment), Medication Appropriateness Index, comorbidity-
polypharmacy score (CPS), or a combination. None of these tools are specifically 
designed to assess the liability of polypharmacy although some are arguably better 
suited to this. Importantly, it is useless to measure polypharmacy if comorbidities 
are not measured in view that we face the emergence of a twin phenomenon: multi-
morbidity and polypharmacy. Comorbidities may be included at the polypharmacy 
score, as in the CPS, or may be measured by specific scores, as Charlson’s score. 
However, there is room for improvement in the development of tools to measure not 
only the quantity and appropriateness of prescribed drugs but also the risk associ-
ated with the prescription [12].

�Pharmacological Considerations with Impact 
on Polypharmacy

�Pharmacokinetics and Dynamics

Pharmacokinetics studies the processes carried out by drugs within the body from 
the moment they enter until they are eliminated; these processes are absorption, 
distribution, metabolism, and elimination.

Pharmacodynamics studies the actions and effects of different drugs in the body 
and its mechanism of action.

Even in the absence of a specific disease, the passage of time is associated with 
different changes in both kinetics and pharmacodynamics, which may predispose 
to variations in the response to drugs, increasing the incidence of adverse 
effects [13].

Around the age of 40, changes in body composition begin: muscle mass 
decreases, fat increases, liver function alters, decrease in renal function progres-
sively begins, and there is a progressive reduction in total body water, gastrointesti-
nal motility reduction, and blood flow and gastric acid secretion. All these changes 
are accentuated as people get older and can affect the kinetics of drugs. However, 
the net effect of all these changes is difficult to predict [14].

Intestinal changes such as decreased motility, flow, and acid secretion can affect 
the absorption of different drugs, especially those that depend on an acidic medium 
to be absorbed.

Changes related to total body water and fat can affect the distribution of drugs. 
The decrease in total body water generates a decrease in the volume of distribution 
(Vd) for hydrophilic drugs, while the increase in total body fat produces a 20–40% 
increase in Vd for lipophilic drugs [15, 16].

On the other hand, it is known that the volume of distribution (Vd) increases with 
age, partly due to a decrease in protein-binding and mainly due to a relative increase 
in fat [17]. However, the increase in the free plasma fraction and the decrease in 
total clearance compensate the effect of aging on Vd [18].
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The vast majority of drugs present before being eliminated some type of metabo-
lism, mainly at the liver level and particularly by the microsomal system. Changes 
in liver volume and blood flow determine a reduction in metabolic reactions, par-
ticularly those known collectively as Phase I, catalyzed by cytochrome P450 
enzymes (CYP450), which in turn can reduce total and drug-free elimination 
[19–21].

At the same time, liver metabolism is where drug interactions occur most 
frequently.

The main route of drug elimination is renal, which, in turn, is the most sensitive 
to age-related physiological changes and is also a route subject to potential 
interactions.

Physiologically there is a progressive reduction in the glomerular filtration rate 
(GFR). The reduction of glomerular filtration rate (GFR) secondary to aging begins 
around 30 years and continues to decrease at a rate of approximately 1 mL/year. It 
should be noted that this reduction in GFR is not reflected in serum creatinine and 
urea levels; they usually have normal values ​​[22]. Similarly, the effective renal 
plasma flow (ERPF) is reduced in the course of life, reaching up to 50% in 
older people.

This progressive decrease in GFR is associated with a prolongation of the half-
life (T1/2) of different non-lipophilic drugs that have a predominantly renal clear-
ance [22, 23]. The measurement or estimation of creatinine clearance or GFR should 
always be done before starting any new drug to perform dose adjustment. Reduction 
of renal clearance of drugs may result in an increased risk of dose-dependent adverse 
effects [24, 25].

On the other hand, over the years, the capacity of secretion of the tubules is 
reduced; this must be taken into account for those medications that are excreted by 
renal secretion to avoid the accumulation of these drugs [26].

Because the physiological changes have an impact on the kinetics of most of the 
prescribed drugs, they must always be kept in mind when indicating, assessing 
adverse reactions and eventual dangerous interactions.

According to the aforementioned changes, there are different strategies to con-
sider at the time of prescription: reduction of individual doses, increase in the inter-
dose interval, or a combination of both, depending on whether the area under the 
curve (AUC) or maximum concentration (Cmax) is the main pharmacokinetic char-
acteristics associated with efficacy and/or toxicity [27].

�Pharmacodynamics

Pharmacodynamics may also change over time, mainly in relation to drug sensitiv-
ity. The same pharmacokinetic concentration in the biophase may produce reduced 
or, more frequently, increased effects (usually adverse effects) in older patients 
compared to younger patients [24]. This, in turn, may suggest the need for further 
dose reductions for some medications. In contrast, in some cases, older patients 

7  Polypharmacy and the Older Patient: The Clinical Pharmacologist Perspective



96

show less sensitivity, for instance, with medications that affect beta-adrenergic 
receptors. Except for antimicrobials, the preferred therapeutic approach in older 
patients has generally been to “start low and go slow” to avoid adverse effects. 
However, this poses risks for a possible suboptimal therapy [25, 28].

�Pharmacogenetics and Therapeutic Drug Monitoring (TDM)

The pharmacological effects depend on the result of a series of pharmacokinetic 
processes, which determine how much drug reaches the biophase (target tissues), 
and pharmacodynamics, which involves the interaction between drug and its site of 
action [26]. These processes occur at a variable rate in different individuals and 
depend on many factors including sex, age, diet, environmental factors, pharmaco-
logical interactions, demography, and clinic, but one of the main determinants of 
this variability is the genetic. The structure, function, and expression of most of the 
enzymes involved in the transport and metabolism of the medications, as well as the 
specific receptors of the medications, can be affected by the presence of genetic 
variants, which in turn can modify the effect of planned therapeutic or the occur-
rence of adverse effects [29].

Genetic factors contribute to response variability in various ways, since they encode 
proteins involved in drug transport and their metabolism, or in the specific receptors 
on which the different drugs act. The genetic variants could have an impact on the 
therapeutic response to different drugs, which are mainly those of the cytochrome 
P450 superfamily. This superfamily is composed of a set of enzymes that perform 
reactions of oxidoreduction in the metabolism and are involved in the elimination of 
endogenous compounds and various drugs. The genes that encode these enzymes may 
have variants in the sequence that condition the response to the different drugs.

The biotransformation of drugs in the older population is more likely to be the 
basis of an adverse reaction when the family of liver enzymes P450 is involved. It is 
known that many medications are inducers or inhibitors of this enzyme system. 
Therefore, in theory, even with a drug that a patient has tolerated well, there is the 
possibility of an adverse reaction when a second drug is added that also intervenes 
in this metabolic pathway.

The research of these genetic variants prior to drug administration would help 
predict the patient’s response. This concept represents the central objective of phar-
macogenomics. However, pharmacogenetic knowledge does not explain all the 
variability in responses to medications [29]. Consequently, therapy must combine 
genetic information and non-genetic factors.

TDM refers to the individualization of the dosage of drugs within a therapeutic 
range and involves the measurement of plasma or serum drug concentrations. TDM is 
very useful since patients can respond differently to the same dosage regimen, depend-
ing on the changes and variability in the absorption, distribution, and elimination of 
the drug, such as the pediatric population, critical patients, and older individuals.

The aging process implies a progressive loss of the functional capacities of the 
organs, and this leads to changes in kinetics [30, 31]. In addition, older patients have 
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a greater susceptibility to the toxic effects of medications. The unexpected or altered 
response to medications in this group compared to younger individuals can be 
mainly explained by changes in pharmacokinetics, dynamic changes, or pharmaco-
logical interactions [30]. In turn, there are many different clinical scenarios (sepsis, 
cardiac arrhythmias, etc.) in older patients which can further modify these processes 
so that they could benefit from therapeutic drug monitoring [29].

�Polypharmacy-Related Risks

The risk of occurrence of adverse drug events increases with each new drug added 
to the treatment regimen, and, the greater the number of medications consumed, the 
greater the risk of occurrence of a clinically severe drug interaction [21]. As we 
already commented, older adults frequently receive a large number of medications 
prescribed by one or more professionals, beyond that of unnecessary costs, poly-
pharmacy puts this population at risk of dangerous drug interactions and greater 
adverse effects.

Adverse effects related to medications are responsible for 30% of outpatient 
geriatric consultations and 10–17% of hospital admissions, and it is estimated that 
over 90% of those admitted have polypharmacy reported [32]. Among the drugs 
most frequently associated with adverse reactions, warfarin is involved in approxi-
mately one-third of these hospitalizations, while insulin, oral antiplatelet agents, 
and oral hypoglycemic agents accounted for approximately another third. In con-
trast, medications commonly designated as high risk or potentially inappropriate 
(according to Beers’ generalized criteria) were rarely involved [33, 34].

An adverse reaction to the drug should be suspected whenever an older patient 
has an unexpected change in their baseline state.

The prevalence of clinically important interactions has been reported to be 15% 
in a sample of frail older people in the United States [35].

While polypharmacy showed increased mortality in statistical terms [36], the 
causality of this relationship remains unclear but emphasizes the need for a bal-
anced approach between the risk and benefit of the prescription of medications.

Additionally, polypharmacy is associated with a wide range of clinical conse-
quences, but the risk assessment must be refined, primarily taking into account the 
“multimorbidity confounder,” since the risk is directly related to the comorbidities 
of the patients and not only with the number of prescribed drugs [37].

�Polypharmacy and Frailty

Frailty is a common clinical syndrome in older adults that carries an increased risk 
for poor health outcomes including falls, incident disability, hospitalization, and 
mortality [38]. Frailty is theoretically defined as a clinically recognizable state of 
increased vulnerability resulting from aging-associated decline in reserve and 
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function across multiple physiologic systems, such as when the ability to cope with 
everyday or acute stressors is comprised. There are two main established methods 
for the evaluation of frailty: (i) Fried’s criteria, which define a clinical syndrome or 
phenotype, including weight loss, exhaustion, weak grip strength, slow walking 
speed, and low physical activity, and (ii) the Frailty Index, first developed by 
Rockwood et al. which counts accumulated deficits of measures such as symptoms, 
signs, diseases, and disabilities with the hypothesis that the more deficits a person 
has, the more likely that person is to be frail.

Frailty and polypharmacy are common and widely studied entities in geriatric 
patients, although little is known about the impact they may have on each other. 
Undoubtedly, frailty can be observed as a cause of polypharmacy, but it can also be 
a consequence of polypharmacy and even a risk factor for negative outcomes with 
regard to drug-drug interaction and adverse drug reactions. Frailty is associated 
with physiological changes, chronic diseases, a diminished cognitive status, as well 
as PK/PD changes.

The association between frailty and polypharmacy seems so evident that even 
some scales or tools to measure frailty, including the Edmonton Frail Scale, the 
Groningen Frailty Indicator, or some versions of Frailty Index, include the con-
sumption of drugs.

Despite the obvious association, it is difficult to establish causality and deter-
mine what occurs first: frailty or polypharmacy.

Observational studies have determined that frail patients are more prone to be 
under polypharmacy than robust patients and that beyond 6.5 co-prescribed drugs 
the number of frail patients increases exponentially [39].

Again, we lack prospective studies that can assess the transition to pre-frailty and 
frailty along with the addition of prescribed drugs to analyze the sequence of events 
and the relation between frailty and polypharmacy.

Herr et al. showed that excessive polypharmacy and frailty are independent risk 
factors for mortality, but the combination of both multiplied by 6.30 the risk of 
dying during a 2.6-year follow-up period [40].

�Medicinal Cannabis Use in Older People

As medicinal cannabis gains better regulation from health authorities around the 
globe, its use increases notoriously. Older people are no exception to this phenom-
enon, and they certainly take advantage of this alternative. The 2016 National 
Survey of Drug Use and Health showed a tenfold increase in cannabis use among 
adults over age 65. Researchers from the University of Colorado conducted a quali-
tative study about cannabinoid use in older patients, and one of the findings was that 
patients were reluctant to discuss with their doctors about the use of cannabinoids 
and that they preferred recreational cannabis instead of medicinal cannabis. The 
clinical situations in which patients use cannabinoids are generally pain, anxiety, 
and depression [41].
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Health teams must be aware of the use of medicinal cannabis by their patients 
and ready to deal with side effects, interactions, and, eventually, with abstinence 
syndrome, especially during hospitalizations.

In general, older patients may be more sensitive to the effects of drugs acting on 
the CNS. A number of physiological factors may contribute to this sensitivity such 
as (1) age-related changes in brain volume, number of neurons, and neurotransmit-
ter sensitivity, (2) age-related changes in the pre- and post-synaptic number and 
sensitivity of neurotransmitter receptors, and (3) changes in drug distribution in 
older people, with higher concentrations of psychotropic drugs in the CNS [42].

A couple of studies have found that the most reported adverse events related to 
medicinal cannabis use are sedation-like symptoms, such as drowsiness, tiredness, 
and somnolence [43, 44]. Nervous system-related adverse events are of particular 
interest in geriatrics because they increase the risk of falls, which leads to an 
increased morbidity and mortality. This finding could be of major clinical impor-
tance in older patients, as these adverse events may lead to an increased risk of falls, 
especially when administering higher doses of cannabinoids, as tetrahydrocannabi-
nol (THC) is known to cause a dose-dependent increase in adverse events [45].

However, it is worth noting that cannabinoids have a safety profile that does not 
raise serious concerns about their use as a general rule. The rate of serious adverse 
events did not differ significantly between cannabinoid group and controls (RR 
1.04, 95% CI 0.78–1.39) in the systematic review performed by Wang et al. [44]. In 
the systematic review by van den Elsen et al., one serious adverse event was found: 
the development of a grand mal seizure in an older subject with Alzheimer’s dis-
ease, directly after receiving 2.5 mg dronabinol [43]. This finding is certainly diffi-
cult to interpret as the literature suggests that cannabinoid agonists may actually 
have an anti-epileptic effect [46].

Older  patients treated with cannabinoids have to be strictly assessed and fol-
lowed up about their cardiovascular system status, as they can experience low blood 
pressure and cardiac arrhythmias [47].

Cannabinoids may be administered through a great variety of route, that is, oral, 
sublingual, dermal, smoked, inhaled, etc. The pharmacokinetic profile of THC is 
highly dependent on the route of administration. Oral and sublingual administration 
of THC is characterized by a slower absorption than inhaled administration; it also 
has a more extensive first-pass effect and a lower rate of drug delivery to the brain, 
probably resulting in fewer and delayed adverse effects [48]. Interestingly, oral 
administration – possibly the preferred route for older adults – results in relatively 
high plasma concentrations of the metabolite 11-OH-THC, which in turn contrib-
utes to psycho-active symptoms [49].

Drug-drug interactions are mediated by pharmacodynamic and/or pharmacoki-
netic mechanisms. Cannabis is being used in various forms as crude extracts or 
purified ingredients (with different THC/cannabinoids ratios); therefore, drug inter-
actions caused by cannabis depend not only on the drugs involved but also the 
chemical components/profiles of the cannabis preparations used. Among pharmaco-
dynamic interactions, we may observe agonism or antagonism between drugs. One 
of the most profited pharmacodynamic interactions is the synergistic relation 
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between opioids and cannabinoids for the treatment of severe and chronic pain. 
With regard to other pharmacodynamic interactions, bidirectional effects may be 
expected when affecting membrane transporters (P-glycoprotein, breast cancer 
resistance proteins, and multidrug resistance proteins) and metabolizing enzymes 
(cytochrome P450 and UDP-glucuronosyltransferases). However clinical effects of 
these interactions seen in vitro are rare due to redundant mechanisms in the organ-
ism. Nevertheless, caution should be taken to closely monitor the responses of can-
nabis users with certain drugs to guard their safety, especially for older people with 
chronic diseases or kidney and liver conditions [50].

�Deprescribing

Polypharmacy in many cases is a consequence of medications prescribed by various 
health agents, which sometimes are inappropriate or unnecessary but which in turn, 
for different reasons, are not suspended.

To avoid this in patients affected by multiple pathologies, it is appropriate to 
establish treatment priorities and always consider an initial non-pharmacological 
therapeutic approach (e.g., exercise and weight reduction), this helps to avoid poly-
pharmacy, as well as to monitor the benefits and potential damages of prescription 
drugs to reduce their adverse effects. If it is necessary to initiate a treatment, it is 
recommended to start with low doses and slow titration, always considering phar-
macological interactions at the time of prescription [30, 51].

Deprescription is the process of planned gradual or supervised reduction or the 
safe withdrawal of potentially inappropriate medications that may cause harm, 
either because they no longer have that indication or are no longer beneficial to the 
patient’s pathology.

The purpose of deprescription is to reduce inappropriate polypharmacy and the 
damage of medications and improve outcomes related to the patient’s health.

The best way to deprescribe is to reduce medications one by one, and the whole 
process requires careful evaluation, effort, commitment, and time. Elimination 
should be considered after careful evaluation of the patient’s general health, thera-
peutic objectives, compliance with the medication with the current treatment regi-
men, and the willingness to eliminate the medicine. To achieve this successfully, the 
elimination process must follow an evidence-based, patient-centered, and team-
based approach that involves both health professionals and patients/caregivers to 
effectively reduce inappropriate use of medicines [52].

The dose reduction is particularly useful in multimorbid older adults with cardio-
vascular disease and concomitant geriatric conditions such as polypharmacy, frailty, 
and cognitive dysfunction.

Triggers for deprescribing include present or expected adverse reactions to medi-
cations, unnecessary polypharmacy, and the need to align medications with the 
goals of care when life expectancy is reduced [53].

While the deprescription strategy seems to be ideal, it is not without difficulties. 
Approximately 25% of the polymedicated population refuses to reduce or suspend 
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medications that were being taken despite the recommendation of their general 
practitioner, mainly those related to disorders of gastric acid, analgesics, and anti-
inflammatories. In turn, inertia, conservatism, and fragmented medical care were 
the main barriers to refusing deprescription [54].

To avoid these problems and make deprescription a useful and daily tool, it is 
necessary to establish certain parameters so that the process would be feasible, such 
as implementing standardized deprescription processes in clinical care in a cost-
effective way, involving all (patients, health systems, etc.) throughout the process to 
achieve positive health and quality-of-life results.

It is necessary to incorporate deprescription in the medical culture. The evidence 
available so far suggests that dose reduction has potential benefits and seems 
safe [55].

�Conclusion

As we described throughout this chapter, the number of chronic diseases added to 
the increase in life expectancy leads to a high risk of both prevalent and incident 
polypharmacy. It is assumed that the more comorbidities a person presents, the 
greater the number of prescribed drugs; therefore, polypharmacy could be consid-
ered a reflection of chronic comorbidities [56]. However, the association between 
increased drugs and morbidity and mortality only finds clinical significance when 
the drugs are not adequately indicated.

Currently we still have a long way to go in relation to polypharmacy, starting 
with a more standardized definition that not only contemplates the number of drugs 
but also takes into account the characteristics of the patient. We must always keep 
in mind that the more drugs we prescribe to a patient, the greater the risk of potential 
harm, which may be given not only by an inappropriate indication but also by the 
different interactions it could have.

On the other hand, we must always prioritize treatments and participate in thera-
peutic decisions to patients. The periodic review of therapeutic strategies should 
include deprescription, thus preventing patients from accumulating medications at 
each consultation.

Rational prescription, as well as deprescription, seems to be the best remedy 
against polypharmacy.
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Chapter 8
Vitamin D and Frailty

Jack Feehan, Steven Phu, and Gustavo Duque

�Introduction

Since its discovery shortly after the turn of the twentieth century, the scientific 
understanding of the physiology of vitamin D has evolved significantly [1] from a 
vitamin with a role in bone health and prevention of rickets to the complex hormone 
that it is now understood to be. Indeed, its importance across a wide range of areas 
is becoming clear. Vitamin D is a critical mediator between the musculoskeletal and 
renal systems, and an understanding of how it affects and in turn is affected by each 
of these systems in the development of frailty is key to the management of geriatric 
patients into the future. In this chapter, we summarize current evidence on the role 
of vitamin D in physical and cognitive frailty and updated recommendations on 
vitamin D supplementation in frail older patients.
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�Vitamin D: Biosynthesis, Action, and Metabolism

Vitamin D refers to a group of fat-soluble secosteroids, with a wide range of actions 
across multiple tissues and physiologies [2]. While referred to as vitamins, these 
compounds are more correctly endocrine hormones in terms of their physiological 
nature and effects [3]. Vitamin D is gained in small quantities from the diet (particu-
larly in foods fortified with vitamin D) or from supplementation, however sun expo-
sure is the major source in humans (Fig. 8.1). While there are a number of members 
of this group, the most biologically relevant is cholecalciferol, also commonly 
known as vitamin D3, which is principally synthesized when the deeper layers of the 
dermis are exposed to sunlight. Other members of the vitamin D superfamily which 
have small but still relevant effects include ergocalciferol (or vitamin D2) [4]. 

UVB
radiation

7-DHC Previtamin D

25-Hydroxylase

25(OH)D PTH

VD31α-hydroxylase

1,25(OH)2D

Fig. 8.1  Vitamin D 
metabolism and clinical 
effects related to frailty
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Cholecalciferol is an inactive prohormone, requiring a two-step process of hydrox-
ylation before it becomes the biologically active form of vitamin D, calcitriol. The 
kidney plays a key role in the activation and regulation of vitamin D, and alterations 
to renal function have a profound impact on the biological activity of this hormone.

�Biosynthesis (Fig. 8.1)

Vitamin D synthesis begins with the photoisomerization of 7-dehydrocholesterol 
(7-DHC) in the deeper layers of the epidermis, particularly in the stratum basale and 
stratum spinosum [5]. The origin of 7-DHC in the epidermis is not fully understood. It 
was once thought to be transported from the epithelial layers of the digestive tract, but 
has been shown in high concentrations in the membranes of epidermal keratinocytes, 
and is likely to be secreted from the skin itself as part of the pathway of cholesterol 
synthesis. 7-DHC is a photo acceptor of UVB radiation, absorbing light 290–320 nm 
range with a peak production range between 295 and 300 nm [6]. On exposure to 
radiation in these ranges, chemical bonds are broken in the hydrocarbon ring, causing 
it to open, becoming pre-vitamin D, which rapidly undergoes spontaneous isomeriza-
tion to form cholecalciferol [6]. Once synthesized, cholecalciferol circulates until it 
reaches the liver, where it undergoes its first hydroxylation by the vitamin D 25-hydrox-
ylase enzyme in the hepatocyte to form 25-hydroxyvitamin D (25(OH)D) or calcife-
diol [7]. Calcifediol has a long half-life (19–29 days), which makes it an effective 
reservoir for vitamin D in the circulation, where it remains as an inactive precursor 
hormone [8]. When required, calcifediol is activated in the proximal tubule of the 
nephron, where it undergoes a second hydroxylation by the enzyme 25-hydroxyvita-
min D3 1-alpha-hydroxylase (VD31A), becoming the biologically active hormone, 
calcitriol, or 1,25-hydroxyvitamin D [9]. In contrast to calcifediol, calcitriol has a very 
short life span (5–8 h) but has a significantly stronger affinity for the vitamin D recep-
tor (VDR) and subsequently a much larger biological effect in the target tissues [10].

The final step in vitamin D activation by the kidney also serves as the key regula-
tion point for its metabolism and action. In response to decreased serum concentra-
tions of calcium, parathyroid hormone (PTH) is released. As well as acting directly 
on the receptor activator of nuclear factor κB ligand (RANKL)/osteoprotegerin 
(OPG) axis to increase release of calcium from the skeleton [11], it acts to upregulate 
the activity of the VD31A enzyme in the renal tubules, causing more activation of 
vitamin D [12]. It is also of note that as concentrations of calcitriol increase, the 
release of PTH’s antagonist hormone calcitonin is inhibited [13].

