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       This chapter focuses on frequent  endocrinology   problems in 
older adults looking through a “ geriatrician prism  .” The fol-
lowing learning-cases facilitate discussion of pertinent 
topics: 

22.1           Case 1 

 Mr. F. is a 78-year-old white non-Hispanic patient without 
any known major chronic disease. His body mass index 
(BMI) is 29 kg/m 2 . He exercises daily, between home and a 
supervised exercise group program. He remains active at 
home and volunteers in a local hospital. He reports good 
memory and enjoys a happy life with his wife. Both his par-
ents survived into their 90s.  

22.2      Case 2 

 Mrs. O. is a 67-year-old Hispanic patient with recently diag-
nosed type 2 diabetes. She does not have micro- or macro- 
vascular complications but is concerned about being at-risk 
for them. Her BMI has increased over the past few years, 
despite her efforts, and currently is 33 kg/m 2 . She has tried to 
be physically active but reports limitations as she takes care 
of her 7-year-old grandson while her daughter goes to school 
and work. Her functional status is preserved, but she now 
manifests features of mild cognitive impairment.  

22.3      Case 3 

 Mr. P. is a 66-year-old African American patient with long- 
standing type 2 diabetes and metastatic prostate cancer, 
treated with bilateral orchiectomy 4 years ago. Since then he 
has been receiving androgen-suppression therapy. His medi-
cal history includes controlled coronary heart disease, dia-
stolic heart failure, and embolic stroke, without residual 
neurological defi cits. He complains of weight gain, depres-
sion, lack of energy, and has recently become more forget-
ful. His family (wife, children, and brothers) are supportive, 
and they usually take turns to come to the appointments.  

22.4       Case 4 

 Mrs. B is a 72-year-old white non-Hispanic patient with type 
2 diabetes and coronary heart disease who was recently dis-
charged home from a skilled-nursing facility after complet-
ing rehabilitation following hip fracture and replacement. 
Her BMI is 26 kg/m 2  and she has tolerated her new regimen 
of medications for diabetes and osteoporosis. She is now at 
home, where she lives alone, but reports having a number of 
neighbors who look after her. 

 The chapter will be  presented   in four sections addressing the 
most common endocrinologic problems in the elderly: dia-
betes (including prediabetes and obesity), osteoporosis (and 
hypercalcemia), thyroid diseases, and male hypogonadism.  

22.5      Diabetes in Older Adults   

 More than 11.2 million or 26 % of those age 65 years and 
older have diabetes in the USA [ 1 ]. The annual incidence in 
those ages 65–9 years is 10.5 per 1000 people [ 2 ]. Based on 
 Hemoglobin HbA1c (HbA1c) data  , the  Centers for Disease 
Prevention and Control (CDC)   reported that about 37 % of 
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US adults adult population has prediabetes, and more than 
half of them were age 65 years and older [ 3 ]. There is grow-
ing concern since 1 out of 4 people with diabetes remained 
unaware of the diagnosis [ 4 ]. Similarly,  prediabetes   has been 
widely unrecognized, and more than 60 % of those at-high 
risk for prediabetes are 65 years and older. 

 Understanding the challenges associated with the diabe-
tes epidemic in this age group is paramount for both endocri-
nologists and geriatricians. Older patients with diabetes have 
signifi cant clinical and functional heterogeneity that should 
impact the choice of pharmacological agents and manage-
ment targets [ 5 – 7 ]. Most providers recognize the importance 
of a patient-centered approach considering specifi c features 
such as diabetes duration, life-expectancy, comorbidities, 
complications, attitudes, resources, and support systems [ 8 ]. 

 There is variability in the development of diabetes-related 
complications. Using the clinical vignettes, Mr. F. (Case  1 ) is 
at risk of developing diabetes due to his age and high BMI, 
but has no comorbidities, while Mr. P. (Case  3 ) has long- 
standing diabetic macro-vascular complications, metastatic 
prostate cancer and is experiencing a decline in physical 
function and depression. These very different patients war-
rant very different approaches to prevention and treatment. 
In addition, Mr. P’s. clinical presentation is typical of older 
adults with diabetes that often includes several comorbid 
conditions that impact functional status, life-expectancy, and 
increase the risk for side effects and adverse reactions  from 
  diabetes interventions [ 9 ]. 

 Life-expectancy varies signifi cantly depending on the 
number and severity of diabetic complications and co- 
morbidities, functional reserve, physical and cognitive 
function, social support and environment, as well as genetic 
background (i.e., parental longevity vs. those with family 
history of premature death). Diabetes duration and advanc-
ing age independently predict diabetes morbidity and mor-
tality rates [ 10 ]; while an accurate determination of 
life-expectancy is not possible, an estimation of short, 
intermediate, and long-term life-expectancy can facilitate 
establishing goals and the management intensity needed to 
reach them. 

