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Abstract To investigate the prevalence of frailty in a

Dutch elderly population and to identify adverse health

outcomes associated with the frailty phenotype indepen-

dent of the comorbidities. Cross-sectional and longitudinal

analyses within the Rotterdam Study (the Netherlands), a

prospective population-based cohort study in persons aged

C55 years. Frailty was defined as meeting three or more of

five established criteria for frailty, evaluating nutritional

status, physical activity, mobility, grip strength and

exhaustion. Intermediate frailty was defined as meeting one

or two frailty criteria. Comorbidities were objectively

measured. Health outcomes were assessed by means of

questionnaires, physical examinations and continuous fol-

low-up through general practitioners and municipal health

authorities for mortality. Of 2,833 participants (median age

74.0 years, inter quartile range 9) with sufficiently evalu-

ated frailty criteria, 163 (5.8 %) participants were frail and

1,454 (51.3 %) intermediate frail. Frail elderly were more

likely to be older and female, to have an impaired quality

of life and to have fallen or to have been hospitalized. 108

(72.0 %) frail participants had C2 comorbidities, compared

to 777 (54.4 %) intermediate frail and 522 (44.8 %) non-

frail participants. Adjusted for age, sex and comorbidities,

frail elderly had a significantly increased risk of dying

within 3 years (HR 3.4; 95 % CI 1.9–6.4), compared to the

non-frail elderly. This study in a general Dutch population

of community-dwelling elderly able to perform the frailty

tests, demonstrates that frailty is common and that frail

elderly are at increased risk of death independent of

comorbidities.
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Abbreviations

BMI Body mass index

CES-D Center for epidemiological studies depression

CI Confidence interval

COPD Chronic obstructive pulmonary disease

FEV1 Forced expiratory volume in 1 s

FVC Forced vital capacity

Hb Hemoglobin

HR Hazard ratio

IQR Inter quartile range

OR Odds ratio

QoL Quality of life

RS Rotterdam Study

WBC White blood cells

Introduction

Elderly people of the same chronological age demonstrate

that there is a large heterogeneity in terms of biological age

[1, 2]. Some are still fit and energetic while a relatively large

number of elderly people has an accelerated decline in well-

being and resilience [3]. Given the expanding elderly pop-

ulation and the major impact on health and social care, the

identification of this frail group of elderly, which could

benefit from more adequate interventions, becomes of

increasing interest [3]. Frailty is defined as a biological

syndrome in which a progressive, cumulative decline in the

reserve capacity of multiple physiological systems elicits an

abnormal vulnerability to common stressors [4]. In short,

frailty could be defined as the disability to compensate

function loss. Increasing evidence suggests that frail elderly

are at an increased risk of adverse health outcomes (dis-

ability, falls, hospitalizations, institutionalizations and

death) [4–8]. Conceptually, it is important to distinguish

‘‘frailty’’ from ‘‘disability’’ and ‘‘comorbidity’’ and there-

fore, not to use an instrument integrating disability or

comorbidity items to measure frailty [9]. In the Cardiovas-

cular Health Study, more than a quarter of the elderly cate-

gorized as frail according to the Fried frailty criteria were not

disabled and had no comorbidity [4]. However, these three

different entities are related [3]. Those who are frail have a

higher prevalence of concomitant chronic diseases and of

disability than those who are non-frail. Moreover, comor-

bidity is a risk factor for frailty, whereas disability is an

adverse outcome of frailty and disability may aggravate

frailty [10]. Because of the complex relationship between

comorbidity and frailty, it is not always clear whether frailty

is a predictor of mortality independent of comorbidities. To

our knowledge, the very few studies who investigated the

association between frailty and mortality only adjusted for

some selected, mainly self-reported, chronic diseases [4, 6–

8, 11].