�Biological Activity

The biological effects of vitamin D are largely attributed to its binding of the 
VDR. The VDR is expressed in a wide range of cell types and unbound is located in 
the cytosol [14]. Once the fat-soluble, active vitamin D diffuses into the cell, it binds 
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to the VDR in the cytosol and translocates to the nucleus. Here the receptor-ligand 
complex acts as a transcription factor, increasing expression of effector proteins 
specific to the tissue in which it is acting [14]. The VDR is involved in the regulation 
of a large array of functions, causing changes in the expression of over 900 genes in 
humans across a broad range of physiological systems and pathways [15].

While calcitriol has a wide spectrum of biological effects, its role in mineral homeo-
stasis is the most well defined. Calcitriol strongly increases circulating concentrations 
of calcium, via three major mechanisms, acting on the intestinal mucosa to increase 
Ca2+ absorption, on the renal tubules to increase reabsorption, and on the bone to pro-
mote mineral release. In all three of these mechanisms, it acts in synergy with PTH.

In the intestinal mucosa, activation of the VDR causes an increase in the synthe-
sis of calcium-binding protein. This causes increased capacity of the epithelial cells 
in the intestinal mucosa to bind to and absorb calcium in the gastrointestinal tract, 
increasing uptake from the diet [16]. This effect is mirrored in the renal tubules, 
with increased expression of calcium-binding protein in both the proximal and dis-
tal tubules, causing increased reabsorption [17]. Finally, vitamin D acts on the 
osteoblast, causing an increase in the expression of the receptor activator of nuclear 
factor kappa-Β ligand (RANKL), which acts to increase osteoclastogenesis [18]. 
The pro-resorptive effect of vitamin D appears counterintuitive, given the well-
known associations of deficiency with conditions such as rickets, osteomalacia, and 
osteoporosis. It is believed that this discrepancy is caused by the strong effect vita-
min D has on intestinal absorption, which results in a net gain in calcium, the excess 
of which is later incorporated into the bone.

Outside mineral homeostasis, vitamin D has a number of other biological effects 
relevant to the onset of kidney disease and frailty. VDR is expressed in skeletal 
muscle, and vitamin D regulates gene expression and modulates ligand-dependent 
uptake of 25-hydroxyvitamin D3 in primary myofibers thus acting as a myotrophic 
factor [10]. In addition, it has also shown to be strongly anti-inflammatory, with the 
activation of the VDR inducing decreased cytokine secretion, inhibiting activity of 
both innate and acquired immune cells, as well as downregulating activity of several 
other key inflammatory pathways [19]. There is also mounting evidence that vita-
min D has a role in inhibiting the renin-angiotensin system. Vitamin D acts to inhibit 
the activity of renin, and subsequently decrease the levels of angiotensin II in the 
circulation, providing a protective benefit in hypertensive disease [20].

�Vitamin D Deficiency in Kidney Disease (Fig. 8.2)

Vitamin D metabolism is strongly influenced by the kidney and in turn has strong 
effects on renal physiology. Any renal pathology that results in diminished glomeru-
lar filtration rate (GFR), particularly in a chronic setting, will cause vitamin D defi-
ciency [9].

One of the major drivers in this deficiency centers on the key activation step 
of  vitamin D by the VD31A enzyme in the proximal renal tubular epithelium. 
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As mounting kidney damage occurs, the resulting decrease in GFR causes dimin-
ished exposure of vitamin D to the enzyme with a corresponding decrease in activa-
tion [21]. This leads to a functional loss of vitamin D, as it becomes “trapped” in its 
inactive precursor form. This ongoing vitamin D deficiency causes a progressive 
decline in serum calcium concentration due to compromised intestinal absorption, 
with corresponding increases in PTH secretion to counter this. However as the 
action of PTH is partly vitamin D dependant, secondary hyperparathyroidism 
occurs. This increase in PTH levels as a result of vitamin D deficiency is a recog-
nized cause of secondary hyperparathyroidism [22].

This chronic elevation of PTH contributes to the onset of frailty, particularly 
from the perspective of weakening bone and muscle. As vitamin D-mediated intes-
tinal calcium absorption is compromised, serum concentrations of calcium must be 
maintained through bone resorption. As mentioned earlier, ordinarily the action of 
PTH on bone resorption is countered by the significantly larger influx of calcium 
from the gastrointestinal tract. However as the intestinal response is vitamin D 
dependant, it no longer occurs, or is compromised, and so bone quality is dimin-
ished over time [22, 23]. The role of secondary hyperparathyroidism in the extra-
skeletal components of frailty is still unclear; however, a number of studies have 
shown a correlation between the two. Increased PTH levels are associated with both 
incidence of frailty [24] and reduced gait velocity, grip strength, and limits of stabil-
ity in older persons [24].

In summary, kidney disease is an important cause of vitamin D deficiency, and 
an understanding of the underlying mechanisms behind this is vital in the treat-
ment of these patients. Ongoing deficiency, associated with alterations in the tar-
get tissues combined with elevated serum PTH, has a large impact on overall 
condition of the patient, with a steady decline into frailty commonly occurring as 
a result.

Kidney
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GFR Hyperparathyroidism

Vitamin D
deficiency

Frailty

VD31α
hydroxylase

PTH
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Cognitive decline

Decreased bone
density
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Fig. 8.2  Relationship between vitamin D deficiency features, sarcopenia, and frailty
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�Vitamin D Deficiency: Clinical Manifestations

As described above, vitamin D is metabolized through several processes with the 
assistance and feedback of hormones such as parathyroid hormone (PTH). In recent 
times, identification of the presence of the VDR in other tissues such as in the mus-
cular and nervous systems has resulted in increased interest in the outcomes associ-
ated with vitamin D deficiency.

�Epidemiology of Vitamin D Deficiency

The gold standard of vitamin D assessment is the measurement of 25(OH)D concen-
tration, the inactive precursor form of vitamin D, due to its stability and long half-
life [25]. Deficient levels of vitamin D are defined as those less than 50 nmol/L 
(20 ng/mL), with individuals presenting with levels below 30 nmol/L (12 ng/mL) 
considered severely deficient with increasing risk of osteomalacia (defined as the 
presence of higher amount of unmineralized bone matrix) or rickets [26, 27]. 
However the limits are difficult to define due to the drastic seasonal changes in cir-
culating vitamin D due to changes in sun exposure [28]. Epidemiological studies 
have found significant numbers of vitamin D deficiency across multiple populations 
of older adults, with prevalence ranging from 17.4% to as high as 70.7% [29–32].

With regard to frailty, there is strong evidence highlighting the links between 
vitamin D status and frailty. When classifying those who presented with adequate 
and inadequate levels of vitamin D using a cut-point of 75 nmol/L (30 ng/mL) in 
Korean older adults aged 70–84 years, an increased likelihood of frailty was found 
[33]. In another study comparing Italian men and women over the age of 65 years, 
those who were vitamin D-deficient (<50 nmol/L) were significantly more likely to 
present with frailty with odds ratios of 4.94 and 1.43, respectively [34]. In a pro-
spective study which followed older women from the ages of 75–85 years, associa-
tions were also evident between vitamin D deficiency (levels below 50 nmol/L) at 
80 years and future frailty [35]. Finally, a study of Portuguese older adults present-
ing with vitamin D levels in the lowest quartile consistent with severe deficiency 
(<30 nmol/L or 12 ng/mL) has identified significantly increased risk of pre-frailty 
(2.65 times more likely) and frailty (3.77 times more likely) [36]. These studies 
provide strong evidence for the role of vitamin D deficiency in frailty. With an aging 
population worldwide, the prevalence of vitamin D deficiency and frailty is expected 
to increase, placing considerable strain on healthcare systems [37].

There are a number of important risk factors for vitamin D deficiency. Studies 
have reported links between low sun exposure [29, 31, 32], older age [29, 31, 33], 
physical inactivity [31, 32], socioeconomic status [29, 31, 32], smoking [31], obe-
sity [31], living alone [31], and darker skin tone [30] with vitamin D deficiency. 
Importantly many of these risk factors also coincide with those of frailty [38], and 
vitamin D deficiency commonly presents with a multitude of varied clinical 
manifestations.
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�Clinical Manifestations

The identification of the VDR located in numerous organs and tissues has resulted 
in numerous studies examining the role of vitamin D deficiency on bodily functions 
across a number of physiologies, including the musculoskeletal, cardiovascular, 
nervous, and immune systems. This section will focus on the impact of vitamin D 
deficiencies which directly contribute to the development of frailty, in particular, 
bone, muscle, and cognitive function.

�Bone and Fractures

As the primary role of vitamin D is to maintain calcium homeostasis, dysregulation 
of this system due to low reserves of vitamin D has profound impacts on the bone 
[39]. These effects were evident in a large Dutch study of over 1000 older adults, 
with vitamin D-deficient participants expressing a combination of increased bone 
turnover, lower bone mineral density, and increased PTH levels [40]. Interestingly, 
bone mineral density and total bone mineral content were found to increase consis-
tently until levels of 50–60 nmol/L were achieved, further highlighting the interac-
tions between vitamin D and bone. Left untreated, long-term vitamin D deficiency 
and the resulting hyperparathyroidism may lead to the development of osteomalacia 
and osteoporosis which are both characterized by the weakening of bone, thereby 
increasing the risk of fractures. Evidence of this has been shown in work by van 
Schoor and Heymans [41], where older adults between the ages of 65 and 75 years 
with severe deficiency in vitamin D (<30 nmol/L) presented with more than three 
times increased risk of fractures over the course of a 6-year follow-up compared to 
those with vitamin D levels >30 nmol/L. However, not only were participants in this 
study at increased risk for fractures, but significantly increased risk for falls (4.5 
times more likely) and poor physical performance (1.5 times more likely) were also 
evident and will be discussed in upcoming sections.

Finally, it is important to consider the wider implications of vitamin D-related 
declines in both health, particularly regarding osteoporosis. Osteoporosis has been 
shown to have a direct relationship with frailty incidence in Japanese older adults, 
increasing the likelihood of frailty development over a 4-year period by more than 
threefold [42].

�Muscle and Falls

Given the expression of the VDR in muscle, numerous studies have been performed 
to examine the impact of vitamin D deficiency on muscle outcomes (strength, per-
formance, gait, and balance) which are associated with falls risk. In a study of 
Italian older adults, severe deficiency in vitamin D levels (<25  nmol/L) was 
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significantly associated with poorer performance in the Short Physical Performance 
Battery (SPPB), an assessment tool comprising measures of balance, strength, and 
mobility [43]. Muscle strength too, measured by handgrip strength, was signifi-
cantly reduced in those presenting with deficient levels (<50 nmol/L) of vitamin 
D. Similar to the findings of vitamin D deficiency in bone, PTH was identified as a 
potential mediator of these associations in this study [43]. Findings of poor strength 
and physical performance have also been shown in an English population aged 
60  years and above where over 25% of older adults who were severely vitamin 
D-deficient (<30 nmol/L) presented with low performance in the SPPB (score ≤6) 
and over 40% presented with low handgrip strength categorized using sarcopenia 
guidelines [44]. The longitudinal effects of vitamin D deficiency on physical perfor-
mance have also been shown in a study of Dutch older adults, where significant 
declines in physical performance over a 3-year period were associated with vitamin 
D levels below 20 ng/mL (50 nmol/L) [45]. Interestingly, further analysis of this 
cohort reported a steady increase in physical performance measures occurring with 
every 10  nmol/L increase in vitamin D levels, which stabilized once levels 
>50 nmol/L were reached [41]. These findings were similar to that discussed in the 
previous section regarding bone mineral density.

Gait speed, considered by some to be the sixth vital sign due to its relationship 
with a diverse range of adverse outcomes in frail older persons [46], has also shown 
a strong relationship with vitamin D deficiency [47, 48]. In a recent systematic 
review and meta-analysis, gait speed was both statistically and clinically different 
between vitamin D-deficient and vitamin D-sufficient older adults by up to 0.18 m/s 
[47]. Baseline vitamin D levels were also found to be associated with greater 
declines in gait speed. Postural control and balance are also negatively impacted 
with vitamin D deficiency, with declines in stability and postural control observed 
[48, 49]. When combined with the aforementioned declines in muscle strength, 
physical performance, and gait, an increased risk of falls will be present in vitamin 
D-deficient older adults.

Differences in muscle and performance components related to vitamin D defi-
ciency also exist within categories of frailty. In a study including 127 pre-frail and 
frail older adults where 53% presented with vitamin D deficiency, impairments in 
physical performance (SPPB) were noted in addition to reduced appendicular lean 
mass [50]. Therefore, the findings of detrimental effects of vitamin D deficiency on 
measures of muscle strength, mass, and physical performance should also be con-
sidered in the context of sarcopenia. Sarcopenia is classified as the presence of low 
muscle strength, mass, and poor physical performance resulting in adverse out-
comes [51] such as nearly twofold increased risk of falls and fractures [52]. 
Furthermore, as sarcopenia components and outcomes coincide with that of physi-
cal frailty [53], declines in muscle strength and physical performance in at-risk 
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older adults presenting with vitamin D deficiency highlight the need for early inter-
ventions (Fig. 8.3).

�Vitamin D, Cognition, and Cognitive Frailty

With findings of VDR in the nervous system, there has been a suggestion that vita-
min D deficiency may impact cognitive function in older adults with mixed findings 
in literature. In a large study of more than 3000 older adults in the United States, an 
increased likelihood of impairment in various components of cognitive function 
was evident across the vitamin D-deficient and severely deficient [54]. Vitamin 
D-deficient older adults were 1.4 times more likely to present with cognitive impair-
ments, whereas the severely deficient presented with a 3.9 times increased likeli-
hood of cognitive impairment after adjusting for confounders. These findings were 
in agreement with a systematic review and meta-analysis where vitamin D-deficient 
older adults performed worse in the Mini-Mental State Examination (MMSE) and 
were more likely to present with Alzheimer’s disease [55]. Longitudinally, a 5-year 
follow-up study conducted in Korean older adults found severe vitamin D deficien-
cies at baseline to be independently predictive of progressive declines in cognitive 
function and development of mild cognitive impairments [56]. However, it is impor-
tant to note that these participants may have initially presented with risk of cognitive 
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Fig. 8.3  Impact of vitamin D supplementation dose on falls and fracture outcomes
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impairments, with MMSE scores below 27. These findings contrast with more 
recent work from Lee et al. [57] who only reported significant associations between 
vitamin D status and cognition when unadjusted for confounders. However, it is 
important to note that participants in this study were only grouped into sufficient 
and insufficient levels using a cut-point of 30 ng/mL (75 nmol/L) for analysis.

Vitamin D deficiency in older adults presents a great challenge for healthcare 
professionals given its high prevalence and diverse clinical manifestations. Vitamin 
D-deficient older adults may present with a diverse range of signs and symptoms 
ranging from low bone mineral density to muscular weakness, poor balance, and 
cognitive difficulties which coincide with that of frailty. Sarcopenia and osteoporo-
sis should also be considered in vitamin D-deficient older adults and predispose to 
frailty and resulting adverse outcomes such as falls, fractures, disability, and loss of 
independence.

�Vitamin D as a Therapy for Frailty (Fig. 8.3)

Despite knowledge of the adverse effects of vitamin deficiency on general health 
and well-being, there is limited literature examining the effect of vitamin D supple-
mentation on preventing/treating frailty. In a recent systematic review and dose-
response analysis, it was suggested that an increase of 25 nmol/L, equivalent to an 
intake of 1000 IU of vitamin D3, may reduce the incidence of frailty by 11% [58]. 
This was in contrast with a large study assessing vitamin D supplementation over 
8 years which reported no changes in frailty risk [59]. However, a significant limita-
tion commonly reported in studies performing interventions with vitamin D supple-
mentation is that vitamin D status is not assessed. Therefore, it is often unclear what 
the true effects of supplementation on vitamin D-deficient participants are. Another 
important consideration when using vitamin D as therapy for frailty are the diverse 
risk factors. Given the multitude of risk factors for frailty, interventions are often 
required to be multidisciplinary, targeting a combination of dietary and lifestyle fac-
tors. Although studies performed using vitamin D as a primary intervention for 
frailty are lacking, numerous studies assessing the effect of vitamin D supplementa-
tion on components and outcomes of frailty including muscle strength, physical 
performance, balance, gait, falls, and fractures exist.

�Muscle Strength, Physical Performance, and Balance

Vitamin D supplementation has consistently shown benefits in muscle parameters, 
particularly strength, which may play a significant role in treating frail older adults. 
In a meta-analysis performed in 2011 assessing the effect of vitamin D on muscle 
strength, gait, and balance, significant declines in postural sway and time to com-
plete the Timed Up and Go test were found, in addition to small increases in muscle 
strength with daily doses of 800–1000 IU/day [60]. Importantly, high single doses 
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did not achieve consistent improvements in physical performance, with the authors 
suggesting smaller doses taken daily were optimal. Baseline levels of vitamin D 
should also be taken into consideration with another study only reporting improve-
ments in lower limb muscle strength in participants presenting with vitamin D lev-
els less than 25 nmol/L [61].

The importance of vitamin D supplementation in improving musculoskeletal 
outcomes has also been reported in multidisciplinary interventions including exer-
cise and/or nutrition. In a meta-analysis of studies on resistance training and vitamin 
D interventions, an additive effect was found for vitamin D supplementation in 
improving lower limb strength [62]. However, in contrast to other studies, no addi-
tional benefit was reported for physical performance measures. Again, the additive 
benefit was only attributed to vitamin D-deficient participants. Vitamin D supple-
mentation may also play an important role in nutritional interventions for sarcope-
nia and frailty, with the PROVIDE study finding participants with baseline vitamin 
D above deficient levels (>50 nmol/L) achieved the greatest increases in muscle 
mass after a 13-week intervention [63].

�Falls and Fractures

Investigations of the role of vitamin D supplementation in falls prevention have 
resulted in conflicting results, primarily due to the characteristics of study partici-
pants. For example, a Cochrane review performed assessing the interventions for 
preventing falls in community-dwelling older adults as group did not find any sig-
nificant effect [64]. However, subgroup analysis of studies conducted in vitamin 
D-deficient older adults found a significant reduction in the rate and risk for falls, 
again highlighting the importance of supplementation for deficient individuals. 
These findings were consistent with that of an earlier meta-analysis which reported 
significant declines in falls rates by up to 26% within 2–5 months using a dose of 
700–1000 IU [65]. These positive results achieved by vitamin D repletion in older 
adults may in part be attributed to the previously mentioned benefits in muscle 
strength and balance.

Given the primary role of vitamin D in the maintenance of calcium homeostasis 
and bone diseases associated with severe deficiencies in vitamin D, the effect of 
vitamin D supplementation for fracture prevention has been well studied. However, 
similar to studies in falls, mixed findings were reported due to methodological limi-
tations. In a recent systematic review evaluating the effect of vitamin D, calcium, 
and combined supplementation as a primary intervention for fracture prevention, 
the authors concluded that vitamin D supplementation alone did not reduce fracture 
incidence. However, it was also stated that it was unknown whether participants 
were vitamin D-deficient, were osteoporotic, or reported previous fractures [66]. In 
contrast to this, earlier work suggested that supplementation of 700–800 IU/day of 
vitamin D reduced the relative risk of hip and nonvertebral fractures [67]. It is also 
important to note that for fracture prevention, particularly in osteoporotic older 
adults, a diverse range of effective pharmacological therapies are available. As such, 
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the supplementation of vitamin D to achieve sufficient levels contributes in part to 
more targeted interventions such as antiresorptives and bone anabolic agents.

Finally, it is important to discuss the dosage of vitamin D supplementation for 
falls and fracture prevention (Fig. 8.4). While studies reported in this section have 
typically employed doses of 700–1000 IU for both falls and fracture prevention, the 
use of a high single yearly dose of 500,000 IU is not recommended and has in fact 
shown significant detrimental effects. In an Australian study of more than 2000 
women aged 70 years and over, randomized to receive a single high dose of vitamin 
D, the supplementation group surprisingly reported a significantly increased inci-
dence of both falls and fractures compared to the control group [68].

While there is currently limited evidence for the use of vitamin D as the primary 
intervention for frailty given the numerous risk factors, vitamin D supplementation 
has been shown to independently improve frailty components and outcomes. There 
is consistent evidence suggesting vitamin D supplementations of 1000 IU/day are 
able to improve muscle parameters, falls, and fractures in deficient populations. 
Larger single doses are not recommended and have been found to be detrimental for 
falls and fracture prevention.

�Conclusion

Solid evidence supports a pivotal role of vitamin D in the physiology of multiple 
organs and systems. Frailty affects several organs that require physiological levels of 
vitamin D including bone, muscle, and brain. Low-serum vitamin D is associated 
with adverse outcomes (i.e., falls, fractures, decreased functional status), which are 
highly prevalent in frail older persons. Secondary hyperparathyroidism could worsen 
these manifestations. Due to its high prevalence in this population, serum vitamin D 
quantification should be a regular practice in frail older patients. Supplementation of 
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≥800 IU of vitamin D together with ≥1000 mg of calcium reduces the risk for hip 
fractures and all non-vertebral fractures by about 20%. It also decreases falls risk by 
approximately 20%. In patients with apparent vitamin D deficiency, normal serum 
25(OH)D levels should be restored and maintained using evidence-based recom-
mended dosing. Overall, normalizing serum vitamin D in frail older persons has 
well-demonstrated beneficial effects on multiple outcomes and should be an integral 
element of any multidimensional approach in this population.

References

	 1.	Bouillon R, Okamura WH, Norman AW.  Structure-function relationships in the vitamin D 
endocrine system*. Endocr Rev. 1995;16(2):200–57.

	 2.	Holick MF. Sunlight and vitamin D for bone health and prevention of autoimmune diseases, 
cancers, and cardiovascular disease. Am J Clin Nutr. 2004;80(6):1678S–88S.

	 3.	Norman AW. From vitamin D to hormone D: fundamentals of the vitamin D endocrine system 
essential for good health. Am J Clin Nutr. 2008;88(2):491S–9S.

	 4.	Nigwekar SU, Bhan I, Thadhani R. Ergocalciferol and cholecalciferol in CKD. Am J Kidney 
Dis. 2012;60(1):139–56.

	 5.	Holick M, Frommer J, McNeill S, Richtand N, Henley J, Potts J Jr. Photometabolism 
of 7-dehydrocholesterol to previtamin D3  in skin. Biochem Biophys Res Commun. 
1977;76(1):107–14.

	 6.	Norman AW. Sunlight, season, skin pigmentation, vitamin D, and 25-hydroxyvitamin D: inte-
gral components of the vitamin D endocrine system. Am J Clin Nutr. 1998;67(6):1108–10. 
Oxford University Press.

	 7.	Ponchon G, Kennan A, DeLuca H. “Activation” of vitamin D by the liver. J Clin Invest. 
1969;48(11):2032–7.

	 8.	 Jetter A, Egli A, Dawson-Hughes B, Staehelin HB, Stoecklin E, Goessl R, et  al. 
Pharmacokinetics of oral vitamin D3 and calcifediol. Bone. 2014;59:14–9.

	 9.	Dusso A, González EA, Martin KJ. Vitamin D in chronic kidney disease. Best Pract Res Clin 
Endocrinol Metab. 2011;25(4):647–55.

	10.	Levine B, Singer F, Bryce G, Mallon J, Miller O, Coburn J. Pharmacokinetics and biologic 
effects of calcitriol in normal humans. J Lab Clin Med. 1985;105(2):234–8.