 Since there is limited data from clinical trials focusing on 
older adults with diabetes, it is challenging to implement 
evidence-based care for diabetes in this age group [ 11 ]. 
Decisions should be individualized using data available from 
clinical studies, recommendations from clinical guidelines 
and the clinical experience of the providers. 

 Most endocrinologists implement a comprehensive 
approach for diabetes management [ 12 ], and include coor-
dination of care and specialized services (ophthalmology, 
podiatry, nephrology, cardiology, neurologist, home health 
care, etc.), while involving the patient’s family and any other 
support available. Additional geriatric assessment could 
improve care, particularly considering the association of 
diabetes with dementia, dysmobility, and falls. Therefore 

endocrinologists and other practitioners should consider 
incorporating cognitive and physical function assessments 
in their evaluation of older patients [ 13 ]. 

22.5.1      Diabetes   and Clinical Inertia 

 There is growing concern about clinical inertia in older 
patients with diabetes [ 14 ], which may result in either under 
or over treatment. These can be described with the three dif-
ferent scenarios: (1) resistance to implement early intensive 
preventive therapies for weight and glucose control in 
healthy older adults with newly diagnosed diabetes or pre-
diabetes; (2) lack of adoption of current recommendations 
for the management of older adults with diabetes that tailor 
targets according to health status,  multimorbidity  , cognition, 
and life-expectancy; and (3) lack of awareness of patient’s 
preferences and circumstances related to their functional, 
mental, and social domains. 

 The fi rst inertia scenario may occur among primary care 
providers related to concerns about overtreatment, underesti-
mation of life-expectancy, and low confi dence in the ability 
of older adults to respond to life-style interventions. For 
example, Mr. F. (Case  1 ) is at risk for developing diabetes 
due to his BMI of 29 kg/m 2 . He should be screened with a 
HbA1c, and if in a prediabetic range he would be an ideal 
candidate for the  Diabetes Prevention Program (DPP)   [ 15 ]. 
While most clinicians are aware of the effi cacy of these pro-
grams in younger adults, the benefi ts from lifestyle improve-
ments are even greater for older individuals [ 16 ]. If despite 
DPP interventions Mr. F develops diabetes at age 78, the rec-
ommended HbA1c target would be <7.5 % [ 5 ], and lower 
HbA1c values would be appropriate only if this is accom-
plished without  hypoglycemia   and done in consideration of 
the patient’s preferences, access, and support [ 8 ]. Using tar-
gets similar to the general adult population (HbA1c <6.5 %) 
[ 17 ] may be reasonable for some healthy older adults with 
short diabetes duration, but may not apply in the patient 
described here who is approaching age 80. Individualized 
targets [ 5 – 8 ] require further assessment of physical and cog-
nitive function, life-expectancy, and patient’s preferences, 
and avoids hypoglycemic events. 

 The second inertia scenario may occur when older patients 
with diabetes are not treated according to recommendations 
from the American Geriatrics Society and American Diabetes 
Association guidelines for this age group [ 6 ], which  recom-
mend   less intensive  glycemic control   in older adults with 
diabetes. Even these guidelines were based on major studies 
that recruited “young” old adults (62.2 ± 6.8 years in 
ACCORD [ 18 ], 66 ± 6 years in ADVANCE [ 19 ], and 
60.4 ± 8.7 in VADT [ 20 ]). For adults in their late 70s and 80s, 
even great caution and clinical judgment must guide 
 therapeutic targets and interventions, since there are no clini-
cal trials in those age groups. 
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 Finally the third inertia scenario occurs when there is fail-
ure to recognize that geriatric syndromes are more common 
in older people with diabetes. These syndromes (impaired 
mobility, dementia, depression, etc.) impact the patient’s 
ability for self-monitoring, and others (falls syndrome, 
osteoporosis, frailty syndrome, poor dentition, malnutrition, 
etc.) increase the risk for negative outcomes from hypogly-
cemia or hyperglycemia. Thus, tight  glycemic control   in the 
older adult and particularly in the oldest old can be diffi cult 
and potentially detrimental. 

 Table  22.1  illustrates the evolving targets for an older 
individual whose diabetes progresses, when diabetic compli-
cations occur and when there is a decline in physical and 
cognitive function or when geriatric syndromes develop.

22.5.2         Diabetes   and Renal Disease 

 Progressive loss of renal function is associated with aging 
although the degree of loss is highly variable.  Chronic kid-
ney disease (CKD)   is a complication of diabetes or can be 

associated with hypertension (HTN), another common age- 
related disease. In addition, older adults may be treated with 
pharmacologic agents that could lead to kidney damage. 
Since several anti-hyperglycemic medications (Table  22.2 ) 
are renally excreted, the management of older adults with 
diabetes and kidney disease is challenging, particularly in 
those with advanced CKD.