An unambiguous definition of frailty is of great impor-

tance for clinicians to identify those at an increased risk of

adverse health outcomes, but also for policy makers to

make cost-effective decisions in health care [2]. Since there

is no distinct uniform definition of frailty, reported preva-

lences vary greatly from 5 to 58 % [12]. Generally, two

different definitions of frailty are most commonly used [2]:

a broader definition of frailty taking into account more

social and psychological aspects [5]; and one based on

predominantly physical criteria [4]. Within the latter defi-

nition based on physical aspects, frailty is defined as

meeting three or more of five established criteria for frailty,

namely evaluating: (1) nutritional status (unintentional

weight loss), (2) physical activity, (3) mobility (slow

walking speed), (4) weakness (reduced grip strength), and

(5) exhaustion (self-reported) [4]. Elderly individuals with

one or two criteria are defined as intermediate frail or pre-

frail and have been found to be at increased risk of

becoming frail [4]. The physical frailty definition by Fried

et al. [4] is associated with a lower prevalence and less

variable prevalence rates. Although it is suggested that

frailty is more than a decline in physical functions, the

model based on physical aspects is more practical for

fundamental research since the criteria are limited in

number, has clear cut-offs between frail versus non frail

and constitutes a more objective measure [2, 12]. More-

over, the frailty phenotype by Fried et al is the most widely

used instrument in frailty research, allowing comparisons

with other studies, and has been most extensively tested for

its validity, including the external validity of adverse health

outcomes [4, 9].

The aim was to investigate the prevalence of physically

frail elderly in a Dutch population-based cohort study and

the impact on adverse health outcomes including all-cause

mortality independent of comorbidity.

Methods

Study population and design

This study was embedded within cohort I and II (RSI and

RSII) from the Rotterdam Study, a prospective population-

based cohort study ongoing since 1990 [13]. The rationale

and design of the Rotterdam Study have been extensively

described [13–18]. In short, all inhabitants aged 55 years

and older of one district of Rotterdam (Ommoord) were

invited to the original cohort (RSI). Names and addresses
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were drawn from the municipal register which is reliable,

complete and up to date [14]. 7,983 subjects participated

(78 % of 10,215 invitees). 3,011 participants (out of 4,472

invitees) who had become 55 years of age or moved into

the study district since the start of the study were added as

RSII in 1999. Almost all participants are from Caucasian

descent. All participants are invited every 3–5 years to the

research centre for follow-up examinations, including

physical examination and blood sampling. Moreover, the

participants are continuously monitored for clinically

meaningful outcomes. The assessment of the study par-

ticipants’ characteristics and frailty criteria used in this

study took place from March 2009 until March 2012

among 4,027 participants. The follow-up period started at

the time of the frailty-assessment until death or end of the

study period (January 1st, 2013). This study was approved

by the medical ethics committee of the Erasmus Medical

Center, Rotterdam, and the review board of The Nether-

lands Ministry of Health, Welfare and Sports. Participants

gave written informed consent.