	11.	Huang JC, Sakata T, Pfleger LL, Bencsik M, Halloran BP, Bikle DD, et al. PTH differentially 
regulates expression of RANKL and OPG. J Bone Miner Res. 2004;19(2):235–44.

	12.	Henry HL.  Regulation of vitamin D metabolism. Best Pract Res Clin Endocrinol Metab. 
2011;25(4):531–41.

	13.	Naveh-Many T, Silver J. Regulation of calcitonin gene transcription by vitamin D metabolites 
in vivo in the rat. J Clin Invest. 1988;81(1):270–3.

	14.	Pike JW, Meyer MB. The vitamin D receptor: new paradigms for the regulation of gene expres-
sion by 1,25-dihydroxyvitamin D(3). Endocrinol Metab Clin N Am. 2010;39(2):255–69.

	15.	Kongsbak M, Levring T, Geisler C, von Essen M. The vitamin D receptor and T cell function. 
Front Immunol. 2013;4:148.

	16.	Xue Y, Fleet JC.  Intestinal vitamin D receptor is required for normal calcium and bone 
metabolism in mice. Gastroenterology. 2009;136(4):1317–27.e2.

	17.	Johnson JA, Kumar R. Vitamin D and renal calcium transport. Curr Opin Nephrol Hypertens. 
1994;3(4):424–9.

	18.	Kitazawa S, Kajimoto K, Kondo T, Kitazawa R. Vitamin D3 supports osteoclastogenesis via 
functional vitamin D response element of human RANKL gene promoter. J Cell Biochem. 
2003;89(4):771–7.

8  Vitamin D and Frailty



118

	19.	Liu W, Zhang L, Xu H-J, Li Y, Hu C-M, Yang J-Y, et al. The anti-inflammatory effects of vita-
min D in tumorigenesis. Int J Mol Sci. 2018;19(9):2736.

	20.	Ajabshir S, Asif A, Nayer A.  The effects of vitamin D on the renin-angiotensin system. J 
Nephropathol. 2014;3(2):41–3.

	21.	Al-Badr W, Martin KJ.  Vitamin D and kidney disease. Clin J Am Soc Nephrol. 
2008;3(5):1555–60.

	22.	Lips P, van Schoor NM. The effect of vitamin D on bone and osteoporosis. Best Pract Res Clin 
Endocrinol Metab. 2011;25(4):585–91.

	23.	Laird E, Ward M, McSorley E, Strain JJ, Wallace J. Vitamin D and bone health: potential 
mechanisms. Nutrients. 2010;2(7):693–724.

	24.	Murthy L, Dreyer P, Suriyaarachchi P, Gomez F, Curcio CL, Boersma D, et al. Association 
between high levels of parathyroid hormone and frailty: the Nepean Osteoporosis and Frailty 
(NOF) Study. J Frailty Aging. 2018;7(4):253–7.

	25.	Holick MF.  Vitamin D status: measurement, interpretation, and clinical application. Ann 
Epidemiol. 2009;19(2):73–8.

	26.	Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA, Heaney RP, et al. 
Evaluation, treatment, and prevention of vitamin D deficiency: an Endocrine Society clinical 
practice guideline. J Clin Endocrinol Metab. 2011;96(7):1911–30.

	27.	Amrein K, Scherkl M, Hoffmann M, Neuwersch-Sommeregger S, Kostenberger M, Tmava 
Berisha A, et al. Vitamin D deficiency 2.0: an update on the current status worldwide. Eur J 
Clin Nutr. 2020; https://doi.org/10.1038/s41430-020-0558-y.

	28.	Thacher TD, Clarke BL. Vitamin D insufficiency. Mayo Clin Proc. 2011;86(1):50–60.
	29.	Wei J, Zhu A, Ji JS. A comparison study of vitamin D deficiency among older adults in China 

and the United States. Sci Rep. 2019;9(1):19713.
	30.	Cashman KD, Dowling KG, Skrabakova Z, Gonzalez-Gross M, Valtuena J, De Henauw S, 

et al. Vitamin D deficiency in Europe: pandemic? Am J Clin Nutr. 2016;103(4):1033–44.
	31.	Laird E, O’Halloran AM, Carey D, Healy M, O’Connor D, Moore P, et al. The prevalence of 

vitamin D deficiency and the determinants of 25(OH)D concentration in older Irish adults: 
data from the Irish longitudinal study on ageing (TILDA). J Gerontol A Biol Sci Med Sci. 
2018;73(4):519–25.

	32.	Lee MJ, Hsu HJ, Wu IW, Sun CY, Ting MK, Lee CC. Vitamin D deficiency in northern Taiwan: 
a community-based cohort study. BMC Public Health. 2019;19(1):337.

	33.	Kim J, Lee Y, Won CW, Kye S, Shim JS. Association of serum vitamin D with frailty in older 
Korean adults. Maturitas. 2020;134:15–20.

	34.	Shardell M, Hicks GE, Miller RR, Kritchevsky S, Andersen D, Bandinelli S, et al. Association 
of low vitamin D levels with the frailty syndrome in men and women. J Gerontol A Biol Sci 
Med Sci. 2009;64(1):69–75.

	35.	Buchebner D, Bartosch P, Malmgren L, McGuigan FE, Gerdhem P, Akesson KE. Association 
between vitamin D, frailty, and progression of frailty in community-dwelling older women. J 
Clin Endocrinol Metab. 2019;104(12):6139–47.

	36.	Sousa-Santos AR, Afonso C, Santos A, Borges N, Moreira P, Padrao P, et  al. The associa-
tion between 25(OH)D levels, frailty status and obesity indices in older adults. PLoS One. 
2018;13(8):e0198650.

	37.	Buckinx F, Rolland Y, Reginster JY, Ricour C, Petermans J, Bruyere O.  Burden of frailty 
in the elderly population: perspectives for a public health challenge. Arch Public Health. 
2015;73(1):19.

	38.	Feng Z, Lugtenberg M, Franse C, Fang X, Hu S, Jin C, et al. Risk factors and protective fac-
tors associated with incident or increase of frailty among community-dwelling older adults: a 
systematic review of longitudinal studies. PLoS One. 2017;12(6):e0178383.

	39.	Hill TR, Aspray TJ. The role of vitamin D in maintaining bone health in older people. Ther 
Adv Musculoskelet Dis. 2017;9(4):89–95.

	40.	Kuchuk NO, Pluijm SM, van Schoor NM, Looman CW, Smit JH, Lips P. Relationships of 
serum 25-hydroxyvitamin D to bone mineral density and serum parathyroid hormone and 
markers of bone turnover in older persons. J Clin Endocrinol Metab. 2009;94(4):1244–50.

J. Feehan et al.

https://doi.org/10.1038/s41430-020-0558-y


119

	41.	Van Schoor NM, Heymans MW, Lips P. Vitamin D status in relation to physical performance, 
falls and fractures in the Longitudinal Aging Study Amsterdam: a reanalysis of previous find-
ings using standardized serum 25-hydroxyvitamin D values. J Steroid Biochem Mol Biol. 
2018;177:255–60.

	42.	Yoshimura N, Muraki S, Oka H, Iidaka T, Kodama R, Horii C, et al. Do sarcopenia and/or 
osteoporosis increase the risk of frailty? A 4-year observation of the second and third ROAD 
study surveys. Osteoporos Int. 2018;29(10):2181–90.

	43.	Houston DK, Cesari M, Ferrucci L, Cherubini A, Maggio D, Bartali B, et  al. Association 
between vitamin D status and physical performance: the InCHIANTI study. J Gerontol A Biol 
Sci Med Sci. 2007;62(4):440–6.

	44.	Aspell N, Laird E, Healy M, Lawlor B, O’Sullivan M. Vitamin D deficiency is associated with 
impaired muscle strength and physical performance in community-dwelling older adults: find-
ings from the English longitudinal study of ageing. Clin Interv Aging. 2019;14:1751–61.

	45.	Wicherts IS, van Schoor NM, Boeke AJ, Visser M, Deeg DJ, Smit J, et  al. Vitamin D sta-
tus predicts physical performance and its decline in older persons. J Clin Endocrinol Metab. 
2007;92(6):2058–65.

	46.	Fritz S, Lusardi M. White paper: “walking speed: the sixth vital sign”. J Geriatr Phys Ther. 
2009;32(2):46–9.

	47.	Annweiler C, Henni S, Walrand S, Montero-Odasso M, Duque G, Duval GT. Vitamin D and 
walking speed in older adults: systematic review and meta-analysis. Maturitas. 2017;106:8–25.

	48.	Boersma D, Demontiero O, Mohtasham Amiri Z, Hassan S, Suarez H, Geisinger D, 
et  al. Vitamin D status in relation to postural stability in the elderly. J Nutr Health Aging. 
2012;16(3):270–5.

	49.	Akdeniz S, Hepguler S, Ozturk C, Atamaz FC. The relation between vitamin D and postural bal-
ance according to clinical tests and tetrax posturography. J Phys Ther Sci. 2016;28(4):1272–7.

	50.	Tieland M, Brouwer-Brolsma EM, Nienaber-Rousseau C, van Loon LJ, De Groot LC. Low 
vitamin D status is associated with reduced muscle mass and impaired physical performance 
in frail elderly people. Eur J Clin Nutr. 2013;67(10):1050–5.

	51.	Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Cederholm T, et  al. Sarcopenia: 
revised European consensus on definition and diagnosis. Age Ageing. 2019;48(1):16–31.

	52.	Yeung SSY, Reijnierse EM, Pham VK, Trappenburg MC, Lim WK, Meskers CGM, et  al. 
Sarcopenia and its association with falls and fractures in older adults: a systematic review and 
meta-analysis. J Cachexia Sarcopenia Muscle. 2019;10(3):485–500.

	53.	Cesari M, Landi F, Vellas B, Bernabei R, Marzetti E. Sarcopenia and physical frailty: two sides 
of the same coin. Front Aging Neurosci. 2014;6:192.

	54.	Llewellyn DJ, Lang IA, Langa KM, Melzer D. Vitamin D and cognitive impairment in the 
elderly U.S. population. J Gerontol A Biol Sci Med Sci. 2011;66(1):59–65.

	55.	Balion C, Griffith LE, Strifler L, Henderson M, Patterson C, Heckman G, et  al. Vitamin 
D, cognition, and dementia: a systematic review and meta-analysis. Neurology. 
2012;79(13):1397–405.

	56.	Moon JH, Lim S, Han JW, Kim KM, Choi SH, Kim KW, et al. Serum 25-hydroxyvitamin D 
level and the risk of mild cognitive impairment and dementia: the Korean Longitudinal Study 
on Health and Aging (KLoSHA). Clin Endocrinol. 2015;83(1):36–42.

	57.	Lee DH, Chon J, Kim Y, Seo YK, Park EJ, Won CW, et al. Association between vitamin D 
deficiency and cognitive function in the elderly Korean population: a Korean frailty and aging 
cohort study. Medicine (Baltimore). 2020;99(8):e19293.

	58.	Ju SY, Lee JY, Kim DH. Low 25-hydroxyvitamin D levels and the risk of frailty syndrome: a 
systematic review and dose-response meta-analysis. BMC Geriatr. 2018;18(1):206.

	59.	Bolzetta F, Veronese N, Stubbs B, Noale M, Vaona A, Demurtas J, et  al. The relationship 
between dietary vitamin K and depressive symptoms in late adulthood: a cross-sectional analy-
sis from a large cohort study. Nutrients. 2019;11(4):787.

	60.	Muir SW, Montero-Odasso M.  Effect of vitamin D supplementation on muscle strength, 
gait and balance in older adults: a systematic review and meta-analysis. J Am Geriatr Soc. 
2011;59(12):2291–300.

8  Vitamin D and Frailty



120

	61.	Stockton KA, Mengersen K, Paratz JD, Kandiah D, Bennell KL. Effect of vitamin D sup-
plementation on muscle strength: a systematic review and meta-analysis. Osteoporos Int. 
2011;22(3):859–71.

	62.	Antoniak AE, Greig CA. The effect of combined resistance exercise training and vitamin D3 
supplementation on musculoskeletal health and function in older adults: a systematic review 
and meta-analysis. BMJ Open. 2017;7(7):e014619.

	63.	Verlaan S, Maier AB, Bauer JM, Bautmans I, Brandt K, Donini LM, et al. Sufficient levels of 
25-hydroxyvitamin D and protein intake required to increase muscle mass in sarcopenic older 
adults – the PROVIDE study. Clin Nutr. 2018;37(2):551–7.

	64.	Gillespie LD, Robertson MC, Gillespie WJ, Sherrington C, Gates S, Clemson LM, et  al. 
Interventions for preventing falls in older people living in the community. Cochrane Database 
Syst Rev. 2012;(9):CD007146.

	65.	Bischoff-Ferrari HA, Dawson-Hughes B, Staehelin HB, Orav JE, Stuck AE, Theiler R, et al. 
Fall prevention with supplemental and active forms of vitamin D: a meta-analysis of ran-
domised controlled trials. BMJ. 2009;339:b3692.

	66.	Kahwati LC, Weber RP, Pan H, Gourlay M, LeBlanc E, Coker-Schwimmer M, et al. Vitamin D, 
calcium, or combined supplementation for the primary prevention of fractures in community-
dwelling adults: evidence report and systematic review for the US Preventive Services Task 
Force. JAMA. 2018;319(15):1600–12.

	67.	Bischoff-Ferrari HA, Willett WC, Wong JB, Giovannucci E, Dietrich T, Dawson-Hughes 
B. Fracture prevention with vitamin D supplementation: a meta-analysis of randomized con-
trolled trials. JAMA. 2005;293(18):2257–64.

	68.	Sanders KM, Stuart AL, Williamson EJ, Simpson JA, Kotowicz MA, Young D, et al. Annual 
high-dose oral vitamin D and falls and fractures in older women: a randomized controlled trial. 
JAMA. 2010;303(18):1815–22.

J. Feehan et al.



121© Springer Nature Switzerland AG 2021
C. G. Musso et al. (eds.), Frailty and Kidney Disease, 
https://doi.org/10.1007/978-3-030-53529-2_9

Chapter 9
Interactions Between “Giants”: 
The Relationship Between Internal Milieu 
Disorders and Frailty Syndrome

Guido M. Musso-Enz, Olivia M. Capalbo, Henry González-Torres, 
Gustavo Aroca-Martinez, and Carlos G. Musso

Geriatrics has classically described four entities of its own, naming them “geriatric 
syndromes” because of their high prevalence and great impact on the senile health. 
These four significant syndromes, which are more frequently found in older indi-
viduals, are delirium, gait disorders and falls, immobility syndrome, and inconti-
nence (urinary and/or fecal). These are all also known as the “geriatric giants,” due 
to their preponderance among older patients and how aggressive they are for their 
overall health. They can appear as a new acute event (e.g., a previously inexistent 
gait disorder), or as an exacerbation of an already existing syndrome (e.g., worsen-
ing of a previously existent gait disorder). Moreover, these syndromes can often be 
the only clinical expression of various diseases such as pneumonia, urinary infec-
tion, cardiac infarction, etc. In this sense, these diseases can be paucisymptomatic 
in older people and hence are usually diagnosed thanks to the detection of the 
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geriatric giants. If pneumonia or urinary infection appears in young people, they 
would suffer from symptoms such as cough, fever, dysuria, etc., which in older 
patients would not commonly appear. This situation has led to the misconception 
that illnesses in older individuals are oligosyntomatic when in fact their symptom-
atology is a very rich one, but different respect to the one observed in younger 
people. Their symptoms are precisely the geriatric giants [1].

�Delirium

Delirium is one of the two entities which are directly related with confusional states 
in older adults, together with dementia. Delirium involves a disturbance of con-
sciousness with impaired alertness and attention. These symptoms could be pre-
sented as lethargy or decreased arousability, although intermittent periods of 
agitation can also occur. On the other hand, patients who suffer from dementia are 
consistently arousable, as well as capable of staying focused and alert without any 
effect on their consciousness level. Dementia usually begins and gradually increases, 
at a very slow rate. Changes only become detectable after long period, generally 
over weeks, months, and even years. In contrast, delirium undergoes quicker pro-
gressions, and develops under a short amount of time, becoming evident over a few 
minutes, hours, or days. Delirium can be induced by many medical conditions, such 
as internal milieu disturbances, cerebral hypoperfusion, infections, polypharmacy, 
etc. It is difficult to identify a single cause of delirium since usually various factors 
are considered to cause or contribute to aggravate the confusion. It is worth men-
tioning that not the whole population is prone to developing delirium, but there are 
risk factors which increase the chances, such as an age older than 65 years, preexis-
tent brain damage, or sensory loss. Some interventions are recommended to be 
applied in order to reduce confusion, like setting a calendar and a clock in the 
patient’s vision range, constantly promoting conversations, and surrounding the 
patient with personal possessions (pictures, home decorations, etc.), increase sen-
sory stimulation, and respect patient’s sleep-wake cycles [2, 3].

�Gait Disorders and Falls

Gait disorders and falls are among the most recurrent clinical complications in older 
people, being the sixth leading cause of death in this population. These disorders 
provoke incidents such as fractures (mainly pelvis fracture) or soft tissue injuries 
which are prone to increase patient’s morbidity and mortality.

Even though a fall does not necessarily mean that the patient is at risk of suffer-
ing repetitive falls, over two falls during a 6-month lapse are considered abnormal, 
and it is advised that the patient requires to receive an intense evaluation and to be 
constantly supervised by professionals. Further interventions such as exercise can 
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improve functional status and reduce the risk of falls. Besides, several falls which 
occur during a specific amount of time can be an indicator of an underlying acute 
condition (sepsis, etc.), so in these cases an acute illness should be ruled out. Falls 
have both extrinsic and intrinsic causes which can also be considered as risk factors. 
The intrinsic factors are aspects which are specific from each individual, such as 
chronic diseases, age-related physical and mental changes, acute health problems, 
or acute exacerbation of chronic disease. Sometimes, intrinsic factors are not the 
direct cause of a fall, but can aggravate a person’s mobility, leading to an increase in 
the individual’s tendency to fall. These may be conditions such as arthritis, cardio-
vascular insufficiency, neuromuscular diseases, stroke, and reduced vision or hear-
ing ability. The extrinsic factors involve any condition independent to the individual, 
such as a hazardous environment (e.g., unstable furniture, etc.) or activities (laborer, 
etc.) [2, 4, 5].

�Immobility Syndrome

This “giant” constitutes a common problem which is associated to a great number 
of diseases in the older population, frequently produces functional decline, and 
increases the risk of nursing home placement and medical complications. Patient’s 
deconditioning is usually induced by excessive bed rest and is an important clinical 
entity characterized by several complications such as depression, lethargy, anorexia, 
dehydration, hypernatremia, hypercalcemia neuromuscular instability, osteoporo-
sis, sarcopenia, incoordination, constipation, as well as urinary and fecal inconti-
nence. Moreover, some authors even characterize frailty as a failure of cognition, 
mobility, or both. Patients who suffer from immobility syndrome should receive an 
assessment that includes causes and complications of this syndrome in order to plan 
their rehabilitation [2, 6, 7].

�Urinary Incontinence

Urinary incontinence is defined as the involuntary loss of urine, severe enough to 
cause social or hygienic problems. This condition affects the patient’s life in a vari-
ety of ways, including social isolation, depression, stress, skin breakdown, recurrent 
urinary tract infections, falls, and high economic costs. Approximately 15–30% of 
older people and 50% of institutionalized older individuals suffer from this “giant.” 
It causes great dependency and disability, being extremely hard for both the patient 
and their family to try to overcome it and live with it.

Urinary incontinence can present as an acute and reversible form, or a persistent 
one. Acute reversible urinary incontinence has a sudden onset and is usually associ-
ated with an acute medical illness or an iatrogenic cause. On the other hand, persis-
tent urinary incontinence occurs over time and is unrelated to acute events. Once a 
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patient suffers from persistent urinary incontinence, different isolated cases of acute 
reversible incontinence can aggravate and continue to deteriorate persistent inconti-
nence. This syndrome has four basic causes, and each one of these affects the patient 
in a particular way. They are delirium, restricted mobility, infections, and drugs. 
Even though urinary incontinence is not part of normal aging, it comes along with 
aging-related changes in the urinary tract (decreased bladder capacity, increased 
prostate size, etc.) which do not cause incontinence but can predispose it [2, 8, 9].

�The Nephrogeriatric Giants

Serum electrolyte levels are in normal range in healthy older individuals, but they 
can be easily altered compared to the young individuals. This phenomenon can be 
attributed to a reduced homeostatic capability which is tightly related with the sig-
nificant and prevalent changes suffered by the aged kidney, known as the nephroge-
riatric giants, which are the following ones [1, 10]:

•	 Age-related glomerular filtration rate reduction at a rate of 1  ml/year since 
40 years of age.

•	 Tubular dysfunction which consists of reduced sodium reabsorption capability in 
thick ascending limb of loop of Henle and collecting tubules, reduced water 
reabsorption capability in collecting tubules, reduced potassium secretion capa-
bility in collecting tubules, and reduced free water clearance in thick ascending 
limb of loop of Henle.

•	 Medulla hypotonicity, which contributes to the urine concentration capability 
reduction usually documented in older individuals. Antidiuretic hormone release 
is not impaired with aging, but this hormone level is relatively increased in older 
subjects for any given plasma osmolality level compared to the young, indicating 
a sort of vasopressin kidney resistance.

�Interactions Between the “Giants”

It is worth pointing out that the geriatric syndromes (geriatric giants) and the aging-
related renal functional changes (nephrogeriatric giants) are clinical entities charac-
teristic in older subjects that predispose to one another and potentiate each other, 
leading to internal milieu disorders and catastrophic clinical events [11].

For instance, if an older man suffers from urinary infection and because of that 
he develops delirium (geriatric giant), his feverish state leads him to lose water and 
also reduces his water intake because of his confusion. Since older individuals have 
their water reabsorption capability reduced (nephrogeriatric giant), he develops 
severe dehydration and hypernatremia that worsens his confusional status giving 
place to a catastrophic clinical event. This clinical case represents an example of a 
geriatric giant (delirium) that is worsened by a nephrogeriatric giant (reduced water 
reabsorption capacity) [11, 12] (Fig. 9.1).
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Another example could be the case of an older man who lives alone and suffers 
from gait disorders (geriatric giant) and worsens his condition to immobility syn-
drome because of an acute respiratory infection. This situation impedes his access 
to water and consequently leads him to dehydration. Moreover, his reduced water 
reabsorption capability secondary to his aged kidney (nephrogeriatric giant) con-
tributes to aggravate this dehydration, which in turn worsens his immobility syn-
drome, leading to a further water depletion (Fig. 9.2).
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Fig. 9.1  Interdependence 
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(GG) and nephrogeriatric 
giant (NG)
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These previously explained two clinical cases are examples of how a nephroge-
riatric giant can aggravate a geriatric giant [11, 12].

On the other hand, a nephrogeriatric giant can be worsened by a geriatric giant 
leading also to a catastrophic clinical event.

For instance, an older woman who is under the effect of a very hot weather loses 
water (sweating), and she also suffers from primary hypodipsia and has a reduced 
salt and water reabsorption capacity (nephrogeriatric giant), both induced by aging-
associated changes. Therefore, she develops hypotension which causes dizziness, 
alters her gait, and finally induces falls (geriatric giant). This situation interferes 
with her adequate nutrition, worsening her salt and water intake leading her to a 
further severe volume contraction. This is an example of a nephrogeriatric giant 
(reduced water reabsorption capability) which is worsened by a geriatric giant 
(falls) (Fig. 9.3) [10, 11].