   The reader is also  referred   to Chap.   25    , Nephrology.  

22.5.3      Geriatric Syndromes and Diabetes      

 Geriatric syndromes are prevalent in older adults, associated 
with aging and comorbidities, and often lead to poor quality 
of life, loss of independence, and admission to long-term 
care facilities [ 23 ]. These syndromes include cognitive 
decline, depression, persistent pain, polypharmacy, urinary 
incontinence, and reduced mobility and falls. Some of these 
may impair diabetes self-management, lead to poor  glycemic 
control  , and increase the risk for hypoglycemia especially 
those described below [ 24 ]. 

    Table 22.1    Evolving glycemic targets and changes in geriatric domains during diabetes disease progression in the older patient   

 Clinical Scenario 
 HbA1c goals 
 ADA and AGS a   Comments 

 Mrs. O. (Case  2 ) 
 67-year-old Hispanic patient 
  Medical  recently diagnosed T2D. 
  Functional  preserved functional status 
  Mental:   mild cognitive impairment (MCI)  . 
  Social:  lives at home, independent, has family support 

 <7.5 % 
 Or 6.5–7.5 % 
 As long as no 
hypoglycemic 
events 

 There is potential harm in lowering 
HbA1c <6.5 % in older adults [ 19 ]. 
Implement lifestyle changes towards 
modest intentional weight loss. Start 
low, go slow, with pharmacologic 
interventions, and monitor; follow up 
and titrate to reach the target 

 Two years later, Mrs. O. presents with one or several of the following scenarios: 
  Medical (1):  a myocardial infarction, and heart failure 
  Medical (2) : Parkinson’s disease, chronic kidney disease stage 3, and emphysema. 
  Medical (3):  newly diagnosed colon cancer. 
  Functional : requires assistance with ADLs (bathing and dressing) 
  Mental:  MCI has progressed to dementia 
  Social:  lives in an Assisted Living Facility which cannot administer insulin four 
times per day 

 <8.0 % 
 Or 7.0–8.0 % 
 As long as no 
hypoglycemic 
events 

 Studies support avoiding intensive 
 glycemic control   in individuals with 
macrovascular complications. 
 Similar approach applies in 
 multimorbidity   (more than three 
chronic diseases), cancer, or mild to 
moderate cognitive impairment, and 
with two or more Instrumental ADL 
impairments 

 Six years later, Mrs. O. presents with one or several of the following scenarios: 
  Medical (1):  has a massive stroke with major neurological and functional sequel 
  Medical (2):  develops severe liver damage due to acetaminophen toxicity, and 
now presents end-stage liver disease 
  Medical (3):  develops rapidly progressive chronic kidney disease, and requires 
hemodialysis 
  Functional:  loss of physical function, bedridden, dependent for most activities of 
daily living 
  Mental:  advanced dementia 
  Social:  admitted to a nursing home 
 Her family requests a focus on quality of life and avoidance of polypharmacy 

 <8.5 % 
 Or 8.0–8.5 % 
 And up to 9 % 
in cases unlikely 
to benefi t from 
lower values, 
due to limited 
life expectancy 

 Higher targets relate to lack of benefi t 
from more aggressive interventions 
and the need to avoid hypoglycemia. 
 Still aims to avoid severe hyperglycemia 
and glycosuria, which may be 
associated with impaired wound 
healing, infection, and urinary 
incontinence, volume depletion, 
hypernatremia, delirium, falls, as well as 
hyperosmolar hyperglycemic nonketotic 
syndrome or diabetic ketoacidosis 

  Goals must be achievable without recurrent or severe hypoglycemia or undue treatment burden. For cases experiencing those, reducing antihyper-
glycemic medications and allowing higher HbA1c values is appropriate. This recommendation increases in relevance as the clinical scenarios 
progress to situations with end-organ failure, long-term care, and end-of-life care 
  Note : HbA1c might not be reliable in severe illness or disease, and targets may be based on measured glucose values 
  a Recommendations based on the American Diabetes Association and the American Geriatrics Society, including individualization of targets and 
patient-centered characteristics [ 5 ,  6 ,  8 ,  21 ]  
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22.5.3.1           Polypharmacy 
 In prescribing for an older person with diabetes, it is impor-
tant to recognize that older people may carry chronic dis-
eases from earlier life, as well as develop new diseases, and 
that  multimorbidity   leads to being prescribed a great number 

of medications, with higher risk for drug–drug or drug–dis-
ease interactions. In addition, adherence to medications 
declines as the number of medications and the frequency of 
dosing increases.  Polypharmacy   in older people with diabe-
tes has also been driven by pay-for-performance and the use 

    Table 22.2    Pharmacotherapy for diabetes in the older  adult     

 HbA1c Target based on 
clinical scenarios In 
Table  22.1  

 Management 

 First line  Second line ( a ) 