Definition of frailty

Frailty was determined using the physical definition of

frailty, which has been developed in the population-based

Cardiovascular Health Study and is since then the most

widely used and validated instrument in frailty research [4,

9, 19]. Frailty was defined as meeting three or more of the

five established frailty criteria. Grip strength was assessed

using a handgrip dynamometer and the grip strength was

defined as the highest value (kg) of three trials performed

in the non-dominant hand [13]. Weakness was defined as

having a grip strength for men B29 kg (if body mass index

(BMI) B24, or B30 kg if BMI B24.1–28, or B32 kg if BMI

[28) and for women B17 kg (if BMI B23, or B17.3 kg if

BMI B23.1–26, or B18 kg if BMI B26.1–29, or B21 kg if

BMI[29) [4]. Weight loss was defined as losing more than

5 % body weight compared to the previous examination

(6 years earlier). Exhaustion was defined as answering

‘‘frequently’’ or ‘‘mostly’’ to one of the following two

statements from the Center for Epidemiological Studies

Depression (CES-D) scale: (a) I felt that everything I did

was an effort; (b) I could not get going [20]. Physical

activity was determined from an extensive questionnaire

about leisure time and sports; the physical activities were

weighted by their intensity and all awarded kilocalories per

week were summed [4, 21]. Low physical activity was

defined as expending \383 kcal per week for men and

\270 kcal per week for women [4]. Finally, slowness was

defined as walking at a velocity of\0.76 m/s if height was

more than 173 cm for men or more than 159 cm for

women (otherwise\0.65 m/s) [4]. Assessment of gait was

performed in all participants using the GAITRite walkway

(CIR Systems, Inc., Sparta, New Jersey). Only participants

who had a sufficient number of criteria to confirm or to

exclude frailty were included (e.g. at least three concordant

positive or negative criteria evaluated). Participants with

one or two criteria were defined as intermediate frail or pre-

frail [4].

Characteristics, comorbidities and adverse health

outcomes

Standardized questionnaires including information on

smoking status, pack-years, falls and hospitalizations, were

completed at the time of the frailty-assessment in the

research center. Participants were asked ‘‘Did you fall in

the past 12 months?’’ and ‘‘Have you been hospitalized in

the past 12 months?’’. Mortality information was obtained

from the municipal health authorities in Rotterdam in

addition to computerized reports from the general practi-

tioners [13]. Smoking status was distinguished into never,

former, and current smoking. Cigarette pack-years were

computed as duration of smoking (years) multiplied by the

number of smoked cigarettes, divided by 20. The BMI was

calculated as weight divided by height squared.

Diabetes mellitus was defined as the use of blood glu-

cose-lowering medication based on automated pharmacy

records [22]. Chronic obstructive pulmonary disease

(COPD) was assessed by spirometry, performed at the

research center. The participants were classified as having

COPD when the ratio of forced expiratory volume in 1 s

(FEV1) to forced vital capacity (FVC) was \70 %, in the

absence of asthma [23]. Hypertension was defined as the

use of antihypertensive medication during follow-up, and/

or a systolic brachial blood pressure of C160 mmHg, and/

or a diastolic brachial blood pressure of C100 mmHg

(Grade 2 according to European Society of Cardiology

criteria) [24]. Coronary revascularization was defined as

coronary artery bypass grafting and percutaneous coronary

intervention. Myocardial infarction, heart failure, stroke

and cancer were clinically validated. Osteoporosis was

defined using femoral neck bone mineral density measured

by Dual-energy X-ray absorptiometry applying World

Health Organization (WHO) criteria [25]. Kidney disease

was defined according to the National Kidney Foundation

guidelines as having a glomerular filtration rate (GFR)

\60 mL/min/1.73 m or as having markers of kidney

damage (i.e. a urine albumin–creatinine ratio [17 mg/g in

men and [25 mg/g in women) [26]. The GFR was calcu-

lated using the Modification of Diet in renal Disease Study

Equation of Levy et al. [27] Anemia was defined according

to the WHO guidelines\120 g/L for women and\130 g/L

for men [28]. The comorbidity count which distinguishes

between none, one and two or more comorbidities, was

calculated for all participants of whom we had complete
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information on all ten diseases. Blood samples for deter-

mination of levels of serum glucose, creatinin, hemoglobin

(Hb), cholesterol, and white blood cell (WBC) count were

obtained at the research center.

Statistical analyses

For the baseline characteristics, logistic regression models,

adjusted for age and sex, were performed. Cox proportional

hazard ratios were calculated to evaluate the risk of mor-

tality for frail elderly. The following variables were con-

sidered as potential confounders: age, sex, BMI, smoking

status, pack-years and the comorbidity-index. Models were

adjusted for co-variables that changed the point estimate by

more than 5 %. Kaplan–Meier survival analysis was used

to illustrate the percentage of participants who died during

follow-up. The Log rank test was used to determine whe-

ther the difference in survival between frail elderly and

intermediate and non-frail elderly was significant. Stratifi-

cation for sex was performed and individual Kaplan–Meier

curves were depicted. Proportionality of hazards was

checked for the Cox-regression models. The influence of

the use of age as time scale instead of the use of the

standard survival analysis corrected for age, was evaluated

using R Statistical Software (Foundation for Statistical

Computing, Vienna, Austria). All other statistical analyses

were performed using IBM SPSS Statistics for Windows,

Version 20.0 (IBM Corp, Armonk, NY). p values below the

conventional level of significance (p \ 0.05) were con-

sidered as statistically significant.