Another example of a nephrogeriatric giant which is aggravated by a geriatric 
giant could be a clinical case of an older man who starts taking an angiotensin II 
receptor blocker, and since he has a reduced potassium secretion capability due to 
his aged kidney (nephrogeriatric giant), he develops hyperkalemia. This hyperkale-
mia induces his a bradyarrhythmia which reduces his cardiac output leading him to 
cerebral hypoperfusion and confusion (geriatric giant). In this context, he develops 
dehydration, renal hypoperfusion, renal failure, and more potassium retention 
(Fig. 9.4) [10, 13].

All the cases described above are examples of what is named as the “feedback 
between geriatric syndromes.” The roots of this phenomenon are in the aging pro-
cess, because the latter consists of a loss of complexity. An organism (macrosystem) 
is a system that is constituted by other smaller ones (cardiovascular, respiratory, 
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etc.) known as microsystems. Complexity means all these microsystems are work-
ing harmoniously. An organism functions due to coordination among their multiple 
microsystems, and this coordination or complexity makes the organism flexible and 
capable to overcome environmental changes. Aging weakens these microsystems 
and coordination between them, undermining complexity and making older people 
frail. Older individuals function normally under basal conditions, but they cannot 
handle extreme environmental changes, and therefore an otherwise simple event 
(e.g., hot climate) can lead them to severe compromise or death [11].

�Conclusion

Geriatric syndromes (geriatric giant) and the aging-related renal functional changes 
(nephrogeriatric giants) characteristically predispose and potentiate each other, 
leading to a vicious cycle of internal milieu disorders and catastrophic clini-
cal events.
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Chapter 10
Frailty in Acute Kidney Injury Critical 
Care Patient

María Eugenia González, Nora Angélica Fuentes, Carlos Lautaro Franco, 
Mateo Lombardi, Carlos Guido Musso, and Elbio Mariano Esperatti

�AKI and Frailty in Critical Care Patients

Fragility is a term used to describe a condition characterized by the loss of biologi-
cal reserve and the vulnerability to restore the homeostasis of subjects after a stress-
ful event [1]. It implies a limited capacity to face the physiological alteration that 
generates an acute illness, and although it becomes more prevalent with age, it is not 
exclusive of older individuals [2, 3]. Frailty occurs most frequently in older adults 
and, similar to acute kidney injury (AKI), carries a high risk of poor outcomes such 
as physical disability, functional decline, frequent hospitalizations, and increased 
mortality, particularly in critically ill older patients admitted to the intensive care 
unit (ICU) [4].

AKI occurs in approximately 20% of hospitalized patients, and the incidence 
doubles in patients admitted to the intensive care units (ICUs). AKI carries high 
morbidity, resource utilization, and mortality, particularly in critically ill patients in 
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whom mortality rates could be as high as 50% [5]. Survivors of AKI are susceptible 
to kidney- and non-kidney-related complications such as the development or pro-
gression of chronic kidney disease (CKD), end-stage renal disease (ESRD), and 
cardiovascular disease. Moreover, survivors of AKI are also at higher risk of early 
rehospitalization and increased risk of long-term mortality [6].

The incidence of AKI and severe AKI (requiring dialysis) has been increas-
ing over the past decade, and a significant factor contributing to this increase is 
the old age of population, which is considered an independent risk factor for 
AKI. Furthermore, elderly patients with AKI have worse renal recovery rate and 
higher mortality rate than younger patients with AKI [7]. Despite frailty and 
AKI being commonly encountered in critically ill and older patients, their inter-
play and interaction remain unclear. Nonetheless, it is possible that they predis-
pose to each other in a vicious circle and therefore worsen patient’s overall 
prognosis [4].

Two recent studies explore the association between AKI and frailty. In one, more 
than half of the survivors of critical illness who experienced AKI were frail 3 and 
12 months after hospital discharge. Further, AKI was associated with worse clinical 
frailty scores in survivors after adjusting for illness severity. This relationship was 
robust for severe AKI (KDIGO stages 3) and appeared stronger if injury persisted to 
hospital discharge. It appears that the severity of AKI and persistence of AKI at 
discharge from the hospital provided the most striking associations with frailty [3]. 
On the other hand, frailty was a predictor for the development of AKI in older pati-
etns inpatients. Clinical outcomes, including the likelihood of discharge to nursing 
facility and short-term and long-term all-cause mortality, were associated with 
frailty, independent of the severity of AKI [7].

Both studies were conducted in only one center, with a small number of patients, 
with which the results have little external validity (generalization). Moreover, the 
fragility and AKI assessment methods were also different; therefore, the results may 
not be comparable. Thus, further investigations are needed to confirm these initial 
results.

Anyway, these results are not totally surprising. It is well-known that frailty is 
more frequent in patients who have chronic kidney disease and that multiple meta-
bolic and nutritional abnormalities may contribute to such association. It is possible 
that overall frailty status correlates with lower renal functional reserve, therefore 
constituting an independent risk factor for developing AKI. In the same way, com-
plex physiologic derangements were associated with acute renal failure, and the 
level of care required in AKI contributed at least to a nutritional defect, poor mobil-
ity and possibly sarcopenia which are key determinants of frailty, and cross-talk 
alteration. In addition, some injury patterns of AKI such as inflammation (cytokines 
including interleukin-6 and tumor necrosis factor-α) and immune system dysregula-
tion may predispose to frailty. Therefore, frail patients might be vulnerable to AKI 
through the same inflammatory response. Further, some AKI consequences such as 
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fluid overload, anemia, cardiovascular disease, and metabolic derangements may 
also affect the frailty status of some susceptible critical illness survivors [4, 8]. See 
Figure 10.1.

Other factors that may be present in fragile patients (e.g., polypharmacy, etc.) 
are associated with an increased risk of AKI in the older individual. There are also 
treatments that may be indicated in frailty, such as vitamin D. Its overdose is also 
associated with AKI [9]. On the other hand, frail patients have decreased physio-
logical renal reserve. In fact, one of the studies mentioned previously frailty 
directly affects AKI incidence and is an independent risk factor for the develop-
ment of AKI [7].

For critical care providers, these findings highlight that critical illness survivors 
with AKI, especially those with severe or persistent injury, are at higher risk for 
clinical frailty for a prolonged duration. Interventions such as physical rehabilita-
tion (including home-based therapy), nutritional evaluation and supplementation 
(and home-based meal assistance if necessary), and psychosocial support (including 
psychiatric evaluation and efforts to increase social engagement) may improve or 
mitigate the development of frailty. Hence, close attention to these factors is neces-
sary, especially during transitions of care. Further, these findings may inform 
patients and their families regarding the increased probability for a prolonged reha-
bilitation and for experiencing important patient-centered manifestations of clinical 
frailty, such as fatigue, slowing, and decrements in independence [3].
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Fig. 10.1  Overview of the potential interplay between frailty and acute kidney injury (AKI)
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�Outcomes in Frailty Critical Patients

Frailty has been conceptually defined as diminished physiological reserve associ-
ated with age that results from the accumulation of physiologic stresses and comor-
bid diseases affecting multiple physiologic systems [10, 11].

Adverse events associated with frailty include incident falls, susceptibility to 
acute illness, perioperative complications, unplanned hospital admissions, disabil-
ity, need for institutional care, and death in both clinical and surgical care settings 
[12–14].

The development of critical illness may lead to frailty in vulnerable patients. 
Critical illness may also be a key factor impeding recovery and functional autonomy 
in those already considered to be frail [15], both for the pathophysiological condi-
tions and for those linked to the care provided to this type of patients, as 
described below.

Across multiple measurement strategies, frailty has been robustly associated 
with worse in-hospital and long-term mortality and reduced ability to return home 
for both acutely and critically ill patients [16–19]. Frail patients are known to expe-
rience poor results in terms of long-term outcomes. Nevertheless, it is less known 
about how frailty manifests itself in patients’ physiology during critical illness and 
how it affects resource use in intensive care units (ICUs), everything referring to 
short-term outcomes and organ support used by critically ill patients. In a large 
cohort of critically ill patients, belonging to 93 ICUs in Brazil, using the modified 
frailty index (MFI), they founded that frailty was associated not only with in-
hospital mortality but also with higher need for organ support during ICU stay 
(mechanical ventilation, noninvasive ventilation, renal replacement therapy, require-
ment of vasopressors and blood transfusions), lower probability of returning home 
with no need for nursing assistance, and longer ICU and hospital length of stay. In 
addition, there was a dose-response relationship in the MFI results and all its out-
comes. MFI values ≥3 could be more robust to identify fragility in critical patients, 
according to these results [20].

Frailty is independently associated with short-term outcomes and resource use in 
critically ill patients. This has important implications for both administrators and 
clinicians. Increasing resource use by growing numbers of frail patients must be 
anticipated. Moreover, their worse prognosis compared to robust patients must 
be  accurately communicated to families and incorporated into decision-making. 
Because a large number of fragile patients receive critical care and have higher 
mortality, it would be appropriate to think specialized care for them. For this, further 
research would be required to provide us with evidence in this scenario [18, 20]. 
Such programs could have elements that address the minimization of unnecessary 
sedation [21], detection of delirium [22], early evaluation for weaning of mechani-
cal ventilation, nutritional support [23], medication reconciliation [24], and early 
mobilization [25, 26]. All these recommended measures in critical patients would 
be of vital importance in this subpopulation.
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In addition, the measurement and diagnosis of frailty could translate into better 
informed decision-making for patients, their families, and clinicians around issues 
related to the provision of advanced life support and designation of goals of care. 
Fragility is a common state that precedes death. Two-thirds of fragile patients have 
disabling trajectories at the end of life [27]. In a recent population-based study, 
26.7% of deaths were associated with frailty. In addition, fragility was associated 
with high utilization of health services, with most of the expenses related to long-
term care and end-of-life hospital care. In fact, health expenses for fragile people 
increase 2.4 times on average in the last 3 months of life [28].

�Tools to Evaluate Frailty in Critical Patients

Several clinical tools have been developed to help in the diagnosis of the frailty 
syndrome. The most commonly used are (I) the physical frailty phenotype (PFP), 
which identifies frailty phenotypes based on the examination of changes in weight, 
weakness, and walking speed; (II) the comprehensive geriatric assessment (CGA), 
which examines medical, psychosocial, and functional limitations of older adults by 
a multidisciplinary team of healthcare professionals with the objective of creating a 
treatment plan of long-term support and rehabilitation for frail adults; and (III) the 
Clinical Frailty Scale (CFS), which uses pictographs to subjectively stratify older 
adults according to their level of vulnerability to have poor outcomes such as pro-
longed hospitalizations and increased mortality. Several studies have attempted to 
validate and compare these tools, but none of the tools have shown to be superior to 
their counterparts, and therefore there is no single tool for assessment of frailty 
postulated as standard of care [4, 29, 30].

There is a wide range of methods to assess the fragility in the literature, whose 
usefulness depends on the purpose, the environment, the time available, and the 
ability of the evaluator [31]. The validity and reliability of an evaluation tool is 
largely dependent on the context and the population in which it has been developed 
and validated [32]. The assessment of fragility in critical illness leads to particular 
challenges. Pugh and colleagues in their review conclude that there is little evidence 
of reliability and only limited evidence on the feasibility of assessing frailty in criti-
cally ill patients. The Clinical Frailty Scale (CFS) was the most widely applied 
evaluation tool by physicians, the conventional evaluation of the physical frailty 
phenotype (PFP) required modifications for the general application in critical care 
settings, and the evaluation based on the Fragility Index (FI) may be difficult to 
perform by the critical care team routinely [2]. Despite a moderate to substantial 
level of agreement when CFS scores were made binary to distinguish frail from 
non-frail, there is a statistically and clinically significant discordance between sur-
rogates’ and researchers’ CFS scores, with surrogates identifying fewer patients as 
frail than researchers did. This discordance occurred even though surrogates pro-
vided most of the baseline demographic and medical information that study 
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investigators used to inform their frailty assessments. In addition, surrogates’ and 
researchers’ frailty assessments appeared to differ with respect to the adverse hos-
pital outcomes of mortality, prolonged hospital stay, and incident disability at hos-
pital discharge; investigators were more likely to identify frailty in patients with 
adverse hospital outcomes. These results have potential research and clinical impli-
cations [33].

Scoring systems to stratify risk are a key part of decision-making in modern 
medicine. In the critical care setting, the most commonly used Acute Physiology 
and Chronic Health Evaluation II (APACHE-II) score [34] predicts hospital mortal-
ity based on acute physiological measurements, age, and a select few severe comor-
bidities. Frailty scoring quantifies functional reserve, dependence, and vulnerability 
[14, 35]. Frailty has been shown to predict risk of death better than measures of 
comorbidity [35] and age alone [16, 36, 37]. Furthermore, acute physiology scores 
can have significant error especially in the longer term [38, 39]. Incorporating mea-
sures of fragility in severity scores could improve the predictive performance of the 
scores currently used, such as APACHE-II. Since these do not consider key factors 
of general health that affect mortality, facilitate more informed decision-making in 
ICU, or prior to critical illness, for issues such as giving more adequate information 
for decision-making in the ICU on issues such as maximum attention limits [40], 
adequate referral, or the need for early interventions to reverse the fragility trajec-
tory and improve outcomes. However, before the fragility score can be used to influ-
ence decision-making in the ICU, its relationship with the results in critical patients 
must be thoroughly tested [14].

Data from literature suggest that frailty can be measured in patients admitted to 
the ICU using a simple bedside assessment tool and is an important prognostic fac-
tor in both the short and long term [41].

�Conclusion

In summary, the study by Abdel-Kader et al. revealed a novel and independent asso-
ciation between AKI and subsequent frailty status at 3 and 12 months in survivors 
from critical illness. This important observational study could lead to investigate the 
mechanisms that could link both of these syndromes and how they could potentially 
predispose to each other. It is possible that the overall patient’s frailty status corre-
lates with his/her renal functional reserve and consequently constitutes an indepen-
dent risk factor for developing AKI. In addition, some injury patterns of AKI such 
as inflammation and immune system dysregulation may predispose to frailty. 
Further, some AKI consequences such as fluid overload, anemia, cardiovascular 
disease, and metabolic derangements may also affect the frailty status of some sus-
ceptible critical illness survivors. Further studies should validate these findings, 
underpin potential mechanisms of this—possibly bidirectional—association, and, 
importantly, develop therapeutic strategies focused on ameliorating the burden of 
frailty in survivors of critical illness and AKI.
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Chapter 11
Frailty in Non-Dialysis Chronic 
Kidney Disease

Malena Colombo, Victoria P. Musso-Enz, María del Pilar Romero, 
Gustavo Aroca-Martinez, and Carlos G. Musso

�Introduction

Frailty status is a condition which is not merely induced by aging but mainly by a 
progressive and sustained deterioration of several body physiological processes that 
lead to an increased vulnerability to stressors [1–7]. The main clinical characteris-
tics of frailty status are low physical activity and poor social connections [5, 8].

The prevalence of frailty and pre-frailty status in older individuals ranges from 
7% to 15% and 44% to 47%, respectively. This condition is characteristically more 
prevalent in women and increases steadily with age from 4% in older individuals 
(65–69 years) to 26% in the oldest old (≥85 years) [9, 10]. Frailty pathophysiology 
consists of a simultaneous functional reserve decline (below a 30%) of many sys-
tems, such as skeletal muscle, nervous, endocrine, and immune systems, with even 
poor coordination among their functions, leading to an altered homeostatic response, 
mediated by metabolic imbalance, cytokine over-expression (TNF-alpha, interleu-
kin-6, interleukin-1), and/or hormonal dysfunction [10, 11].
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Frailty status prevalence in non-dialysis chronic kidney disease (CKD) patients 
is around 14% [10], and CKD associated inflammation, increased oxidative stress, 
protein-energy wasting, and dysregulated methionine transmethylation reactions 
contribute to the appearance of frailty in this group [10]. Moreover, some pathologi-
cal conditions have been suggested as common pathways among frailty and CKD, 
as is the case of altered hemoglobin, interleukin 6, insulin-like growth factor 1 
(IGF-1), dehydroepiandrosterone-S (DHEA-S), hemoglobin A1c (Hb A1c), 
25-hydroxy vitamin D, vitamin B12, and, carotenoids levels [5, 7, 12].

This chapter describes the relationship between fragility and CKD, its clinical 
consequences, and adequate therapeutic approach.

�Frailty in Chronic Kidney Disease: Senescent Nephropathy

The prevalence of frailty is higher in older individuals with CKD compared to nor-
mal kidney ones, and this prevalence increases with worsening kidney function, 
having worse outcomes than those that are robust with CKD, including an increased 
falls, hospitalization, dialysis requirement, and mortality [1, 12]. Frailty phenotype 
prevalence among end-stage renal disease patients is five- to sevenfold higher than 
in community-dwelling older adults, and it is linked to higher rates of mortality [9, 
11]. The inflammatory state, which characterized both frailty and CKD, is associ-
ated with their increase in resting energy expenditure that may contribute to the 
imbalance of muscle protein homeostasis. The signaling of the anabolic hormones 
(insulin and IGF-1) is impaired by the proinflammatory cytokines by increasing the 
glucocorticoids activity, and by directly causing skeletal muscle resistance to insu-
lin and IGF-1. This phenomenon incites muscle protein breakdown via the caspase-
3 and ubiquitin proteasome system [12].

According to the Health, Aging and Body Composition Study, an estimated glo-
merular filtration rate (eGFR) less than 60 ml/min/1.73 m2 was independently asso-
ciated with the progressive difficulty in walking one-quarter of a mile or climbing a 
ten-steps stairs. In a follow-up study, participants found in the highest quartile of 
cystatin C concentration (≥1.13 mg/L) experienced a significantly higher risk of 
developing functional limitation than those in the lowest quartile (<0.86 mg/L) [13]. 
The Heart and Soul Study found that exercise capacity was diminished in patients 
with eGFR <60 ml/min/1.73 m2 for low exercise capacity, compared to those with 
eGFR >90 ml/min/1.73 m2. Further findings demonstrated that maximum exercise 
tolerance becomes impaired even in early CKD stages, since participants with 
eGFR 60–90 ml/min/1.73 m2 were also more likely to have low exercise capacity 
[13]. It has been documented that stage 3b CKD patients had defective oxygen con-
sumption during maximal exercise, and they also performed poorly on several tests 
of day-to-day activities, with maximal gait speed over a short distance 85% and 
sit-to-stand performance 79% of population norms. The proportion of patients who 
failed to rise from a chair without using their arms was higher among individuals 
with lower eGFR, and no patients with eGFR <12 ml/min/1.73 m2 were able to 
perform this task [13].
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Malnutrition is a prevalent condition in end-stage renal disease (ESRD) patients, 
which gradually progresses with renal function deterioration prior to renal replace-
ment therapy (RRT) initiation. This phenomenon can be induced by reduced dietary 
intake, uremic toxins accumulation, RRT catabolic effects, oxidative stress, meta-
bolic and hormonal imbalances, increased insulin resistance, systemic inflamma-
tion, and comorbid conditions. All these factors can lead to physical, mental, and 
social deterioration [14].

As mentioned above, CKD predisposes to frailty through many mechanisms, 
such as anemia, bone fragility, chronic inflammation, oxidative stress, athero-
sclerosis, malnutrition, sarcopenia, and even all these factors can also lead to 
CKD progression, giving place to a dangerous vicious cycle. Consequently, CKD 
in older patients are more likely to reach frailty, and as CKD disease progresses, 
the prevalence of frailty increases. Meanwhile, frailty status influences nega-
tively CKD evolution as well as the health conditions that chronic nephropathy 
patients deal with. Therefore, those patients who suffer from CKD and frailty at 
the same time are at greater risk of falling, showing fractures, getting hospital-
ized, and they also have more chances of progressing to dialysis and death. 
Because of that the coexistence of CKD and frailty phenotype has been consid-
ered a particular condition named “senescent nephropathy” (SN). SN is charac-
terized by significant clinical complications, therapeutic demands (e.g., 
rehabilitation), and worse prognosis, in comparison with robust older CKD 
patients (Table 11.1) [3, 4, 12].

Moreover, a study that compared the worsening of the health-related quality of 
life (HRQL) in ESRD documented that frailty was associated with worse HRQL at 
the follow-up, and that it was the only factor that was associated with it. The same 
study showed that the overall pattern of change in HRQL suggested that most par-
ticipants had stable HRQL but when there was a change in HRQL, it was more 
likely to be worse [15]. There is strong evidence that links HRQL with mortality 
risk in ESRD patients, but not enough studies examined this relationship with ear-
lier stages of CKD [13].

Table 11.1  Differences between chronic kidney disease (CKD) robust older patients and senescent 
nephropathy (SN) patients

CKD SN

CKD 
diagnosis

Positive Positive

Frailty score Negative Positive
Therapy Corresponding CKD 

therapy (conventional 
tagets)

Corresponding CKD therapy adjusted to frailty 
status (conventional or modified targets)
+
Frail rehabilitation & home assistance

Follow-up Standard
control rate

Tighter
control rate

Prognosis Standard Worse
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�Sarcopenia and CKD

Sarcopenia, which is defined as musculoskeletal mass and strength reduction, is an 
important component of the frailty phenotype. Its diagnosis is based on the evalua-
tion of the muscle mass by imaging techniques (computed tomography or magnetic 
resonance), bioimpedance analysis (lean body mass), muscle strength (handgrip), 
and the physical performance assessed by applying clinical test, such as the short 
physical performance battery or timed get-up-and-go test, and/ or applying clinical 
scores (Table 11.2) [4, 10, 16]. People tend to lose muscle mass at a rate of 1–2% 
per year after the age of 50 years, due to a progressive atrophy and loss of type II 
muscle fibers and motor neurons, as well as an increased variability in fiber size, 
extracellular space expansion, protein aggregates deposition within the interstitial 
matrix, and increased infiltration of adipose and connective tissues, all changes 
which contribute to a decline in the muscle functional capability. In addition, other 
mechanisms involved in the onset and progression of sarcopenia are the low protein 
diet, reduced growth hormone and androgens serum levels, insulin resistance, low 
vitamin D, high cortisol levels, metabolic acidosis, and chronic diseases such as 
diabetes mellitus, cirrhosis, peripheral vascular disease, and CKD [4, 6, 10]. 
Moreover, muscle loss is more pronounced in pre-dialysis patients, which may ame-
liorate once dialysis has been initiated [12]. Skeletal muscle biopsies from patients 
with advanced chronic nephropathy show lower mitochondrial volume density and 
mitochondrial DNA copy number than controls, changes that can be reversed by 
muscles resistance exercise [17]. An important contributor to sarcopenia during kid-
ney injury is the skeletal muscle down-regulation by inflammatory mediators such 
as IL6 and TNF-like weak inducer of apoptosis (TWEAK), being the exercise ben-
eficial effect mediated by TWEAK modulation [14, 17]. Regarding metabolic aci-
dosis, it activates caspase-3 and the ubiquitin proteasome system, inhibiting the 
intracellular signaling of insulin and IGF-1 and increasing the adrenal glucocorti-
coid production, resulting in protein catabolism that activate muscle breakdown 
cytokines (interleukin-6 and TNF-alpha), which finally induce sarcopenia [12, 14]. 
It is worth mentioning that, social isolation and depression, usually associated to 
CKD, are also sarcopenia inducing factors since these behaviors lead to inactivity 
and loss of muscles function [3, 4].

The highest concern of sarcopenia is altered locomotion, but it can also impair 
other vital functions such as glucose regulation, hormone production, and muscle 
tissue mass as the major potassium and amino acids body reservoir. Moreover, sar-
copenia increases the risk of numerous adverse outcomes such as physical disabil-
ity, diminished quality of life, and death [10]. In addition, sarcopenia explains why 

Table 11.2  Clinical sarcopenia stages

Sarcopenia Muscle mass Muscle strength Performance

Pre-status Low Normal Normal
Mild-moderate Low Low Normal
Severe Low Low Low
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when kidney function is assessed in older people using eGFR equations based on 
serum creatinine, those patients with the lowest and highest eGFR values were asso-
ciated with the highest mortality (U-shape curve) [10]. This phenomenon is particu-
larly prominent in octogenarians, and probably can be explained by the fact that 
higher eGFR can reflect those individuals with lower muscle mass and malnutri-
tion [4].

�Frailty Evaluation in CKD

Frailty screening should be routinely performed in CKD patients (young or older) 
so that targeted management strategies can be offered. The two more popular frailty 
diagnosing tests are: the Fried Frailty Phenotype and the Frailty Index (FI). The 
former has a more robust evidence base in terms of predicting outcomes in CKD 
patients, but is a time-consuming evaluation, thus not practical to be performed 
routinely to nephrology outpatients [1]. Fried et al. created the concept of frailty 
phenotype that incorporates disturbances across five clinical domains: shrinking, 
weakness, poor endurance and energy, slowness, and low physical activity level, in 
order to identify older people who are at risk of disability, falls, institutionalization, 
hospitalization, and premature death [4, 10]. Those individuals who have ≥3 
domains are considered to be frail, those who have one or two altered domains to be 
vulnerable or pre-frail individuals, and those with no domain to be fit or robust [11]. 
It is worth pointing out that sarcopenia is usually considered included into the 
“shrinking” domain; and that social isolation, depression, and cognitive impairment 
are usually considered as exacerbating conditions of the frailty phenotype [10]. 
However, as the Fried frailty phenotype was developed in community-dwelling 
older adults, some components may not be fully applicable to ESRD patients, while 
there is also some physiological reserve aspect of these patients that are not fully 
covered by the Fried frailty phenotype [9]. In this sense, since frailty phenotype, 
comorbidity, and disability are related terms but they should not be used inter-
changeably, the coexistence of these entities may imply the risk of over-diagnosing 
frailty phenotype in people whose clinical “domains” are not secondary to their loss 
of complexity (frailty phenotype) but to their comorbidities (presence of more than 
three chronic disease) or disability (altered at least one of the daily activities). Thus, 
to apply Fried frailty score to CKD patients may overreport the true prevalence of 
frailty in these groups (pseudo-frailty phenotype) [10]. Mitnitski et al. described a 
holistic approach to assessing frailty in older patient, and Rockwood et al. further 
developed a frailty diagnostic model, including a total of 70 variables consisting of 
a variety of medical and psychological conditions and functional impairments. The 
total number of deficits for an individual patient was divided by all the predeter-
mined clinical variables to calculate in order to obtain a Frailty Index (FI) score. 
Rockwood et al. then compared the FI with the frailty phenotype, demonstrating 
that both frailty definitions correlated moderately well with each other. However, FI 
is hard to implement into routine clinical cares because it requires the assessment of 
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many variables [3, 5, 12]. The Clinical Frailty Scale (CFS) is a frailty screening tool 
that consists of a 7-point scale with descriptors for levels of frailty that relies on 
clinical judgement alone, which then it was updated to nine descriptors including 
two terminality states. Higher scores on the CFS were associated with an increased 
risk of death and institutionalization. The CFS is the simplest and clinically useful 
and validated tool for diagnosing frailty, then it seems to be the most recommended 
test because it integrates known and unrecognized disturbances in multiple organ 
systems (cardiovascular, respiratory, nervous, and musculoskeletal systems) many 
of which affect survival [1]. Alfaadhel et al. demonstrated that high CFS scores at 
dialysis initiation are associated with mortality, and a subsequent study showed that 
the CFS performed in patient’s pre-dialysis is an independent predictor of mortality. 
In this sense, Iyasere et al. performed the CFS within their study that compared the 
quality of life and physical function in older patients on assisted peritoneal dialysis 
and hemodialysis, documenting that higher CFS scores were associated with worse 
HRQL scores [3, 4, 12] (Table 11.3). Clarke et al. report that the self-reported mea-
sures of physical performance Duke Activity Status Index (physical function) and 
General Practice Physical Activity Questionnaire (habitual activity regarding walk-
ing behavior) were independently associated with survival in non-dialysis CKD 
[17]. Even though self-report responses are simple to complete, they may be confus-
ing or allow respondents to overestimate their capabilities [18]. For instance, from 
a group of stage 4–5 CKD patients, only 6% self-identified as frail, while in fact, 

Table 11.3  Clinical Frailty Scale (CFS) (If dementia is present, the degree of frailty usually 
corresponds to the degree of dementia)

CFS score Clinical characteristics

1 - Very fit People who are robust, active, energetic, and motivated. These people 
commonly exercise regularly.
They are among the fittest for their age.

2 - Well People who have no active disease symptoms, but are less fit than 
category 1. Often, they exercise or are very active occasionally.

3 - Managing well People whose medical problem are well controlled, but are not 
regularly active beyond routine walking.

4 - Vulnerable While not dependent on others for daily help, often symptoms limit 
activities. A common complaint is being “slowed up,” and/or being 
tired during the day.

5 - Mildly frail These people often have more evident slowing and need help in high 
orders (finances, medication, transportation, heavy housework).

6 - Moderately frail People need help with all outdoor activities. Indoors, they need help 
with housekeeping, and often have problems with stairs. They also need 
help with bathing and might need minimal assistance with dressing.

7 - Severely frail Completely dependent for personal care, from either cause (physical or 
cognitive). Even so, they seem stable and not at high risk of dying.

8 - Very severely frail Completely dependent, and approaching the end of life (within 6 
months).

9 - Terminally ill Approaching the end of life. This category applies to any people with a 
life expectancy <6 months, who are not otherwise evidently frail.
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20% were measured as frail by applying the Fried phenotype. Besides, it has been 
documented that among ESRD patients, 91% of whom both measured and self-
identified as frail, believed that adults with ESRD just like them are more likely to 
be frail than healthy adults. However, only 58% of participants who measured as 
frail but not identified that way believed that adults with ESRD are more likely to be 
frail [9]. Even though it has been suggested that questionnaire-based frailty assess-
ing methods are more likely to overestimate the patient’s capability, they still appear 
to be predictive of outcomes [12]. Regarding the medical-reports, 98% of clinicians 
think that adults with ESRD are more likely to be frail than healthy adults. There are 
three Fried frailty components that at least one clinician identifies as not relevant to 
adults with ESRD: weight loss, slowed walking, and weak strength. The component 
most frequently identified as not relevant to adults with ESRD was weight loss, 
since their weight constantly fluctuates [9]. Regarding frailty diagnostic physical 
test, the walking speed test showed the highest area under the curve (AUC) value 
(0.97 [95% CI 0.93–1.00]), but the Frailty Phenotype walking speed criterion cut-
off was most discriminative with a sensitivity of 0.84 (95% CI 0.62–0.94) and speci-
ficity of 0.96 (95% CI 0.88–0.99). Among the non-physical frailty diagnostic tests, 
the CFS showed the highest AUC value (0.90 [95% CI 0.84–0.97]). It showed good 
sensitivity and specificity when using a cut-off of ≥5 (0.79 [95% CI 0.57–0.91] and 
0.87 [95% CI 0.78–0.93], respectively [1] (Table 11.1). Finally, Iyasere et al. dem-
onstrated that higher CFS scores are associated with worse HRQL in older patients 
receiving assisted peritoneal dialysis and hemodialysis. The FI had the worst perfor-
mance with a low and non-significant AUC value (0.63, 95% CI 0.50–0.78) in 
CKD. Roshanravan et al. demonstrated that walking speed is associated with mor-
tality in patients with CKD, unlike hand grip strength [1].

It should be taken into account that the low level of physical activity usually 
found in ESRD patients can tend to over-detect frailty phenotype in this group; then, 
the reliable tests mentioned above can help to avoid misdiagnose [10].

�Senescent Nephropathy Treatment

Frailty status trends should be identified since there is a window of opportunity in 
which clinicians can successfully intervene by referring patients to interventions 
aimed at decreasing frailty risk and minimizing premature mortality by optimizing 
nutritional and rehabilitation [18]. The prevention or delay of the appearance of 
frailty and sarcopenia can be accomplished mainly by low intensity resistance and 
aerobic physical exercise, an adequate caloric and protein intake, vitamin D supple-
mentation, and avoidance of polypharmacy. In addition, these patients should also 
receive their CKD corresponding treatment, but even frailty evaluation can contrib-
ute to redesigning patient’s therapeutic objectives [16].

There is an increased risk of poor outcomes associated with frailty, leading to the 
analysis of risk to benefit trade-off of standard treatment options (including renal 
replacement therapies) for the patient. For instance, nephroprevention objectives for 
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frail CKD older patients should be different from those for robust CKD young 
patients (Table 11.4) [19]. Therefore, early frailty identification is a vital medical 
target because of its high and increasing prevalence and to its prognostic importance 
and influence in the potential medical management (Fig. 11.1) [4].

Table 11.4  Nephroprevention targets (estimative) for chronic kidney disease (CKD) and senescent 
nephropathy (SN) patients

Nephroprevention
targets

CKD
conventional  
targets

SN
modified targets (if conventional targets were not 
tolerated)

Diet Low sodium
Low protein

Normal sodium (to avoid hypotension and/or hyponatremia)
Normal protein (to avoid sarcopenia)

Hemoglobin (g/dl) 11 11.5–12 (to avoid cognitive dysfunction and/or falls)
Glycated hemoglobin 
(HbA1C) (%)

<7 7.5–8.5 (to avoid hypoglycemia)

Blood pressure
(mmHg)

≤130–80 ≤140/150–80 (to avoid cognitive dysfunction and/or falls)
diastolic higher 60 (to avoid coronary event)

Proteinuria (g/day) <0.5 ˂1 (to avoid hyperkalemia, hyponatremia, and /or renal 
function deterioration induced by antiproteinuric drugs)

CKD    
older 

patients

robust    
older patient

(chronic    
nephropathy)

frail           
older patient

(senescent 
nephropathy)

older 
patients

oldest old   
patients

• consider  
modified    
nephro  
prevention
strategies

• frailty 
treatment

• consider   
conservative 
treatment, 
and defer 
dialysis

• conventional
nephro    
prevention
strategies

• early dialysis
initiation

• consider  
modified 
nephro  
prevention
strategies

• consider   
conservative  
treatment,  
and defer  
dialysis

Fig. 11.1  Proposed nephroprevention algorithm in older patients with chronic kidney dis-
ease (CKD) 
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�Diet

Patients with advanced CKD often have a reduced energy intake that contributes to 
sarcopenia and, subsequently, to physical frailty. This is generally due to anorexia 
which is present in one-third of ESRD patients. This loss of appetite is multifacto-
rial, being its potential contributors the uremic milieu, inflammation, superimposed 
illnesses, medications, and low mood. Moreover, the uremic toxins accumulation 
causes defects in the appetite hypothalamic regulation. Cognitive impairment, 
which is more common in the CKD population, usually leads to reduced food 
intake. Patients with CKD should maintain an adequate protein and energy intake 
while restricting dietary phosphate intake to prevent the development of secondary 
hyperparathyroidism and CKD bone disease [12].

�Exercise

Exercise can be used as a treatment for sarcopenia, since its beneficial effect has 
been associated to improvements in proteolysis, muscle regeneration, and inflam-
matory cytokines release. Low-intensity resistance and aerobic exercise improved 
physical fitness, muscular strength, and quality of life not only in ESRD and dialysis 
patients, but also has positive effects on eGFR and exercise tolerance in stage 3–4 
CKD. Unfortunately, limited evidence is available regarding the exercise impact on 
frailty in earlier stages of CKD [9, 10, 17]. The importance of regular exercise in 
CKD older patients lies in building up or maintaining their functional capacity and 
independence [5]. In this sense, an exercise counseling clinic could be an option to 
prevent the progression of sarcopenia in CKD. This counselling clinic should con-
sist of an active clinical program situated in a medical fitness facility that special-
ized in dealing with chronic nephropathy. When patients first enter the program, 
they should be evaluated, after this evaluation, they should be counseled by a certi-
fied exercise physiologist who will prescribe an individualized exercise plan, which 
includes a combination of aerobic and resistance exercise. Then, nephrologists 
should make a revision of physical exercise for each individual to rule out possible 
contraindications for these patients. Finally, patients receive periodic motivational 
counseling, which includes review of the initial exercise prescription, identification 
of barriers to exercise, and reminder regarding patient’s follow-up [8].

�Anemia Treatment

A large multicenter cross-sectional study in stage 3–5 CKD performed by Finkelstein 
et  al. showed that higher hemoglobin levels were associated with significantly 
higher HRQL scores, being the maximal score increase when hemoglobin ranges 
10–12 g/dL, with blunted improvements above this level [13, 20].
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�Androgens

Testosterone deficiency is frequently present in male ESRD patients and is indepen-
dently associated with adverse outcomes. In earlier stages of CKD, testosterone 
level was an independent predictor of muscle mass and strength, with low serum 
levels of testosterone in men which is a significant factor in the sarcopenia and 
frailty pathophysiology [12]. Since that testosterone has been proposed as a thera-
peutic alternative, if it is not contraindicated, to treating sarcopenic frailty older 
patients [10].

�Vitamin D

Low 25-hydroxyvitamin D [25(OH)D] levels are associated with frailty in the older 
individuals. The vitamin acts directly on skeletal muscle influencing contractile 
muscle function and muscle metabolism. Gordon et al. demonstrated that 1,25(OH)
D is a determinant of physical function and muscle size in CKD patients. Therefore, 
vitamin D deficiency may contribute to developing frailty in CKD, and this vitamin 
supplementation could be useful for treating this deficit [10, 12].

�Other Measurements

Oral sodium bicarbonate treatment can be used to treat mild metabolic acidosis, 
improving nutritional parameters and muscle strength. Most guidelines currently 
recommend administering oral sodium bicarbonate when the serum bicarbonate 
concentration is <22  mmol/L, though the target of bicarbonatemia is not well-
defined. It is also important to avoid periods of significant fluid overload that can 
stimulate the inflammatory cascade and subsequent protein catabolism, thus fluid 
restriction, diuretic therapy and RRT can be required. Finally, uremia leads to pro-
tein catabolism and subsequent sarcopenia, therefore the timing of dialysis initia-
tion is important [12]. Angiotensin-converting enzyme inhibitors may improve the 
structure and biochemical function of skeletal muscle, and they may halt or slow 
senile decline in muscle strength. Other substances that may improve muscular 
function are growth hormone, androgens, and antioxidants [10]. In addition, avoid-
ance of polypharmacy may be another efficient strategy to prevent or delay the onset 
of both frailty and sarcopenia [10, 12, 21].

There are a number of therapeutic options available for older CKD patients 
that should be chosen taking into consideration the patient’s therapy choice and 
overall clinical functional status. These are nephroprevention strategies (conven-
tional or modified), conservative treatment, dialysis initiation (early or delayed), 
or palliative care [4, 10, 22]. Regarding the conservative treatment, it has the 

M. Colombo et al.



149

objective of managing non-anuric ESRD patients without prescribing dialysis. It 
constitutes an alternative for handling non-terminal very old or frail older patients 
suffering from ESRD who are not adequate candidates for dialytic therapy, due to 
medical or personal (autonomy) reasons. For CKD conservative treatment many 
drugs can be used, such as loop diuretics for salt and water overload, potassium 
binders for hyperkalemia, subcutaneous erythropoietin for anemia, sodium bicar-
bonate for metabolic acidosis, activated charcoal for high serum urea, calcium 
supplements for hypocalcemia, and phosphate binders for hyperphosphatemia. 
Besides, this treatment also includes nutritionist counseling and psychological 
support [16].

Regarding the palliative treatment, which is used in terminal patients, consists of 
a symptomatic therapy (oxygen, analgesic, etc.) that includes psychological assis-
tance [16]. In this regard, around 5% of older patients refuse to initiate dialysis and 
octogenarian patients may not be able to receive treatment due to extreme frailty, 
such as marked dementia or multiple comorbidities, due to lack of dialitic accesses 
or even intolerance to the procedure. On the contrary, withdrawal from dialysis is 
more frequent among nursing home dialysis patients, and discontinuation rate is 
associated to social and medical reasons, such as severe dementia or terminal onco-
logical disease.

When senescent nephropathy is present, frailty treatment should be initiated based 
on its inducing condition. For example, whether muscle mass loss is identified as the 
patient’s frailty-inducing factor, a normal diet and muscle exercise should be recom-
mended, instead of a low-protein diet and low daily exercise. Moreover, the CKD 
therapeutic measures that are usually used should be executed more carefully in cases 
where frailty coexists with CKD, due to the patient’s intolerance. In cases where 
conventional targets cannot be accomplished due to patient’s intolerance to nephro-
prevention therapy, modified nephroprevention targets, doses ajusted to frailty, and 
more rigorous medical controls, should be sought (Table 11.4 and Fig. 11.1) [4].
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Chapter 12
Frailty in Older Dialysis Patients

Adina Carmen Ilie, Andra Nastasa, Victoria Paula Musso-Enz, 
Carlos Guido Musso, and Adrian Covic

�Aging, CKD, and Frailty

In the future, the share of  older individuals (≥ 65 years) is projected to increase; for 
example, it is anticipated that the percent of this category in the total population of 
the European Union will rise from 19.2% at the start of 2016 to 29.1% by 2080 [1]. 
On the other hand, chronic kidney disease (CKD) is a growing problem among older 
people, with an increasing prevalence due to socio-economic development and bet-
ter life expectancy.

The older dialysis population is also expanding, as shown by numerous data: in 
Dialysis Outcomes and Practice Patterns (DOPPS) study, the mean age of participants 
at study entry increased over time in all 12 DOPPS countries. Also, older patients 
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represented a different proportion of DOPPS participants across countries and regions 
with the highest percentage of very old dialysis patients (≥75 years) in Europe (27.4%) 
[2]. The increase of the older patients in dialysis based on the expansion of the popula-
tion 70 years of age and older is a trend also observed in Japan [3] and the USA [4].

With the growing number of older patients with recognized CKD, the issue of 
frailty appears to be of major interest because both aging and CKD share this com-
mon feature. Moreover, CKD accelerates the process of aging via protein energy 
wasting, uremic toxins, and chronic inflammation [5]. The combined consequences 
of chronological and pathological aging may explain the higher prevalence of frailty 
in CKD patients.

Normal aging should be distinguished from pathological aging (senescence) 
since the latter characteristically reduces the homeostatic capability of older people, 
making them frail. Additionally, CKD is associated to deleterious processes (inflam-
mation, oxidative stress, protein-energy wasting, etc.) which accelerate and worsen 
the aging process inducing fragility [6, 7]. Moreover, coexistence of frailty and 
CKD has been documented to increase risks of falls, fractures, hospitalization, and 
mortality [8]. Therefore, there is a deteriorating interdependence between CKD and 
aging where CKD makes aging accelerate and worsen (senescence), while senes-
cence makes CKD accelerate its deterioration (senescent nephropathy), with frailty 
status being the common path which catalyzes this spiral of damage. Frail older 
CKD patients suffer from a condition that has been called senescent nephropathy, 
which usually has different clinical complications, therapeutic needs, and worse 
overall prognosis compared to fit CKD older patients (chronic nephropathy). 
Consequently, older dialysis patients should be evaluated in order to identify the 
presence of frailty, and when frailty status is documented, rehabilitation therapy 
should be added to their dialytic treatment. In addition, conventional dialysis tar-
gets, if not tolerated, should be adapted to the patient’s frailty status [9].

An important aspect that needs to be underlined is that prevalence estimates are 
affected by the way frailty is assessed. Although definition or the diagnostic crite-
ria of “frailty” have not gained broad consensus, there are two main approaches to 
assess physical frailty: the first, Cumulative Deficit Model, consists of summing 
together an individual’s number of conditions and impairments to create a Frailty 
Index [10]. The second model was originally defined by Fried et  al. [11] as a 
Phenotype Model of Frailty consisting of at least three of the following five com-
ponents: unintentional weight loss, exhaustion, physical inactivity, slow gait 
speed, and weak grip strength. In order to apply the notion of frailty to patients 
with CKD or end-stage renal disease (ESRD), the frailty phenotype has been 
adapted in numerous ways, but still remained anchored to the five domains ini-
tially established by Fried et al. Using the customized criteria for application to 
NHANES III data, Wilhelm-Leen et al. [12] found that frailty was significantly 
associated with all stages of CKD and particularly with moderate to severe CKD, 
even after adjustment for the residual effects of age, sex, race, and prevalent 
chronic diseases; in other words, risk of frailty was increased approximately two-
fold in mild CKD and approximately six-fold in persons with moderate to severe 
CKD (at an estimated glomerular filtration rate <45 mL/min/1.73 m2, prevalence 
of frailty was 20.9%).
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Frailty is more prevalent among patients on hemodialysis (HD), varying between 
14% and 73% [13], as a result of heterogeneity between the methods used to assess 
it. When using a self-report-based definition of frailty in a cohort of 2275 dialyzed 
adults, Johansen et al. found that two-thirds of the patients were frail and that older 
age, female sex, and HD (rather than peritoneal dialysis) were independently asso-
ciated with frailty [14]. The substantially higher prevalence of frailty among ESRD 
patients could be explained by the fact that worsening kidney function is associated 
with many of the same clinical features as advanced age in the absence of kidney 
disease, such as loss of muscle mass, inactivity, high burden of comorbid condi-
tions, and decline in physical and cognitive functioning.

The fact that frailty is extremely common among dialysis patients raises the next 
question about its significance. There is strong evidence that links frailty with an 
increased risk of death, hospitalization, falls, and fractures [13]; in an attempt to quan-
tify the association of frailty with adverse outcomes of mortality and hospitalization in 
146 prevalent HD patients, McAdams-deMarco et al. found that the 3-year mortality 
was 40% for frail participants, compared with 16% for non-frail [15]. The proportion 
with two or more hospitalizations over the subsequent year after enrollment was 43% 
for frail patients, compared with 28% for non-frail hemodialysis-dependent adults 
[15]. An additional study [16] found that frailty independently predicted a threefold 
higher number of falls in a cohort of 95 hemodialysis patients, regardless of age.

Frailty impacts not only clinical outcomes, but also the patient-centered outcome 
of health-related quality of life (HRQOL). In a prospective study of 233 patients 
with ESRD, participants who were frail at the initial assessment were 2.91-fold 
more likely to report worse HRQOL at follow-up [17]; this observation highlights 
frail ESRD patients as a highly vulnerable population that is significantly impacted 
by their health status.

Given the relationship between frailty and adverse outcomes, greater attention should 
be focused on identifying frail dialysis patients and on creating an adequate strategy to 
address frailty, including managing risk factors that may exacerbate its progression.

Even though it has been reported that two-thirds of the incident dialysis patients 
are frail, and within the first 6 months, more than 30% of them usually have func-
tional loss requiring caregiver support or transfer to a nursing home, almost two-
thirds of older patients can perform peritoneal dialysis (PD)  on their own. This 
phenomenon has been attributed to the fact that cognitive tests usually show better 
performance for older patients on PD than on HD [18, 19].