Results

Characteristics of the study population

Within the Rotterdam Study, the frailty status could be

determined in 2,833 (71.6 %) of the 4,027 participants who

recently visited the research centre. Of these, 1,585 par-

ticipants (55.9 % of the study population) were women and

the median age was 74 years (IQR 9). The prevalence of

the individual frailty criteria was: (1) 1,113 (40.3 %) out of

2,765 participants had reduced grip strength, (2) 534

(19.4 %) out of 2,753 evaluated participants had C5 %

weight loss over the past 6 years, (3) 61 (3.6 %) out of

1,688 participants exhibited a slow walking speed, (4) 118

(4.4 %) out of 2,695 participants had a low physical

activity, and (5) 366 (13.0 %) out of 2,816 participants

reported exhaustion (Fig. 1). No walking speed measure-

ment was available in 1,145 (40.4 %) participants due to a

postponed start period of the gait assessment. Three or

more of the five frailty criteria were present in 163

participants, implicating that the prevalence of frailty in the

Rotterdam Study is 5.8 % (95 % CI 5.0–6.7 %; 4.1 % in

males, 7.1 % in females). 1,216 (42.9 %) and 1,454

(51.3 %) participants were non-frail and intermediate frail,

respectively.

Frail participants were older and more frequently female

compared to participants with less than three frailty criteria

(Table 1). In addition, adjusted for age and sex, frail par-

ticipants had a significantly impaired quality of life (QoL)

and were more frequently current smokers with a higher

number of pack-years.

Compared to the participants in whom the frailty status

could be determined (n = 2,833), the participants with

incomplete information (n = 1,194) were older and more

frequently female, had a worse quality of life, higher

mortality and more comorbidities (supplemental Table E1).

In a sensitivity analysis using multiple imputation, the

prevalence of frailty was not significantly higher in the

participants with incomplete information (6.9 % compared

to 5.8 % in the participants where the frailty status could be

determined; p = 0.177).

Frailty and comorbidities

72.0 % of those who were frail had two or more comor-

bidities compared to 44.8 % of the non-frail participants

(Table 1). Frail participants had a significantly higher

prevalence of heart failure, hypertension, stroke, osteopo-

rosis, COPD and anemia independent of age and sex than

those who were non-frail and intermediate frail (Table 1).

Furthermore, frail participants had lower blood levels of

hemoglobin and cholesterol, whereas they had an increased

white blood cell count, even when adjusted for age, sex,

BMI, smoking status, pack years and the comorbidity count

(p = 0.001, p = 0.003 and p = 0.040 respectively). There

were no remarkable differences regarding BMI, blood

glucose or creatinin levels.

Exhaustion 
(13.0% of 2816)

Weak grip strength 
(40.3% of 2765)

Slow 
walking 
speed

(3.6% of 1688)

Weight loss 
(19.4% of 2753)

Low physical 
activity 

(4.4% of 2695)

FRAIL
(5.8% of 

2833)

Fig. 1 The frailty flower
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Frailty and adverse health outcomes

More than one third of the frail participants had fallen in

the preceding year and one quarter had been hospitalized in

the previous year, compared to approximately one fifth and

one tenth of the non-frail participants respectively

(Table 1; Fig. 2). In Fig. 2a the percentage of participants

who fell is depicted per frailty category; Fig. 2b shows the

percentage of participants who were hospitalized.