�Risk Factors for Frailty in Older HD Patients

�Accelerated Aging

Frailty is a geriatric syndrome, being first described in the older population. In the 
hemodialysis (HD) population, frailty is also described in non-older HD population. 
Since aging is described as an important factor associated with frailty [20], in 
HD  population accelerated aging is involved [21]. Dialysis patients might age 
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15 years faster as described in the Gomperts equation model. [22] Factors involved 
in accelerated aging are multiple and divers: chronic inflammation, oxidative stress, 
angiotensin II (AT-II), cardiovascular disease and risk factors, S-Klotho, the sirtuins 
(SIRT), and the target of rapamycin (TOR).

Uremia and CKD are characterized by activation of immunity, which is charac-
terized by activated monocytes and increased synthesis of proinflammatory cyto-
kines (IL‑ 6, tumor necrosis factor [TNF], and IL‑ 1) and chemokines [20]. Also, in 
advanced CKD, there is an impaired removal of proinflammatory cytokines and 
exposure to inflammatory stimulants such as uremic toxins and even toxins pro-
duced by the dialysis procedure itself. Moreover, aging itself predisposes to chronic 
inflammation [22, 23]. Inflammation in HD patients is contributing to frailty through 
multiple ways: anorexia, malnutrition and protein-energy wasting, muscle wasting, 
protein degradation, insulin resistance, among others [24, 25].

Oxidative stress and free radicals are increasing both with age and with CKD, 
and are involved in inflammation, accelerated aging and frailty in HD patients [26, 
27]. Advanced glycation end products are the result of oxidative stress and have 
been implicated in healthy, age-related reduction in kidney function and are cer-
tainly accelerated in HD patients [27].

AT-II receptors (ATR) are involved in normal aging. ATR-1 stimulation promotes 
mitochondrial damage and reactive oxygen species production leading to age related 
vascular changes. Opposite, ATR-2 promotes vasodilatation [28]. In HD patients, 
ATR-1 expression is significantly increased, compared to non-dialyzed patients, 
leading to increasing of the intrarenal renin-angiotensin system (RAS) activation 
and to subsequent renal damage. Modifications occur even after initiation of dialy-
sis [29].

Cardiovascular disease and risk factors are involved in accelerated age-related 
decline in renal function in older patients [28]. HD frail, older patients, are more 
likely to have diabetes mellitus and cardiovascular conditions, including congestive 
heart failure, coronary artery disease or myocardial infarction, cerebrovascular acci-
dent or transient ischemia attack, peripheral vascular disease, and other cardiac dis-
ease [30]. Also, classical predictors of frailty such as decreased muscular strength 
and muscle mass and the cardiovascular disease were observed in older HD patients 
with frailty [21]. Peripheral artery disease is closely associated with frailty in 
HD patients and low grip strength, and the small thigh circumference values are 
significantly associated with the existence of peripheral artery disease [31].

The relationship between Klotho, one of the most powerful aging-suppressor 
gene, and renal function is an inverse one, and has been previously documented. 
Klotho deficiency might exacerbate hyperphosphatemia in uremic patients, leading 
to further accelerated inflammation and increasing vascular calcification [32]. 
Moreover, in HD older male patients, low plasma S-klotho levels are related to 
impaired physical performance [33], marker for sarcopenia and frailty.

SIRT-1 is another longevity gene involved both in renal aging and frailty. SIRT-1 
under-expression promotes pro-fibrotic and pro-apoptotic effects in renal interstitial 
cells leading to accelerated aging [28]. Moreover, in hemodialyzed patients, SIRT-1 

A. C. Ilie et al.



155

polymorphisms are associated with abnormal cholesterol metabolism and coronary 
artery calcification [34], factors for frailty in older HD patients.

In community-dwelling older adults, frailty is associated with elevated markers 
of systemic inflammation, particularly interleukin-6, soluble tumor necrosis factor- 
receptor-1 and C-reactive protein. This is illustrated by a multi-center study of 762 
hemodialysis patients, in whom increased interleukin-6 levels were associated with 
an increase in the Fried frailty phenotype score [35].

�Sarcopenia

Sarcopenia in older HD patients is an important determinant for frailty. Older 
patients on HD are exposed to conditions related to the disease (increased protein 
catabolism induced by metabolic acidosis, pro-inflammatory cytokines, hyperpara-
thyroidism, associated diseases), related to the dialysis procedure (increased protein 
degradation and reduced protein synthesis, dialysis nutrient loss) and related to sub-
sequent protein energy wasting and mechanical changes, all of which predispose 
them to an important loss of muscle mass and muscle strength [36]. Besides, sarco-
penia is usually related to malnutrition-inflammation-atherosclerosis (MIA) syn-
drome in dialysis patients [37], and it can be quantified through muscle mass and 
muscle strength [38, 39]. Most commonly used measures for sarcopenia are dual 
energy x-ray absorptiometry, bioelectrical impedance, sum of skinfold thicknesses, 
calf circumference and mid-arm muscle circumference and muscle strength evalu-
ated by handgrip dynamometer and decreased physical function evaluated by walk-
ing speed [36]. Lamarca et al. conducted a study to identify sarcopenia in older HD 
patients using different measures. They found that the prevalence of sarcopenia var-
ied from 3.9% to 63.3% and only 2–15.7% of the patients were classified as sarco-
penic by more than two diagnostic criteria, suggesting a low rate of agreement 
among these [36]. Different data reported a 31.5% prevalence of sarcopenia in older 
HD patients and the diagnosis of sarcopenia was mainly driven by muscle mass 
measurement because muscle strength was low in the large majority of HD patients 
[40]. Sarcopenic obesity and its presence in older HD patients is known to increase 
chronic inflammation and the risk of falls [41, 42]. Bao et  al. found in the 
Comprehensive Dialysis Study that higher estimated GFR at dialysis initiation was 
associated with higher odds of frailty. Since GFR estimation was based on creat-
ininemia, a high estimated GFR value may reflect in fact sarcopenia. In addition, the 
uremic symptoms that led nephrologists to prescribe dialysis initiation to these 
patients could be in fact symptoms of frailty phenotype [43]. Sarcopenia is charac-
teristically associated with all-cause mortality, and it is usually documented in 
10.9% of PD patients, a proportion that is lower than the one reported in HD patients. 
Even though nutritional assessment is very important in all dialysis patients, it is 
particularly crucial in frail older patients who have high peritoneal protein loss in 
order to avoid worsening sarcopenia [37, 44].
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�Malnutrition

Incidence of malnutrition varies in the older HD patients, depending on the measure-
ment tool used. One study documented that 4% of the patients were malnourished 
and almost half (47%) of the patients were at risk for malnutrition [45]. Another set 
of data also shows a highly variable prevalence of malnutrition or protein-energy 
wasting (PEW), ranging from 26% to 77% in the older dialysis population depending 
on the methods used to define it [46]. The methods used for determining malnutrition 
or PEW in older HD patients vary from screening tests such as Mini Nutritional 
Assessment (MNA), malnutrition inflammation score (MIS), subjective global 
assessment (SGA), to biochemical data such as albumin and pre-albumin levels, to 
corporal composition. Causes for malnutrition in older HD patients are: age-related 
(reduced metabolic expenditure, anorexia, low muscle mass and function, seden-
tarism, taste abnormalities), psychosocial and medical-related factors (dementia, 
depression, comorbidity, polypharmacy, poverty, loneliness, dependency), and CKD 
factors (uremic toxicity, metabolic derangements, inflammation-related catabolism, 
dialysis-related catabolism, dysregulation of gastrointestinal homeostatic mecha-
nisms, altered blood concentration of appetite regulators, and deranged hypotha-
lamic output) [47, 48]. Older HD patients also have poor dietary quality and higher 
consumption of processed and ultra-processed food, and these dietary negative hab-
its are exacerbated during dialysis days. The factors involved are multiple dietary 
restrictions which might lead to a poorer overall dietary quality, consisting of a lower 
intake of fiber, vitamins, and nutrients that ultimately falls outside of what is gener-
ally recommended as a healthy diet [49]. In older HD patients, we must rethink the 
benefits of dietary restrictions regarding the overall health of dialyzed patients and 
regarding the higher risk for malnutrition, and subsequent frailty with their important 
adverse outcomes. Regarding obesity, it improves survival in dialysis patients 
(reverse epidemiology), a phenomenon that can be explained by the fact that progres-
sive wasting and chronic inflammation outweigh the influence of traditional cardio-
vascular risk factors. Therefore, evaluating parameters of body composition, such as 
mid-arm muscle circumference (lean mass surrogate) and triceps-skinfold thickness 
(fat mass surrogate), can also be useful in evaluating all-cause mortality risk in dialy-
sis patients [43]. Regarding nutritional status in PD older patients, they have better 
scores in the subjective global nutritional assessment, compared to those patients on 
HD. This may be due to the significant caloric contribution that this modality pro-
vides to patients (300–450 kilocalories / day). This constitutes a nutritional advan-
tage, as long as it does not lead to being overweight or is not associated with a 
significant protein loss. Thus, it is essential that the patient has adequate nutritional 
control, particularly in this population [19, 50–52].

�Depression

Frailty has not only a physical compound, but also a social and mental compound, 
and depression is an important factor in frailty. Frailty and depression share several 
risk factors, such as chronic inflammation, oxidative stress, mitochondrial 
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dysfunction, hypothalamic-pituitary axis dysregulation, and vascular disease, all 
with higher frequency in older HD patients [53].

Recent data shows that 31% of the older HD patients had symptoms of depres-
sion [52] leading to increased frailty and to negative outcomes. The extended Frail 
and Elderly Patients on Dialysis (FEPOD) emphasizes the fact that older patient on 
HD have lower depression score compared with patients with conservative kidney 
management. Moreover, in this study, worsening frailty was associated with higher 
depression scores underlining the strong connection between depression and 
frailty [54].

�Cognitive Decline

There is a causal link between frailty and cognitive impairment in older HD patients, 
and age-associated processes that lead to frailty are also responsible for cognitive 
decline. The mechanisms involved in cognitive impairment and subsequent frailty 
comprises inflammation, cardiovascular disease, nutrition, neuropathology, and the 
effect of uremic toxins [55]. Prevalence of cognitive impairment in older HD 
patients ranges from 6% to 13%, depending on the measurement test and may reach 
41% in the very old persons [56]. Cognitive impairment and frailty are significantly 
associated with a higher risk of adverse health outcomes such as mortality, depen-
dence, institutionalization, among others [57]. New data about frailty and cognitive 
decline in HD older patients will be available after the completion of The Cognitive 
decline in Older Patients with End stage renal disease (COPE) study, which has 
multiple objectives, including to determine the underlying pathophysiological 
mechanisms [58]. Wolfgram et al. documented that those patients who began their 
dialysis therapy with the peritoneal modality had a 25% lower risk of acquiring 
dementia compared to those who did it with HD, despite adjusting for risk factors 
such as age and diabetes mellitus. It has been postulated that fluctuations in blood 
volume and blood pressure that occur during HD could lead to repeated episodes of 
cerebral ischemia [59].

�Cardiovascular Complications

Hemodialysis can have significantly negative circulatory impact on older 
patients, particularly in frail ones [60]. This hemodynamic effect is especially 
notable at the level of coronary flow, causing a transient abnormality in the 
movement of the heart wall known as “myocardial stunning,” which after 
repeated hemodialytic sessions can lead to fixed defects, and finally, systolic 
cardiac dysfunction and heart failure. This cardiac abnormality during the hemo-
dialysis session has a strong correlation with age and at the same time is associ-
ated with premature death [61, 62]. Moreover, preexisting cardiac dysfunction in 
the frail older population can cause arrhythmias, hypotension, and the sensation 
of marked post-dialysis asthenia [19, 63]. Conversely, peritoneal dialysis has an 
advantage over HD, since it does not cause such hemodynamic insult and 
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therefore does not induce “myocardial stunning,” which makes it a more 
reasonable option for older adult patients with lower coronary reserve [61, 62]. 
Therefore, it has been reported that survival would be slightly higher in frail 
patients who started PD compared to those patients who started HD, phenome-
non which could be explained because of lower risk of cardiovascular complica-
tions in the peritoneal modality [60].

�Consequences of Frailty in Older Dialysis Patients

�Falls

Falls are common in the older HD patients and represent a marker of underlying 
frailty and functional dependence. The FEPOD study showed that of 47% of older 
dialyzed patients experienced at least one fall during 2-year follow-up, and this data 
was comparable between PD and HD. Moreover, having one or more previous falls 
was associated with a 2.5 times higher risk of new falls [64]. The predisposing fac-
tors for falls in older HD patients are multiple and frailty with its sarcopenia is a 
major one. More cited factors are: mineral and bone disorder associated to CKD 
[65], presence of multiple comorbidities at the time of starting dialysis, including a 
high prevalence of diabetes mellitus, cardiovascular disease, depression, sleep dis-
orders, restless leg syndrome, and peripheral and autonomic neuropathies, multiple 
medication [66]. There are also factors related to HD such as marked fluid, electro-
lyte and weight shifts during dialysis therapy may represent unique risk factors in 
dialysis patients who are prone to dizziness, hypotension, and arrhythmias in the 
post-dialysis period [67]. After one episode of fall, the fear caused by falling is lead-
ing to limitation of activities and leaving the home less frequently. This inactivity 
due to fear of falling may lead to decreased strength, agility, and balance, which will 
lead to further loss of independence, further functional decline, and subsequent fall-
ing [43].

Peritoneal dialysis allows dialysis treatment to be carried out in the comfort of 
the home, as well as avoiding transfer to the dialysis unit several times a week, thus 
it is a less stressful dialytic modality for dialysis patients suffering from gait disor-
der and increased risk of falls. This fact contributes to give these patient the oppor-
tunity of not having to depend on a family member or an ambulance to move [61, 
62]. Additionally, by avoiding transportation, frail patients can invest this time in 
their physical rehabilitation [61, 68]. Lower mobility associated to frailty phenotype, 
can represent an advantage in older peritoneal dialysis patients since this reduced 
physical activity leads to less frequent exit-site complications [45]. Information 
technologies such as telenephrology, recording and monitoring devices, make 
handling frail older PD patients at home much simpler, reducing their need of 
visiting dialysis units [69].
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�Hospitalizations

The number of hospitalization episodes has been considered a sign of poor clinical 
prognosis, which are associated with frailty. The rate of visits to hospital emergency 
services among frail older HD patients is almost twice that of non-frail patients and 
the mean hospital stay is longer [70]. Similar data are described in other studies, 
where hospitalizations were associated with frailty and falls, and hospitalization 
rate was 2–2.5 times higher compared to non-frail older HD patients [55, 71].

�Dependence/Disability

In older HD patients, severely impaired performance status ranged from 13% to 
33%, depended by modality of diagnosis and population [53]. In the study con-
ducted by Kurella Tamura et al. investigating functional status of older adults before 
and after initiation of dialysis, the results showed that within 3 months after the start 
of dialysis, 61% of the older patients had died or had a decrease in functional status 
as compared with their functional status before dialysis, and 39% had the same 
functional status that they had before dialysis. Moreover, by 12 months, 87% of 
older HD patients had died or had a decrease in functional status [72]. Impaired 
mobility appears to be the strong indicator for early mortality among all clinical risk 
factors, including calendar age and comorbidity, with total dependency for transfers 
being independently associated with 3-month mortality, as described in REIN reg-
istry [73]. All expressions of disability such as dependence for transfers, depen-
dence in Activities of Daily Living, and impaired mobility were associated with 
mortality in older, frail, HD patients [53].

�Decreased Quality of Life (QoL)

QoL in patients on dialysis treatment is worse than that of a general population 
comparable for age and gender, despite the dialysis type. Associated frailty has a 
significant negative role on physical component of QoL that is more compromised 
than the mental one and dependence is also having a significant negative effect 
on many domains of QoL [74]. Newer data confirmed that dialysis modality was 
not significantly associated with measures of QoL, but higher frailty scores were 
associated with lower QoL, even after adjustment for dialysis modality and other 
patient characteristics [75]. Data from the FEPOD study showed that treatment 
by dialysis, both with peritoneal dialysis and HD, improved some QoL measures, 
but overall, PD was slightly better than the other modalities in the older popula-
tion. However, as in the primary FEPOD study, frailty was associated with worse 
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QoL measures [48]. Studies in the United Kingdom showed no differences in 
QoL, survival, or the need for hospitalizations between patients on PD and 
HD. This was also observed with respect to the SF-12 score, although the mental 
domain score favored patients on PD, especially after the first year of renal 
replacement therapy [62, 76]. This is probably linked to the fact that the method 
rating as intrusive is significantly higher for HD  than for  PD [62, 63, 68]. 
Although some studies reported no significant differences in the QoL  among 
older patients on HD and non-assisted PD, other studies did document a better 
QoL in older patients treated with assisted PD versus HD. Perhaps, this differ-
ence could be explained by a different fragility status among the studied patients 
[19, 63, 77].

�Increasing Healthcare Costs

In older, frail HD patients with multiple comorbidities and multiple consequences 
of frailty, the hospitalizations are multiple, with higher lengths and also the visits 
to the emergency department are frequent. The number of visits to the emergency 
service and hospitalizations are important information for the management of 
healthcare resources. This may lead to saturation of these services and increasing 
healthcare costs [46]. Also, the healthcare costs are increasing due to the increas-
ing need for assistance associated with altered functional status of older HD 
patients and due to increasing need for institutionalization, medical chronical ser-
vices, other than dialysis and multiple medications. It is worth pointing out that 
PD allows dialysis treatment to be carried out at home, as well as avoiding transfer 
to the dialysis unit several times a week, helping consequently to save resources 
[61, 63].

�Death

The older frail HD patients have a high burden of comorbid illness, leading to a high 
overall mortality. However, frailty has been found to be independently associated 
with higher mortality in all studies that have examined the association between 
frailty and mortality [78]. Newer data about mortality in older HD patients are 
described by van Loon et al. and showed that the 2-year mortality rate is 29% [55]. 
Mortality rates in older, frail patients are influenced by multiple factors: fall, depres-
sion, impaired mobility, age, cognitive status, clinical status before dialysis initia-
tion, social factors, presences of family, institutionalization, and more to be 
investigated.
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�How to Approach an Older, Frail HD Patient

�Comprehensive Geriatric Assessment (CGA)

The management of frailty involves an integrated approach. From this point of view, 
CGA emerges as an important step, because it represents a model of care based on 
a multidisciplinary assessment that identifies medical, psychosocial, functional, and 
environmental needs, and informs development of a coordinated care plan [79].

CGA is widely used in geriatric care, but not often applied outside this spectrum; 
most evidence for its effectiveness derives from acute hospital settings, where a 
systematic assessment has been associated with better outcomes in terms of physi-
cal function and survival [80]. Although the role of CGA in chronic disease settings 
is less well established, growing data suggest that it is feasible to use it within 
nephrology care, with the mention of further research required in order to assess 
outcomes [81, 82].

Components of CGA that are most relevant to managing geriatric patients with 
ESRD on dialysis are: functional status assessment (estimated by determining a 
patient’s ability to perform routine tasks of daily life or Activities of Daily Living – 
ADL), cognitive impairment assessment (using tools like “MoCA” test for evalua-
tion of executive dysfunction), nutritional analysis, and also identification of other 
important issues like polypharmacy, depression, risk of falls [83]. It has been sug-
gested that the CGA should take place at the moment of dialysis initiation and at any 
major change in a patient’s health or functional status (such as hospitalization), in 
order to re-evaluate the management plan [83].

Identifying dialyzed patients at risk of functional disability and/or decline with 
the help of CGA may have the potential to maximize health outcome priorities for 
patients: rehabilitation and maintenance of independence [84].

�Nutrition

Nutrition is a greater challenge in the older than in the younger dialysis patients 
because there are several factors that can interfere with maintaining adequate nutri-
tional status, like decreased mobility, impaired cognitive function, reduced appetite. 
Taken together, these factors contribute to the concept of undernutrition, which has 
a major impact on the development of sarcopenia and frailty [85]. A recent study 
conducted by Villain et al. on 3165 incident HD patients ≥75 years of age from 178 
French dialysis units showed that poor nutritional status was the variable most 
strongly associated with mortality, with a negative prognostic impact of low nutri-
tional markers [86]. This finding represents a consolidation of the statement out-
lined by the guidelines that “preserving nutritional status should prevail over any 
other dietary restriction” [87].
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In order to maintain an adequate nutritional status in the frail older dialysis 
patient, the first matter that needs to be addressed is identification of possible causes 
for reduced appetite; these can include medication, metabolic acidosis, intercurrent 
illness, and comorbid conditions such as depression [88]. Secondary, the dietary 
advice should consider that the risks of undernutrition and protein energy wasting 
may outweigh the benefits of rigorous phosphate control in the frail cohort, demand-
ing more individualized and “relaxed” dietary restrictions in this context [87].

Regarding nutritional requirements for older patients, there are some directions 
stated by the guidelines: according to Kidney Disease Outcomes Quality Initiative 
(KDOQI) guideline, the recommended energy intake for patients ≥60 years of age 
undergoing maintenance HD is 30 kcal/kg/day [30]. The protein requirements are 
not differentiated with regard to age by the renal nutritional guidelines for dialysis, 
which recommend a higher protein intake for all adults, ranging from 1.1 to 1.4 g/
kg/day [89–93].

�Individualized Physical Activity

Maintenance HD patients display reduced levels of daily physical activity, and this 
is associated with poorer physical performance [94] and lower survival rates [95]. 
Since physical inactivity is part of the definition of frailty, interventions that increase 
activity have the potential to attenuate frailty. Recognized as a feasible measure of 
treatment, exercise intervention counteracts muscle-wasting in CKD patients and 
can be implemented safely in the ESRD population [96, 97]. Numerous studies have 
shown that regular exercise has a positive impact on physical and mental compo-
nent, QoL, and survival [98, 99]. Both aerobic and resistance exercise interventions, 
administered in the dialysis facility (intradialytic) or outside of dialysis (interdia-
lytic), have the potential to improve physical performance, cognitive function and 
even contribute to a better quality of social interaction [100].

The concept of geriatric rehabilitation in the dialysis population involves a thera-
peutic intervention whose purpose is to restore functional ability or enhance resid-
ual functional capability in those with disabling impairments [101]. Within a 
rehabilitative framework, physical rehabilitation plays a major role, but psychoso-
cial intervention, cognitive rehabilitation, and environmental modification are also 
important [102]. For frail older adults on dialysis, the exercise demands must be 
lowered and such an intervention may seem more difficult to implement. If there is 
appropriate consideration of the individual patient’s medical condition and func-
tional needs, it is conceivable that increasing physical activity in this special popula-
tion may improve frailty. In rehabilitation models for geriatric dialysis population, 
the concept of interdisciplinarity is mandatory, requiring a team including doctors, 
nurses, physiotherapists, psychologists, and dieticians [102]. A large study of inpa-
tient rehabilitation for HD patients [103] included 164 individuals with a mean age 
of 74.5  years, with functional limitations (new-onset disability from prolonged 
illness or an acute event rendering them incapable of living independently). The 
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management strategy included physical and/or cognitive exercises performed twice 
a day and lasting from 30 to 60 minutes per session, short daily dialysis sessions 
(2 hours 6 times weekly) in order to limit interference with rehabilitation sessions 
and liberalized renal diets to improve nutritional balance and participation; after a 
median of 48.5 days, a substantial proportion of patients (69%) achieved meaning-
ful improvement in functional independence scores and could be discharged to their 
homes, proving the feasibility of an integrated dialysis rehabilitation service [103].