During the more than 3 years of follow-up between

March 2009 and January 2013 (average follow-up

805 days, SD 310 days), 118 (4.2 %) of the 2,831 partic-

ipants with follow-up died. 26 (16.0 %) among the frail, 63

(4.3 %) among the intermediate frail and 29 (2.4 %)

among the non-frail. Survival was significantly worse for

frail elderly compared to the other two groups (Log rank

p \ 0.001; Fig. 3a). The Kaplan–Meier curves stratified by

sex suggest a different survival pattern for men (immediate

decline) compared to women (steady progressive decline)

(Fig. 3b, c). When adjusting for age, sex and the comor-

bidity count in the Cox hazard proportion model, frail

elderly had a more than threefold increased risk of mor-

tality (HR 3.43, 95 % CI 1.85–6.36; p \ 0.001, Table 2).

Importantly, the addition of all enumerated potential con-

founders and the ten diseases of the comorbidity count to

the model, did not change the independency of the frailty

effect on mortality (p = 0.002). A trend towards an

increased mortality risk could be noticed in the (male) pre-

frail group (intermediate frail elderly); however, this was

no longer significant after adjustment (Table 2). The use of

Table 1 Baseline

characteristics

Categorical variables are

expressed as numbers

(percentages). Values of

continuous variables are

expressed as median

[interquartile range (IQR)].

p values comparing the frail

group against the non-frail and

intermediate frail group

combined, are age and sex

adjusted (age and sex adjusted

for one another). Comorbidity

count determined in participants

without missing comorbidities

(n = 2,745; coronary disease

was missing in 6 participants,

heart failure in 12, osteoporosis

in 29, anemia in 58 and kidney

disease in 37 participants)

QoL quality of life, BMI body

mass index, Hb hemoglobin,

WBC white blood cells, COPD

chronic obstructive pulmonary

disease

Variable Non-frail Intermediate frail Frail p value

Number 1,216 (42.9 %) 1,454 (51.3 %) 163 (5.8 %)

Age (years) 73 (7) 75 (9) 81 (8) \0.001

Female 623 (51.2 %) 850 (58.5 %) 112 (68.7 %) 0.001

QoL 80 (15) 80 (15) 70 (20) \0.001

BMI 26.6 (4.5) 27.4 (5.3) 27.0 (6.6) 0.811

Pack-years 5.4 (23.1) 5.0 (23.0) 6.5 (35.3) \0.001

Smoking status

Never 393 (32.3 %) 497 (34.2 %) 60 (36.8 %)

Former 715 (58.8 %) 832 (57.2 %) 84 (51.5 %) 0.913

Current 108 (8.9 %) 125 (8.6 %) 19 (11.7 %) 0.035

Lab results

Hb (mmol/l) 8.8 (0.9) 8.7 (0.9) 8.4 (0.9) \0.001

WBC (count/mm3) 6,700 (1,900) 6,900 (2,200) 7,200 (2,600) 0.007

Cholesterol (mmol/l) 5.4 (1.5) 5.3 (1.5) 5.0 (1.5) \0.001

Glucose (mmol/l) 5.5 (0.9) 5.6 (1.0) 5.5 (1.1) 0.881

Creatinin (lmol/l) 79 (22.0) 78 (24.8) 78 (26.0) 0.288

Comorbidity

Coronary disease 29 (2.4 %) 75 (5.2 %) 5 (3.1 %) 0.280

Heart failure 21 (1.7 %) 60 (4.1 %) 18 (11.0 %) 0.006

Hypertension 865 (71.1 %) 1,124 (77.3 %) 140 (85.9 %) 0.034

Stroke 10 (0.8 %) 13 (0.9 %) 4 (2.5 %) 0.001

Diabetes 72 (5.9 %) 122 (8.4 %) 17 (10.4 %) 0.095

Osteoporosis 121 (10.2 %) 181 (12.4 %) 40 (25.0 %) 0.001

Cancer 159 (13.1 %) 206 (14.2 %) 29 (17.8 %) 0.160

COPD 172 (14.1 %) 238 (16.4 %) 47 (28.8 %) \0.001

Anemia 45 (3.8 %) 127 (8.9 %) 30 (19.9 %) \0.001

Kidney disease 306 (25.5 %) 470 (32.6 %) 66 (43.1 %) 0.380

Comorbidity count

0 173 (14.8 %) 151 (10.6 %) 7 (4.7 %)