Other rehabilitation models include home-based programs (with risk of lower 
adherence rates) or targeted interventions to reduce the risk of falls (by amplifying 
patient’s awareness, staff education, implementation of fall risk assessment tools, 
and simple environmental modifications) [104]. A 14-week intradialytic training 
program can induce significant improvements on physical performance. However, 
the rate of clinically meaningful responders is low and the level of responsiveness 
depends on baseline physical status, highlighting the need to individualize exercise 
prescription [105].

�How to Approach an Older, Frail PD Patient

�Assisted PD

Since there is more frailty status and comorbidities in older dialysis patients, they 
usually suffer from cognitive impairment, vision impairment, deafness, and/or lim-
ited mobility, which are all conditions that affect the ideal operating framework for 
applying PD. Hence, frail PD patients usually need the assisted modality [61, 63, 
68, 77]. In addition, data from registries show that older patients who choose 
assisted PD have longer survival time compared to those patients who perform self-
dialysis [45], and even the risk of peritonitis seems to be lower in older individuals 
dialyzed by assisted modality compared to young adults on self-peritoneal dialysis 
[106, 107]. However, it should be taken into account that even though training frail 
older individuals in the PD technique can take more time compared to the young 
adult, this does not mean that they cannot perform their own peritoneal dialysis 
[61, 68].

�Residual Diuresis

Non-conventional dialytic modalities (incremental, functional, or palliative dialy-
sis), which are explained in detail at the end of this chapter, are usually less stressful 
in frail older dialysis patients since they imply shorter time or lower speed pump 
HD sessions, or lower dialysis volumes and/or exchange number in PD. However, 
these modalities can be better applied if patient’s residual diuresis is preserved. In 
this sense, PD allows greater conservation of residual renal function compared to 
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HD. This advantage has been attributed to the significantly lower ischemic kidney 
damage induced by the PD [61, 76].

�Dialytic Adequacy in Frail Older Patients

Early dialysis initiation (GFR: 10 ml/min/1.73 m2) in very old patients was found to 
be associated with greater rate of mortality and hospitalization. However, other 
studies documented that survival was reduced in patients starting dialysis at GFR: 
6 ml/min/1.73 m2, compared with those patients starting dialysis earlier. Perhaps, 
these different findings could reflect differences in their frailty status among the 
studied groups. Even though how dialysis initiation affects frailty is not fully under-
stood yet, it appears that neither frailty status nor disability improved after starting 
dialysis [18].

Although dialysis seems to prolong longevity in older individuals compared to 
conservative treatment, it does not in the sickest older patients. Some authors have 
reported a loss of independence in very old end-stage renal disease patients who 
started dialysis, observing that many patients deteriorate their functional state at 
3  months from the beginning of the treatment, becoming frailer and sarcopenic, 
since they have fewer activities which are limited by the time spent on dialysis and 
their post-dialysis fatigue. In these cases, conservative treatment could be a better 
therapeutic alternative. In addition, an association between frailty status and 
increased GFR at starting dialysis is documented, phenomenon which could be 
explained on one hand, because signs and symptoms of frailty could be assumed as 
secondary to uremia, leading to an earlier onset of dialysis. On the other hand, GFR 
could be overestimated in these patients since their creatininemia is relatively lower 
because of their sarcopenia. Thus, in order to determine the best time to initiate 
dialysis, it would be important to consider factors other than the nephrological ones 
(GFR, electrolyte levels, etc.), and frailty status should also be included in this 
assessment. When dialysis seems to be a beneficial therapeutic alternative in this 
population, a GFR between 7 and 9 ml/min/1.73 m2 could be an adequate time for 
starting dialysis in clinical and laboratory stable end-stage renal disease oldest old 
patients [108]. Regarding which would be the best dialytic modality for older peo-
ple, many reports showed a reasonable survival on HD or PD. However, it is worth 
mentioning that most of octogenarians end-stage renal disease patients opt for renal 
replacement treatment when dialysis is deemed appropriate by their nephrologists. 
Consequently, these older patients usually rely their treatment decisions more on 
their health care team, having the risk that the modality favored by their nephrolo-
gists will become their treatment of choice [8]. Since frail individuals are highly 
prevalent among this aged group, and around 60% of them require some sort of 
assistance, home assisted dialysis (PD or HD) appears to be an adequate dialytic 
option for them. Very old patients who are not able for self-care can be supported 
through assisted dialysis, mainly assisted PD, where trained caregivers provide 
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daily dialysis assistance either in a nursing home or at the patient’s home [61, 68]. 
Kurella Tamura et al. examined the effect of dialysis initiation on functional status, 
measured by the degree of dependence in activities of daily living; 12 months after 
starting chronic dialysis, 58% of these patients had died and their predialysis 
functional status had been maintained in only 13% of them, thus finding that dialysis 
initiation was associated with an abrupt decline in patients´ functional status [18]. 
In addition, other authors also documented a loss of independent function 1 year 
after initiation of long-term dialysis in oldest old end-stage renal disease patients 
who suffered from multiple conditions. At dialysis initiation, 78% of the older 
patients were independent but 1 year later this percentage dropped to 23%. Moreover, 
within the first 6  months of dialysis treatment, more than 30% of patients had 
functional loss consequently requiring community or private caregiver support, or 
to be transfer to a nursing home [18].

Because of the above exposed concepts, the dialysis scheme prescribed to older 
end-stage renal disease patients should be particularly individualized, taking into 
account not only their age (old or very old) but also their degree of frailty status 
(robustness-fragility-terminality). For this reason, four dialysis schemes applicable 
to the older patient have been proposed based on their functional status and survival 
prognosis, as follows [45]: conventional dialysis, incremental dialysis, functional 
dialysis, and palliative dialysis.

	1.	 Conventional dialysis: This prescription consists of the standard dialysis scheme, 
which seeks to achieve a weekly Kt / V ≥ 1.7 (in the case of PD), and it should 
be applied to robust oliguric-anuric older patients.

	2.	 Incremental dialysis: This prescription consists of a modality that adjusts the 
dialysis dose in respect to the patient’s residual renal function (RRF) in order to 
achieve an adequate dialysis dose (weekly Kt / V ≥ 1.7). The incremental dialysis 
can be applied to robust or vulnerable (pre-fragile) older patients who have a 
significant volume of residual diuresis. It is worth mentioning that the incremen-
tal PD allows older patients to use low dialysate exchange volumes, avoiding the 
appearance of hernias and/or leakage in this age group. Regarding the incremen-
tal HD, this method allows older patients to avoid long dialysis sessions and as a 
consequence serious complications, such as intradialytic hypotension, arrhyth-
mias, abdominal ischemia, and/or angor.

	3.	 Functional dialysis: This prescription consists of a dialysis scheme that manages 
to provide a minimally useful dialysis dose, although this does not necessarily 
reach an optimal Kt / V value, but that allows the patient to have acceptable labo-
ratory parameters, as well as maintain his/her clinical functionality, which should 
be periodically evaluated by validated clinical geriatrics tests (such as walking 
speed, etc.). In this modality, the residual diuresis (if preserved) is taken into 
account, and dialysis adequacy parameters other than Kt / V (absence of edema, 
appetite, uremia values, natremia, serum potassium, etc.) are mainly used to 
guide the dialysis prescription. Functional dialysis would be applicable to frail 
older patients whose vital prognosis is not determined by their kidney disease, 
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but their state of fragility, and have not tolerated conventional or incremental 
dialytic strategies. In this sense, even though conventional dialysis suggests that 
anuric patients on PD with daily ultrafiltration ≤750 ml should be monitored and 
eventually changed to HD, this recommendation does not seem to apply to very 
old patients, who usually have a low intake of food and fluid, and therefore this 
cut-off volume value could be excessive in this age subgroup [109–111].

	4.	 Palliative dialysis: This prescription consists of a dialytic strategy that only seeks 
to relieve uremic symptoms and volume overload, without taking into account 
laboratory parameters or the Kt/V value. Palliative dialysis should be prescribed 
in a lucid terminal patient, in a state of anuria or oliguria, who has chosen to 
receive classic palliative treatment without suspending dialysis.

For all these dialysis schemes, the decision of whether to opt for the manual or 
automated modality depends on the dialysis plan designed by the nephrologist in 
accordance with the patient’s preference. In Fig. 12.1, an algorithm of how each of 
these dialysis strategies could be applied in the older patient is proposed. However, 
it should be taken into account that since this algorithm is simply a guideline, it 
should be reconciled with the patient’s will (autonomy) and his/her clinical, family, 
and social situation (individualized treatment).
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Fig. 12.1  Suggested dialysis prescription algorithm based on frailty evaluation
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Chapter 13
Frailty in Kidney Transplantation

Candela Conti, Dana M. Mysler, Gabriel Echeverri, and Kristian Heldal

�Introduction

Age per se is an unreliable marker of senescence (pathological aging), and conse-
quently, frailty status assessment has become a crucial marker for distinguishing 
between normal aging and senescence [1, 2]. Frailty is a syndrome characterized by 
the inability of the organism to respond efficiently to stressors (reduced homeosta-
sis) and represents a chronic inflammatory status which leads to an altered immune 
response, neuroendocrine changes, and cognitive impairment [1, 3–14].

Kidney transplantation (KT) is regarded as the optimal alternative treatment for 
end-stage renal disease (ESRD) patients [3, 14, 15], and among the recognized fac-
tors related to renal graft deterioration, is the graft senescence itself [16, 17]. KT 
recovery is potentially challenging for vulnerable recipients, since during this 
period, recipients are at high risk of complications following acute rejection epi-
sodes in addition to postsurgical complications [14, 15, 18, 19].

KT patients who are classified as frail (young or old) seem to have higher risk of 
developing graft inflammation, a situation that can lead to poor outcomes. Moreover, 
frailty could lead to adverse health outcomes through behavioral and medical care 
changes affected by poor cognitive function [20].

Therefore, determining the severity of frailty in KT candidates and recipients can 
help physicians to better address decision-making in this population [1–14, 20–24].
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�Waitlist and Frailty

It is well documented that the waitlist mortality is almost twice as high among frail 
KT candidates compared with their robust peers. At 3 years on the waiting list, the 
cumulative mortality rate was 18% versus 10%, and at 5 years the cumulative mor-
tality rate had increased to 33% versus 18% [4]. In addition, an association between 
frailty, markers of inflammation, and mortality has been documented, showing that 
inflammation markers, particularly IL-6, improve mortality risk prediction among 
ESRD patients on the KT waitlist [1, 8, 12, 25, 26].

KT is associated with better survival relative to dialysis even among high-risk 
subgroups (e.g., older, etc.) [27–29]. However, transplant centers may preferentially 
select the most resilient candidates for waitlisting, since individuals with physical or 
cognitive impairment are thought to suffer from more complications after transplant 
surgery and immunosuppression and also have a higher risk of medication nonad-
herence [3].

Frail patients are less likely to be listed for kidney transplantation, and they have 
also been shown to have higher waitlist mortality and consequently lower transplant 
rate compared to non-frail patients [4, 18]. This phenomenon could be explained by 
the longer time to evaluate frail patients for transplantation, their higher degree of 
comorbidities, higher age, and longer waiting time for deceased kidney transplanta-
tion [18].

It is though important to remember that frailty is a potentially modifiable risk 
factor and that improvement of frailty status through prehabilitation may increase 
patient access to KT and thereby improve their outcomes [4, 18, 22, 30].

�Kidney Transplantation Frail Patients

Both normal aging and senescence affect the immune response, a phenomenon 
which can be related to higher rates of infections and malignancies with increasing 
age. In normal aging, the pro-inflammatory cytokine IL-6 has been detected at very 
low levels, while high levels of IL-6 have been associated with senescence and with 
several chronic diseases associated to aging. Specific immune changes are charac-
teristic for frailty, such as higher amounts of CD8+ cells and CD8+ CD28− lym-
phocytes and a lower CD4+:CD8+ ratio compared to robust older individuals. 
Moreover, frail patients often show increased numbers of T cells which express the 
chemokine CCR5, a chemokine receptor which correlates with the frailty degree. 
Increased inflammatory cytokine levels in frail patients have been associated with 
delayed graft function (DGF) in KT [1].

Frailty is found in up to 20% of KT recipients of all ages, and it has been associ-
ated with an increased risk of adverse postoperative outcomes: delirium, delayed 
graft function (DGF), increased length of hospital stay, early hospital readmission, 
mycophenolate mofetil (MMF) intolerance, and higher mortality [1, 3–5, 20–22, 31]. 
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Both frailty and DGF have been linked to a pro-inflammatory state associated with 
overexpression of several inflammatory cytokines. The risk of DGF has been found 
to be twice as high in frail KT recipients compared to their robust peers [13, 14, 32]. 
Moreover, frailty has been identified as a robust predictor of 30-day postoperative 
complications independent of age [1, 3–5, 20–22, 31].

Studies have reported that even patients with limited functional status may live 
longer with KT compared to dialysis, and it is likely that many frail and cognitively 
impaired patients would also live longer if they were transplanted. Future studies 
should investigate whether prehabilitation of frail patients will improve the out-
comes after transplantation and also evaluate if it is possible to improve adherence 
by use of directed support to some patients. The most important contribution to 
improvement of outcomes will however be an introduction of a reliable tool with a 
defined cutoff value that can be used in selection of patients ensuring that each 
patient is provided the best treatment option [3, 4].

�Kidney Transplantation Frail Patients: Frailty Evaluation

Since functional deterioration is gradual, frailty trends could be identified by ana-
lyzing trajectory curves similar to growth curves used by pediatricians. In early 
stages of frailty, patients may benefit from an intervention aiming to improve the 
patient’s frailty status (window opportunity), while rehabilitation may not be effi-
cient among patients with higher degree of frailty [3]. Staging of frailty could con-
sequently serve as an important tool in the decision of when to prescribe physical 
rehabilitation to try to turn a vulnerable (pre-frail) patient into a robust one.

Frailty staging is usually performed by using the following alternative categori-
zations [30, 33–36]:

	(a)	 Binary score: frail or robust
	(b)	 Tertiary score: frail, intermediately frail, or robust

In a recent study, Chu et al. found that among KT candidates who were catego-
rized by applying the binary frailty score classification, 7% remained frail, 74% 
remained robust, 10% transitioned from frail to robust, and 9% transitioned from 
robust to frail, while among KT candidates who were categorized by applying the 
tertiary frailty score classification, 22% became frailer, 25% became less frail, and 
7% remained frail, 10% intermediate frail, and 36% robust. In addition, with each 
year on dialysis, candidates were less likely to transition from frail to robust, and 
patients with diabetes mellitus had a higher risk of remaining frail. For three-cate-
gory frailty score, those candidates who became more frail between evaluation and 
KT had a 2.27-fold higher risk of post-KT mortality compared to individuals who 
remained stable. Besides, among patients who had increased frailty score, the risk 
of mortality was 2.36-fold higher than for those who remained stable. Therefore, 
this study demonstrated that frailty is a subject to change while KT candidates are 
on the waitlist. Thus, KT candidates became more or less frail between evaluation 
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and KT regardless of the frailty score used, and consequently serial measurements 
of frailty may be justified while patients are on the waiting list [5].

The cognitive function of transplant candidates has been studied by applying the 
Montreal Cognitive Assessment (MoCA), a brief 30-question cognitive test devel-
oped for evaluation of dementia. KT candidates with low MoCA had longer median 
time to listing than those with higher scores, but this association was attenuated 
after multivariable adjustment [3, 20].

Regarding frailty evaluation after kidney transplantation, it is documented that 
independent of recipient age, with increasing time after KT, the proportion of KT 
recipients who were less frail increased, whereas the proportion of patients who 
were more frail than at the time of KT was reduced. Frailty scores were initially 
worsened after KT, but already at 3 months after KT, the scores were better than 
they were at the time of KT. It has been proposed that frailty initially worsened, 
because of the surgical procedure and immunosuppressive treatment, but then 
improved, presumably because of the restoration of renal function, supporting 
transplantation in these individuals and suggesting that pretransplantation frailty is 
not an irreversible status [15].

It is worth mentioning that KT frail recipients are usually older compared to 
robust recipients, and they are more likely than robust KT recipients to present with 
depression, disabilities, and poor HRQOL.  However, the proportion of KT frail 
recipients who experienced rejection within 1 year posttransplant does not differ 
from that of robust recipients [20].

�Kidney Transplantation Frail Patients: 
Clinical Characteristics

Studies using the Fried frailty phenotype indicate that frail and vulnerable patients 
with ESRD and solid organ transplant recipients have inferior clinical outcomes 
[37–39]. The most common comorbidities, such as diabetes mellitus and congestive 
heart failure, have synergistic effect of the frailty burden. However, in frail wait-
listed patients, frailty by itself is considered to be a greater risk factor for mortality 
than other comorbid conditions [21].

Cognitive impairment is highly prevalent among older patients with CKD, and 
the prevalence of cognitive decline in ESRD varies between 16% and 38%. Besides, 
chronic inflammation, anemia, and hypertension related to ESRD have all been 
associated with development of cognitive dysfunction. In this sense, it has been 
documented that both frail and robust kidney graft recipients experienced short-
term improvements in cognitive function posttransplantation [1]. However, between 
1 and 4 years posttransplant, robust recipients maintained higher levels of cognitive 
function, while frail recipients experienced cognitive decline [20].

It has been reported that about 10% of KT recipients had depression, 16% were 
frail, and 4% exhibited both frailty and depressive symptoms. Depressive patients had 
a 3.97-fold higher likelihood of suffering from frailty phenotype. Moreover, KT frail 
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recipients who suffered from depression experience a 6.20-fold increased risk of DGF 
and a 2.62-fold increased risk of mortality, compared to robust KT recipients without 
depression [6]. However, the synergistic effect of frailty and depressive symptoms 
only impacted short-term outcomes, but did not have a synergistic long-term effect [6].

Early hospital readmission (EHR), defined as rehospitalization within 30 days of 
initial post-KT discharge, has been associated with avoidable morbidity, increased 
cost, and transition of care problems. EHR has become a significant metric for hos-
pital quality. Almost one-third of KT recipients are readmitted to the hospital within 
30 days of discharge. Researchers found that frailty was independently associated 
with EHR, and did not differ based on age or ethnicity [32, 40]. Additionally, poly-
pharmacy has been identified as a risk factor for adverse drug reactions and 
unplanned hospital readmission, and frailty has been linked to a higher risk of 
adverse drug reactions. Therefore, if frail patients are approved for KT, a polyphar-
macy reduction may be beneficial [1].

�Kidney Transplantation Frail Patients: Health-Related 
Quality of Life

Health-related quality of life (HRQOL) is an important marker of patient’s disease 
burden and treatment effectiveness. Poor HRQOL is associated with increased risks of 
hospitalizations, graft failure, and mortality in KT patients. It has been demonstrated 
that frail ESRD patients are more than twice as likely to experience a decline in 
HRQOL while awaiting KT, resulting in worse HRQOL compared to robust peers. 
Moreover, particular entities, such as sarcopenia and diabetes mellitus, are character-
istically associated with worse physical HRQOL after KT. However, KT frail recipi-
ents had worse physical and kidney disease-specific HRQOL prior to KT, but they had 
a greater rate of improvement in the first 3 months post-KT compared with their robust 
peers. It is possible that while KT frail recipients experience the greatest decline in 
HRQOL while undergoing the stressor of dialysis, renal function restoration through 
KT improved their HRQOL even if they experienced EHR or DGF. Conversely, there 
were no differences in mental HRQOL or changes in mental HRQOL at KT by frailty 
status [41]. These findings highlight that even a high-risk group like KT frail recipients 
can experience the benefit of improved HRQOL with KT [41, 42].

�Kidney Transplantation Frail Patients: Physical Performance 
and Sarcopenia

Frailty and physical performance have been shown to be independently associated 
with increased mortality after KT [18]. Physical performance can be investigated by 
standardized, objective tools as the short physical performance battery (SPPB) [43]. 
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Standardized measurement of psoas muscle volume in CT scans as an expression of 
sarcopenia has been described to be an independent predictor of mortality and major 
morbidity after heart, lung, and liver transplantation [44–46]. A similar association 
has to our knowledge so far not been described in KT, but it is reasonable to believe 
that it also exists in this population. Since an abdominal CT scan is often used as a 
regular part of the evaluation of KT candidates, it would be feasible if one could use 
automated measurements of psoas muscle volume in the risk stratification process.

�Kidney Transplantation Frail Patients: 
Therapeutic Particularities

Immunosuppression after KT represents a major stressor to recipients, and it is pos-
sible that KT frail patients do not have the resiliency to withstand standard doses of 
immunosuppressants and consequently require a dose reduction or discontinuation. 
However, those patients who require a dose reduction are at increased risk of acute 
rejection and graft loss [11]. Acute rejection has also been found to be associated 
with increased mortality in KT recipients older than 70 years [19]. The prevalence 
of MMF dose reduction was 1.3 times greater for those patients who were classified 
as frail compared to those who were robust. This association between frailty and 
MMF dose reduction was neither modified by age, donor type, sex, nor race [11].

Regarding frailty treatment, multiple interventions have been proposed (e.g., 
exercise training, hormonal replacement, etc.) to increase maximal oxygen uptake 
and improve muscle strength in frail older individuals. Several studies have demon-
strated improved gait speed, balance, and functional outcomes with structured phys-
ical activity programs. In addition, improving nutrition represents an additional 
supportive treatment approach, and studies have shown a beneficial effect on the 
progress of sarcopenia with an augmented protein intake, while applying nutritional 
guidelines and nutritional supplements may represent helpful interventions in frail 
patients before surgery [1, 47].

�Conclusion

Even though KT frail recipients are high-risk candidates compared to robust peers, 
they can improve their frailty status with prehabilitation before surgery and thereby 
also improve their clinical outcomes after transplantation. Therefore, frailty assess-
ment should be performed in KT candidates for their optimal medical assistance. 
Future research should aim to establish cutoff values for frailty scores that can be 
implemented in the selection criteria for KT ensuring that the individual patient 
receives the best available treatment and that donor organs are utilized in an 
optimal way.
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Chapter 14
Chronic Kidney Disease Continuous Care 
(Supportive and Conservative Treatment)

Carlos Zuñiga-San Martin

�Introduction

Chronic kidney disease (CKD) is a public health problem that is increasing in preva-
lence and incidence worldwide [1–8]. The prevalence is currently estimated at 11% 
and 13% of the world’s general population [9] which is variable according to socio-
economic level and ethnicity among other health determinants [10].

Early diagnosis and opportune treatment are especially important in the disease 
course as both can slow down or stop the disease from progressing to advanced 
stages, prevent complications, and reduce the number of associated cardiovascular 
events [6, 7].

Most people who reach end-stage kidney disease (ESKD) with renal replace-
ment requirement are treated primarily with hemodialysis, peritoneal dialysis, and 
transplantation. The 5-year survival of people with CKD on dialysis is between 13% 
and 60% lower than people in the general population of similar ages [10].

Although dialysis therapy improves some symptoms and patient’s survival, it 
does not cure the disease, has associated morbidity and mortality, and negatively 
affects the quality of life (QoL) of patients and their families. Moreover, it also has 
a high cost [6–8, 11–17].

In this context, finding treatment models that address all the needs of patients 
with ESKD who require opportune biopsychosocial and spiritual evaluations and 
optimizing the access to multidisciplinary health team are not only necessary but 
imperative. Accordingly, palliative medicine principles have been proposed as a 
model to comprehensively address the patient with ESKD [16–19].
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There is agreement in the nephrological community that renal conservative/pal-
liative care improves symptoms and QoL in patients with CKD [18, 19]. In this 
chapter, we will review the relevance of including palliative care in nephrology and 
especially its role in comprehensive conservative care (non-dialytic treatment). This 
is an option for people with advanced CKD who, due to their deteriorated clinical 
condition or personal decision decide not to enter or to withdraw from dialysis 
therapy. Supportive and Conservative Care based on the principles of palliative 
medicine offers tremendous value not just to patients with CKD, families, and clini-
cians but also to all health system [18, 19].