1 471 (40.4 %) 501 (35.1 %) 35 (23.3 %) 0.601

C2 522 (44.8 %) 777 (54.4 %) 108 (72.0 %) 0.057

Falls in preceding year 180 (21.2 %) 298 (26.8 %) 53 (39.8 %) 0.001

Hospitalization in preceding year 60 (10.6 %) 144 (17.4 %) 27 (24.5 %) 0.006
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age as time scale did not substantially influence the frailty

point estimate (data not shown). Stratified by sex and

adjusted for age and comorbidity, frail men had a 4.3 fold

increased risk of mortality and frail women a 2.5 fold

increased risk of mortality (Table 2). However, confidence

intervals largely overlapped and the interaction term

between frailty and sex was non-significant.

Discussion

Overall, we observed a prevalence of frailty of almost 6

percent within the Rotterdam Study. Compared to the non-

frail, frail participants were more likely to be older and

female. Frail elderly people had more falls and hospital-

izations in the previous year and had an increased risk of

mortality independent of age, sex and comorbidity.

Our observed frailty prevalence is in line with the 6.9 %

prevalence estimate that Fried et al. [4] found in the Car-

diovascular Health Study. In addition, a review by Collard

et al. [2] reported an overall prevalence of frailty of 9.9 %

in studies using physical frailty definitions. The results in

our study confirm the consistency of the Fried frailty

criteria. In the Cardiovascular Health Study, 68.0 % of the

frail elderly had 2 comorbidities or more and 7.3 % had

none of 9 co-morbidities [4]. Consistently, we found that

72.0 % of the frailty group had two or more, and 4.7 % had

none of the co-morbidities, respectively. This indicates that

frailty is not identical to comorbidity. It is more likely that

these entities frequently co-exist, and that comorbidity only

partly explains the presence of frailty [10].

Fig. 2 Fall and hospitalization in the preceding year according to

frailty status

Fig. 3 Kaplan–Meier survival curves
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Notably, the BMI did not differ significantly between

frailty groups, which is similar to previous findings [11,

29]. Although frail people in our study had a significantly

lower weight, they were also significantly shorter. As the

BMI is a ratio, both parameters are important. Furthermore,

not only weight loss, but also ‘sarcopenic obesity’ might be

a risk factor of frailty [30]. Sarcopenia is a syndrome

characterized by a progressive and generalized loss of

skeletal muscle mass and muscle function (strength) with

an increased risk of adverse health outcomes. ‘Sarcopenic

obesity’ is the condition where lean body mass is lost,

while fat mass may be preserved or even increased [31].

Thus not only loss of body weight, through loss of muscle

tissue, but also intramuscular and visceral fat accumula-

tion, are important for developing muscle weakness [31].

Interestingly, in our study we found an increased WBC

count and low hemoglobin levels to be associated with

frailty. Chaves et al. [32] found that the risk of being frail

in community-dwelling older women progressively

declined with increasing hemoglobin levels up to what is

currently considered mid-normal levels (13.5 g/dL). In the

Women’s Health and aging Study, higher WBC counts and

IL-6 levels were independently associated with prevalent

frailty [33]. Possibly, IL-6 contributes to unexplained

anemia in elderly people by inhibiting erythropoietin pro-

duction or by interaction with the erythropoietin receptor

[34]. This supports the assumption of an association

between frailty and a state of chronic systemic inflamma-

tion [3].

In the Rotterdam Study, frail elderly had an increased

risk of death compared to non-frail participants, indepen-

dent of age, sex and co-morbid disease. Fried and others

have also found an increased risk of mortality in the frail

group, although the mean follow-up period in these studies

ranges from 3 to 9.7 years [4, 8, 11]. Puts et al. [6] stated

that men appeared to die more suddenly, while women had

a more steady progressive decline. Although our survival

pattern for men compared to women seemed to confirm this

statement, the mortality hazards were not significantly

influenced by time in the Cox regression model. In our

study, the short-term mortality risk was not significantly

increased for the intermediate frail group independently of

age, sex and comorbidity. Fried et al. [4] found that

intermediately frail elderly were at an increased risk of

becoming frail. This is in accordance with the concept that

the frailty syndrome is a dynamic process, where transi-

tions to states of greater frailty are more common, than

transitions to states of lower frailty [35]. Thus, intermediate

frailty could be considered as a state where the process of

decline in multiple physiologic systems has already been

set in motion, but reserves are still sufficient to withstand

most stressors. This stage would therefore be suited for

secondary prevention, including chronic disease manage-

ment and geriatric assessment, fall prevention, exercise and

nutritional modifications [12, 36]. Frailty, on the other

hand, is often considered to be irreversible and tends to

progress to an end-stage condition [4, 37]. This is shown in

the study of Gill et al. [35] where, over a 54 months period,

the probability of transition from being frail to non-frail

was very low (rates 0–0.9 %). Moreover, in an interven-

tional trial the benefit of the intervention (physical training)

was observed only among the participants with moderate

frailty, but not among those with more severe frailty. Note

that in this trial moderately frail elderly were defined as

having only one physical criterion, and the severe frail as

having two [38].

Table 2 Cox proportional

hazard model of frailty on the

risk of mortality

Adjusted model: adjusted for

age, sex and comorbidity count

HR hazard ratio, CI confidence

interval

Mortality

Crude model (n = 2,831) Adjusted model (n = 2,745)

HR 95 % CI p value HR 95 % CI p value

Lower Upper Lower Upper

All

Non-frail Reference Reference

Int. frail 1.63 1.05 2.54 0.029 1.31 0.81 2.10 0.267

Frail 5.77 3.39 9.80 \0.001 3.43 1.85 6.36 \0.001

Males

Non-frail Reference Reference

Int. frail 1.93 1.10 3.37 0.022 1.50 0.81 2.75 0.196

Frail 7.25 3.49 15.08 \0.001 4.25 1.84 9.78 0.001

Females

Non-frail Reference Reference

Int. frail 1.44 0.70 2.94 0.318 1.04 0.49 2.22 0.919

Frail 6.08 2.76 13.40 \0.001 2.49 1.00 6.22 0.051
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The strengths of our study are the high quality and

detail of medical information, the prospective mortality

data collection, objective measurement of comorbidities

and the general population-based setting of the Rotterdam

Study. A potential limitation is that measurement of

walking speed was only recently introduced. Because

solely participants with at least three concordant positive

or negative criteria were included in the study (e.g. the

result of the missing gait assessment no longer mattered

to conclude frailty), it is unlikely that this alone has

caused misclassification of frail participants within the

study. However, the percentage of intermediate frail

participants within the study might have been underesti-

mated. Second, falls and hospitalizations were assessed

retrospectively. The recall of any fall in the previous year

is relatively specific (91–95 %) but somewhat less sensi-

tive (80–89 %) than intensive prospective data collection

and individuals with poorer cognitive function may be

less likely to recall falling (or hospitalization) in the

previous 12 months [39]. Thirdly, weight loss was not

self-reported but directly measured without asking whe-

ther any weight loss was intentional. Although we believe

that the objective weight measurement is a strength, we

cannot exclude the possibility that the actual prevalence

might be lower due to intentional weight loss. In contrast,

it is important to note that the true prevalence of frailty

might be higher than measured if frail people do not feel

fit enough to perform physical tests or complete ques-

tionnaires. The comparison of participants in whom the

frailty status could be determined with those participants

with incomplete information, seemed to point in the

direction that the more vulnerable people are less able to

perform the physical frailty tests. Consequently, the

impact of frailty on mortality may be even larger if this

phenomenon is limited to the most vulnerable frail

people.

In conclusion, frailty is common in those participants of

the Rotterdam Study able to perform the frailty tests, and

more prevalent in females than males. Frail elderly are at

an increased risk of dying within 3 years independent of

comorbidity. We suggest that clinicians should focus on

intermediate frail elderly to implement preventive

measures.
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