�Chronic Kidney Disease: Generalities

CKD is the alteration of renal function and/or structure produced by a heteroge-
neous group of diseases or conditions that affect different renal structures (glomeru-
lar, interstitial, or vascular compartment). Its evolution is generally irreversible and 
progressive in months or years toward the stage of advanced insufficiency where 
substitution therapies (dialysis or renal transplantation) are required [20].

The speed of progression is determined by multiple factors such as the cause of 
CKD, blood pressure control, proteinuria level, age, adherence and access to diag-
nosis and timely treatment, etc.

The main diseases that are susceptible and at high risk of developing CKD are 
diabetes mellitus, hypertension, obesity, and cardiovascular disease. It is well estab-
lished that proper management and treatment of hypertension and diabetes mellitus 
are effective in slowing CKD progression and associated cardiovascular disease 
(CVD) risks, but unfortunately adverse outcomes for patients with CKD remain high.

The CKD diagnosis is made with at least one of the following criteria [8, 20]:

•	 Glomerular filtration rate (GFR) <60 mL/min/1.73 m2. GFR can be estimated by 
serum creatinine level and GFR equations, such as MDRD-4 (Modification of 
Diet in Renal Disease) or CKD-EPI (Chronic Kidney Disease Epidemiology 
Collaboration).

•	 Renal damage is defined by the presence of:

–– Moderate/severe albuminuria (albumin/creatinine ratio (RAC) ≥30 mg/g)
–– Alterations of urine sediment, e.g., hematuria, blood cylinders
–– Electrolyte alterations or other alterations of tubular origin
–– Structural abnormalities (by ultrasound imaging, X-rays, magnetic resonance 

imaging)
–– Histological alterations (renal biopsy)
–– History of renal transplantation

CKD is classified into five stages [20] Table 14.1.
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In general, the current treatment of CKD is based on reducing noxas or condi-
tions that cause damage to renal function and/or structure (diabetes mellitus, auto-
immune diseases, vasculitis, glomerulopathies, among others) and, on the other 
hand, controling factors that induce progression (proteinuria, high blood pressure, 
hyperfiltration, acidosis, hyperuricemia, etc.).

In stage 5 of CKD, when kidney function is insufficient to conserving the vital 
requirements of the internal environment, the person affected by the disease must 
decide for one of the treatment options: renal replacement (hemo/peritoneal dialysis 
and renal transplantation) or comprehensive conservative care.

�Frailty and Integrated ESKD Care

�Renal Palliative Care

Palliative care was defined by the World Health Organization (WHO) as “compre-
hensive and interdisciplinary care, aimed at improving the QoL of the patient facing 
a life-threatening disease, through the prevention and relief of suffering” [17]. It 
includes the timely and adequate treatment of pain and other physical symptoms, 

CKD STAGES- KDIGO 2012

STAGES

1 ≥90

2 60-89

3a 45-59

3b 30-44

4 15-29

5 <15

Kidney damage with
normal or high GFR

Kidney damage with
Mildly decreased GFR

Mildly to moderately
decreased

Moderately to severely
decreased

Severely decreased

Kidney failure

GFR (ml/min 1.73 m2) DESCRPTION

Table 14.1  CKD stages-KDIGO 2012 [20]
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along with the psychosocial and spiritual support of the patient and his family. In its 
definition, WHO considers the process of dying as a natural occurrence, affirms and 
promotes life, and does not intend to lengthen it unnecessarily or shorten it specifi-
cally, but to promote its quality. This perspective is applicable in any of the stages 
of the disease, from diagnosis until death [17].

Palliative care aims are:

•	 Support the patient and/or family with or at risk of developing a life-threatening 
(acute or chronic) condition:

–– Due to diagnosis
–– With any prognosis
–– Regardless of age
–– At any stage. Not only at the end of life

•	 Do not rush death or postpone it.
•	 Treat pain and associated symptoms (timely and adequate).
•	 Strengthen continuous care with multidisciplinary teams.
•	 Complement and potentiate curative therapy or work as a main treatment.

Why is palliative care applicable to patients with advanced CKD?
In patients with ESKD, physical and emotional symptoms are of high preva-

lence, and the number and intensity of symptoms is comparable to that reported by 
patients with cancer or AIDS [11–15]. Dialysis improves survival but not necessar-
ily what the person considers quality of life. The comorbidities associated with 
CKD such as diabetes mellitus and cardiovascular disease are also progressive and 
contribute to the greater deterioration of the quality of life.

In addition, patients who access dialysis live the paradox of benefiting from these 
extraordinary advances in modern medicine and at the same time live their limita-
tions. While dialysis helps them to sustain life by replacing nonfunctioning kidneys, 
the underlying systemic disease, such as diabetes mellitus, continues to progress, 
with neurological, motor sensory, visual, and QoL impairment. Dialysis therapy 
does not address the psychosocial, emotional, and spiritual aspects associated with 
the disease or treatment and the unfavorable impact on the QoL of people and their 
families.

Furthermore, the current profile of people entering dialysis has changed in recent 
years, with access to more older patients with two or three diseases associated with 
CKD such as diabetes mellitus, coronary heart disease, hypertension, heart failure, 
peripheral vascular disease, and cerebrovascular disease [1–6]. The current demo-
graphic trend of population aging and morbidity in many countries suggests that in 
the coming years, the number of geriatric patients with associated chronic and 
degenerative diseases will increase, as well as patients on dialysis treatment [1–6].

The progressive disability of patients with advanced CKD associated with the 
high burden of bio-psycho-emotional symptoms requires constant evaluation of 
their impact on QoL and timely interventions with multidisciplinary teams under 
the premises of the continuous palliative care model. The above requires a compre-
hensive therapeutic approach based on the incorporation of other professionals in 
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the nephrology/dialysis units, such as social workers, psychologists, nutritionists, 
and kinesiologists, who support and contribute to the achievement of a better QoL 
for patients.

Considering the high burden of symptoms and psychosocial impact associated 
with the disease that affect people with CKD, it justifies the incorporation of a care 
model based on the principles of palliative medicine, whose main objective is to 
improve the QoL, in the comprehensive care of the renal patient, from diagnosis to 
advanced stages of the disease [15–19].

In cancer patients, supportive/palliative care has been traditionally applied in the 
last 6 months of life, because in that period the person suffers most of the ailments 
and aches associated to the disease. On the contrary, the QoL of patients with CKD 
is affected at an early stage, and its evolution is more heterogeneous and prolonged. 
Before reaching the ESRD, patients most frequently suffer from pain, asthenia, pru-
ritus, dyspnea, anorexia, depressive symptoms, and insomnia [12–16]. Progressive 
disability and high burden of symptoms would require supportive/palliative care for 
a long time and usually long before the last year of life. In Table 14.2, you will find 
some support/palliative care issues closely related to nephrology and analysis, 
which have already been addressed in multiple specialty publications [16–19].

Which is the impact of quality of life on morbidity and mortality in CKD 
patients?

The published evidence indicates that there would be a close relationship between 
the QoL and the morbidity and mortality associated with the disease [21, 22]. 
Patients with CKD who report better QoL have fewer hospitalizations, lower mor-
bidity and mortality, and greater adherence to treatment [21, 22]. Particularly, as we 
will see later, spirituality is an important component of the QoL construct, and 
therefore spiritual suffering would also affect clinical evolution [23] (Fig. 14.1).

Unfortunately, few people understand what renal palliative care is. Patients with 
CKD, family members, and the renal health team link the term “palliative care” with 
death, hospice, or end-of-life care, and some believe it should be offered only at the 
end of the disease, when there are no more dialysis therapies available.

Table 14.2  Palliative care topics in nephrology/dialysis

Pain management, sleep disorders, and sexual dysfunction associated with chronic kidney 
disease
Diagnosis and treatment of depression in dialysis
Ethical dilemmas associated with dialysis (not to start or withdrawal dialysis treatment)
Palliative care in pediatric nephrology and dialysis
Physical rehabilitation in dialysis
QoL evaluation in dialysis
Comprehensive conservative care of the renal patient at the end of life
Psychosocial and spiritual support to patients, family members, and caregivers
Self-care and QoL in health professionals
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How care is  currently being incorporated into the treatment of ESKD 
patients?

The current state of knowledge related to palliative care in advanced CKD 
patients, including those on dialysis, was agreed at the KDIGO Controversies 
Conference in 2012. An international group of multidisciplinary experts in CKD, 
palliative care, methodology, economics, and education identified the key issues 
related to palliative care in this population [18]. After that, in March 2018 the 
International Society of Nephrology (ISN) organized the 2nd Global Kidney Health 
Summit in United Arab Emirates. The purpose of the meeting was to develop a 
Integrated ESKD Care program to improve worldwide access to kidney replace-
ment therapy (KRT) (i.e., dialysis or kidney transplantation) and non-KRT conser-
vative care. A key component of treatment for all people with advanced kidney 
disease is supportive care, which aims to improve quality of life and can be provided 
alongside therapies intended to prolong life, such as dialysis. It incorporates the 
principles of palliative medicine in the care of patients with advanced CKD, pro-
moting a comprehensive and continuous care [19].

What are Supportive care and Comprehensive Conservative care (Non-
dialytic Treatment)?

Integrated ESKD Care program consider two intervention for the care of patients 
with advanced CKD: supportive care and comprehensive conservative care (Fig. 14.2).

	A.	 Supportive care [18, 19, 24–26] involves services aimed at improving the QoL 
of patients with established CKD. It is based on the principles of palliative care, 
which is defined by the World Health Organization as an approach that improves 

Quality of life in CKD
Predictor of morbidity and mortality

BETTER
QUALITY
OF LIFE

Greater adherence to treatment
(Compliance)

Medications-Diet

LOWER MORBILITY
GREATER SURVIVAL

DEFICIENT
QUALITY OF LIFE

Determining factors:

Bio Psycho Social
Spiritual

Spiritual Distress

Existential

-
-

Fig. 14.1  Quality of life related to morbidity and mortality in advanced CKD patients
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the QoL of patients and their families facing problems associated with life-
threatening illness, through the prevention and relief of suffering by means of 
early identification and impeccable assessment and treatment of pain and other 
physical, psychosocial, and spiritual problems. Supportive care should be offered 
at each stage of the disease, not only at the ESRD, including information, educa-
tion, relief of pain and associated symptoms, nutritional support, and social and 
spiritual care.

	B.	 Comprehensive conservative care [18, 19, 24–26] can be an alternative to renal 
replacement therapies (RRT). The comprehensive conservative care is where 
conservative care is either chosen or medically advised.

What is Comprehensive Conservative Care (Non-dialytic Treatment)
This is planned, holistic, person-centered care that includes the following:

•	 Interventions to delay progression of kidney disease and minimize risk of 
adverse events

•	 Shared decision-making
•	 Active symptom management
•	 Detailed communication including advance care planning
•	 Psychological support
•	 Social and family support
•	 Cultural and spiritual domains of care

Of note, comprehensive conservative care does not include dialysis.
It is important to emphasize that comprehensive conservative care (non-dialytic 

treatment) is an option that does not mean denying dialysis or less abandoning the 
patient. It is an option that has its own rules and indications.

SUPPORTIVE CARE COMPREHENSIVE CONSERVATIVE CARE

Objective: Quality of life
It is based on WHO Palliative Care defintion and includes:
Prevention and relief of suffering, information, education,
relief of pain and associated symptoms, nutritional,
psychosocial and spiritual support.
It should be offered at each stage of the disease.

NON-DIALYTIC TREATMENT
Comprehensive, holistic and focused care in the
Person with advanced CKD.
Does not consider the dialysis option.

CKD stage G4 CKD stage G5 End Stage Kidney Disease Bereavement care
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Fig. 14.2  An overview of the contribution of supportive and comprehensive conservative care to 
overall care in end stage kidney disease. Modified from Harris et al. [19]
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Comprehensive conservative care is a new model of care for patients with 
advanced CKD that have emerged in different nephrology centers around the world. 
It is a new option considered as the fourth option after hemodialysis or peritoneal 
dialysis and transplant, and it is focused on comprehensive biopsychosocial care of 
the patient and his family [18–34].

This treatment option is indicated for patients with advanced CKD who also suf-
fer from other disabling comorbidities, where dialysis therapy does not offer better 
QoL expectancy, or it is contraindicated and at risk due to a deteriorated and irre-
versible clinical condition [27–31]. Examples of disabling diseases with limited 
benefit of chronic dialysis treatment are presented in Table 14.3.

Conservative treatment incorporates the model of palliative medicine in renal 
patient care, based on the fact that the central objectives of this model are to improve 
the QoL through comprehensive care of the biopsychosocial aspects and affective/
emotional and spiritual needs [24, 28, 29, 32].

Comprehensive conservative care does not replace dialysis when it is medically 
justified. It integrally addresses the patient with advanced CKD to optimize their 
QoL and alleviate the symptoms that limit it.

It is also an option for those patients and their legal representative who, once 
informed by the treatment team of the prognosis and the advantages/disadvantages 
of the different treatment options, express their willingness not to enter dialysis or 
to discontinue.

In practice, comprehensive conservative care consists of the monitoring and peri-
odic evaluation by the multidisciplinary team and the application of medical and 
nutritional protocols and interventions aimed at halting or slowing progression to 
more advanced stages, as well as addressing the diagnosis and timely treatment of 
symptoms that impact QoL in the advanced stages of CKD [31–34].

It is fundamental for the achievement of the proposed objectives to carry out a 
cooperative, integrated, and coordinated work with the multidisciplinary teams 
composed of renal health teams, palliativists, geriatricians, nutritionists, psychol-
ogists, social workers, physiatrists, and spiritual support [33, 34]. This will allow 
offering the best available options, especially in the stage of prostration and home 
care of patients who chose not to start or discontinue a dialysis therapy [27, 
30, 31].

Table 14.3  Invaliding diseases with limited benefit with chronic dialysis

Neurological diseases with severe and irreversible cognitive and motor sequelae
Advanced heart failure associated with myocardial infarction
Terminal renal disease not caused beyond therapeutic range
Older patient in a condition of irreversible fragility
Advanced dementia or severe psychiatric disorder (a condition that contraindicates and/or 
increases the risk of the dialysis procedure)
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�What Does It Include and Where It Is Done?

In the absence of resource constraints, Integrated ESKD care should ideally be 
available as an integrated mix of peritoneal/haemodialysis, transplantation, and 
comprehensive conservative care (non-dialytic treatment), and patients should be 
able to choose and transition between the different modalities [9]. The first step is 
the evaluation of the patient by the multidisciplinary team and then the options are 
offered and requests the corresponding informed consent to the patien and/or his 
legal representative.

In practice, the comprehensive conservative care consists of monitoring and peri-
odic evaluation (monthly or bimonthly) by the multidisciplinary team and the appli-
cation of medical protocols and interventions for the timely treatment of symptoms 
that impact the QoL in the advanced stages of CKD. It includes pain management, 
sleep disorders, depression, sexual dysfunction, containment, and psychosocial and 
spiritual support for patients and families.

This treatment option must be delivered in units attached to those of dialysis or 
nephrology since it is a therapeutic option that is offered to those patients with 
advanced CKD and therefore must be addressed by the nephrological health team [34].

�What Role Does the Spiritual Dimension Play in the Integral 
Care of Patients with Advanced CKD?

It is recognized that CKD imposes intense physical and psychosocial stress on the 
patient that defies his sense of life, his vision, and his expectation of the future. 
Occasionally, the spiritual/religious practice becomes the main pillar of support 
that the patient has to face and make sense of the suffering associated with the 
disease and treatment.

In this regard, there are already reports that study in patients with advanced CKD 
the spiritual/religious aspects of the patient and their association with QoL, psycho-
social impact, and adherence to treatment, which would be influenced indepen-
dently of the biomedical aspects of the disease and/or the type of treatment [35–41]. 
This dimension of the human being has been included in the definition of palliative 
care of the WHO and in the ISN Integrated ESKD Care program [18, 19].

The QoL is a construct, based on the perception of the person and the assess-
ment assigned to their physical, emotional, functional, social, and spiritual well-
being, after diagnosis and treatment. Considering that the spiritual/religious or 
existential dimension is one of the pillars of the definition, its evaluation and 
impact on the QoL of the chronic renal patient acquires relevance [23, 35–41] 
(Fig. 14.1).
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It has been reported in dialysis patients that spiritual well-being is associated 
with better quality and satisfaction of life, strengthens family/social support, 
decreases depressive symptomatology, generates greater adherence to treatment, 
and is associated with fewer hospitalizations and lower morbidity and mortality. On 
the contrary, a spiritual distress entails a poor QoL and negatively impacts evolution 
and medical outcomes [23, 35–41] (Fig. 14.1).

The manifestations of distress or spiritual suffering demonstrate itself in various 
ways. In particular, patients manifest hopelessness, absence of existential sense, or 
feelings of worthlessness and devaluation [23, 41].

Patients with advanced CKD have spiritual/existential needs that are usually not 
investigated and also not addressed. These needs would be independent of the age, 
time, and type of disease.

There are no predictors to anticipate those who provide spiritual support, and 
some questions or comments from patients with CKD described in Table 14.4 could 
be an alert of the need for support in the spiritual dimension [41]. Medical teams 
should familiarize themselves with them so that it is necessary to make a timely 
referral and/or intervention by professionals in charge of spiritual support and 
accompaniment. The extension and nature of the spiritual and existential issues thus 
validates the need to diversify the composition of the multidisciplinary teams for a 
comprehensive care of patients with advanced CKD.

The renal health teams might consider that addressing spiritual needs does not 
correspond to their competence, let alone solve such complex existential questions 
of the human being. However, this does not exempt them from maintaining a com-
passionate attitude toward their patient and being present, close, and available to 
recognize the spiritual/existential needs that could cause psychosocial distress and 
affect the acceptance of the disease and/or adaptation to treatment [23, 41]. This 
attitude, in addition to improving the medical team/patient relationship, allows 
other professionals with more experience to provide support in this area (psycholo-
gists, social workers, spiritual companions, etc.) when it is considered appropriate 
and in consensus with the patient.

The regular practice of activities related to spirituality/religiosity in patients with 
advanced CKD would be positively associated with better QoL, satisfaction with 
medical care, and psychosocial support [23, 35–41].

Table 14.4  Frequently asked 
questions or comments from 
patients would suggest need 
for support in the spiritual 
dimension

Why did this chronic kidney disease occur to me?
What is the meaning of suffering in this life connected to a 
dialysis machine?
What fault am I paying?
What did I do wrong to make this happen to me?
Has my life really been worth it?
If I die, who will take care of my loved ones?
If there is a God, why do you punish me with this suffering 
from dialysis?
Is there another life after this?
How can I relax and have peace on dialysis?

C. Zuñiga-San Martin



193

Also, the spiritual/existential well-being would contribute to the mental health of 
the person by attenuating the depressive and anxious symptoms that patients on 
dialysis frequently manifest. It also constitutes an important source of comfort and 
hope that strengthens and is synergistic with the support provided by family and 
social support networks [23–41]. These benefits would be independent of the age, 
comorbidities, and time of the disease.

Moreover, in the advanced stages of the disease and especially at the end of life, 
addressing the spiritual/religious or existential dimension could be as or more 
important than physical well-being, and it is imperative to consider in the planning 
of comprehensive care.

Spirituality is inherent in our human condition and therefore always needs to be 
assessed its level of well-being and intervene in a timely manner when required if 
we wish to grant comprehensive care and improve the QoL of our patients with 
advanced CKD.

�Ethical Considerations in the Decision to Enter or Not 
to Dialysis

The progressive increase in patients admitted to renal replacement therapies (RRT) 
raises multiple ethical challenges. Health teams must participate in the decision to 
enter, maintain, or suspend dialysis to patients in whom, due to their precarious state 
of mental health, multiple comorbidities, or poor QoL expectancy, it is not expected 
to obtain a greater benefit with the renal replacement therapies (RRT) [42–48]. 
Dialytic therapies like any medical treatment have indications and contraindica-
tions; therefore, the decision to enter or not, as well as when to start them or which 
one to use, should result from an informed and agreed choice between the patient, 
his medical team, and the family, opting for the best therapeutic alternative, includ-
ing conservative management [18, 19, 42–48]. It should always be kept in mind that 
RRTs can prolong life but not necessarily their quality and that not all patients ben-
efit from them.

Elderly people with multiple comorbidities, frailty, or important functional 
sequelae are those who most raise ethical challenges related to the decision to enter 
or leave dialysis [42–47]. An ethical challenge thus arises: whether or not to enter 
dialysis for patients with these characteristics? The question is justified by comparing 
the evolution and survival with those patients who, under the same limited clinical 
conditions, choose to receive only conservative treatment and not enter chronic dialy-
sis [18, 19, 27–32, 43–47]. In these people, the dialysis does not improve the symp-
tomatology, and on the contrary many times it accentuates the disabling symptoms, it 
deteriorates more its fragility, QoL and for some it does not even imply greater sur-
vival. The advantage of dialysis under these conditions would be substantially 
reduced by disabling comorbidities, and the option of conservative treatment would 
obtain equal survival and a better QoL for the patient and the family. Choosing to 
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enter or not dialysis, as well as when to start or which one to use, should always result 
from an informed and consensual choice between the patient, his medical team, and 
the family, include the option of comprehensive conservative care (non-dialytic treat-
ment) [18, 19, 43–47]. In this regard, it has been proposed to reconsider some criteria 
for admission to dialysis, based on multiple studies where it has been shown that 
elderly and fragile patients with a high number of disabling comorbidities obtain 
minimal benefits with dialysis treatment and for some it does not even imply greater 
survival [44–48]. (See Table 14.3: Diseases with limited benefit of chronic dialysis.). 
The added value that implies the timely and adequate delivery of information so in 
consensus with the patient and his family to opt for the best treatment is to guarantee 
due respect and consideration of the ethical principles of autonomy, beneficence, 
non-maleficence, and justice that are accepted as substantial in medical practice.

In summary, there is evidence that the QoL of patients with CKD especially in the 
advanced stages is affected by the high burden of physical symptoms and psychoso-
cial changes that negatively impact their lives and that of their families. Usually, 
patients report pain, asthenia, pruritus, dyspnea, anorexia, depressive symptoms, and 
insomnia with variable intensity and frequency. About it, the International Society of 
Nephrology proposed in 2018 a Integrated ESKD Care program. Based on the prin-
ciples of palliative medicine and participation of multidisciplinary teams, it recom-
mends a continuous and integral biopsychosocial and spiritual care of patients with 
CKD and includes support in the grieving process for family members. It includes 
the supportive care that comprehensively addresses the patient with established 
CKD to optimize their QoL and relieve the symptoms that limit it in any of its stages, 
with or without dialysis. It also incorporates comprehensive conservative care (non-
dialytic conservative treatment) as another treatment option along with hemodialy-
sis, peritoneal dialysis, and renal transplantation [18, 19]. Comprehensive 
conservative care is especially aimed at patients with advanced CKD who also suffer 
from other disabling comorbidities, where dialysis therapy does not offer better 
quality of life expectancy or is contraindicated and is at risk due to a deteriorated and 
irreversible clinical condition. They are continuous palliative support care focused 
on the sick person and their family. It is also an option for those patients and their 
legal representative who freely, once informed by the prognosis team of the advan-
tages/disadvantages of the different treatment options, express their willingness not 
to enter dialysis or discontinue if the patient is already using it [43, 46–48].
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