 <7.5 % 
 Or 6.5–7.5 % 
 As long as no 
hypoglycemic events 

 Maximize lifestyle interventions. Avoid medications 
associated with weight gain 
   Metformin    
 • May help with weight loss 
 • Start 500 mg PO with largest meal, monitor 

tolerance, increase slowly, towards target of 
1000 mg PO BID 

 • Monitor renal function, counsel patients when to 
hold medication in settings where renal function 
may be impaired (procedures using iodinated 
contrast) 

  Glucagon like peptide-1 receptor agonists (GLP-1 RA)  
 • Reduces appetite, useful if the patient has concomitant 

obesity 
 • Requires injection (check manual dexterity, vision) 
  Dipeptidyl peptidase inhibitors (DPP)-4 inhibitors  
 • Weight neutral 
 • May be preferred if the patient has limitations in vision, 

or prefers an oral agent 
 • Dose adjust based on renal function; except linagliptin 
  SGLT-2 inhibitors  
 • Risk of urinary tract infections and ketoacidosis 
 • Reduces glucose resorption from kidney; caution in 

patients with urinary incontinence (UI); may cause or 
contribute to UI. If UI identifi ed, refer to primary care or 
geriatrics for further evaluation and management 

  Second generation sulfonylureas  
 • May cause hypoglycemia and weight gain, start with low 

dose glipizide or glimepiride, monitor and titrate 
 • Useful when drug cost is important (generics available) 
 • Do not use glyburide [ 22 ] which is long acting and has 

numerous drug interactions 
 • Evolving concern on cardiovascular safety 
  Basal insulin  for patients who are not eligible or amenable 
to any of the above options 
 • Start 0.2 units/kg/day, monitor and titrate [ 16 ] 
 • Older patients with new onset diabetes and HbA1c above 

10 %; patients may not fully respond to oral agents. Start 
basal insulin and preprandial short-acting insulin 

 <8.0 % 
 Or 7.0–8.0 % 
 As long as no 
hypoglycemic events 

   Metformin      DPP-4 inh  (same as above) 
  GLP-1 RA  (same as above) 
  SGLT-2 inh  (same as above) 
  Insulin : as above 

 <8.5 % 
 Or 8.0–8.5 % 
 And up to 9 % in 
selected cases unlikely 
to benefi t from lower 
values, due to limited 
life expectancy 

 Most non-insulin antihyperglycemic agents will 
require to be stopped due to limitations in renal 
excretion and disease status 
  Begin  
 • Insulin basal bolus and preprandial 
 • Daily home skilled nursing services not feasible 

long term 
 • Basal insulin plus oral agents, as long as glycemic 

target can be achieved 
  Other considerations  
 • Use alternatives to insulin if the patient/caregiver 

cannot check glucose or inject insulin 4 times/day 
 • Most patients with advanced chronic kidney or 

liver disease require insulin, due to risks, lack of 
evidence, unpredictability, or contraindications to 
non-insulin options. 

 • Insulin can be challenging, if caloric intake 
fl uctuates, for procedures, e.g. hemodialysis, etc. 

  DPP-4 inhibitor alone  (reduces HbA1c by 0.7 %) consider 
when this may be suffi cient to reach target 
  DPP-4 inhibitor plus Alpha glucosidase inhibitor 
(if tolerated)  
  Long-acting GLP-1 RA  (weekly), if effective and safe, 
may be convenient in certain settings, especially when the 
patient requires assistance with medications 
  Other considerations  
 • Avoid glucose values above 220 mg/dl, since this can be 

associated with glycosuria (dehydration and UI). 
 • Not only avoid glucose values close to 100 mg/dl, but if 

a trend towards these values is detected, a decrease in the 
intensity of regimen may be required, before a 
hypoglycemic event occurs. 

 • Avoid weight loss, which will be mostly be from muscle 
and bone mass, due to low physical activity levels in 
many of these patients 

   a With proper monitoring, titrate up as needed to accomplish the desired target  
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of HbA1c as a quality outcome measure [ 25 ]. Often when 
providers follow guidelines for a series of conditions, the 
result is polypharmacy. Guidelines are not based on studies 
of patients with  multimorbidity  . The recent shift toward 
quality outcomes that include reduction of polypharmacy by 
incorporating age- and patient-specifi c factors to assess qual-
ity and performance should lessen medication burden [ 26 ]. 

 The American Geriatrics Society published the “Beers 
criteria,” a list of medications that should be avoided or used 
with caution in older patients [ 22 ]. Among them,  Glyburide   
is listed as a drug to avoid, as it is associated with a high risk 
for hypoglycemia due to its long half-life. While sulfonyl-
ureas may have decreased due to new alternative agents, it 
these agents are still sometimes useful. While  glyburide      
ought to be avoided other sulfonylureas (like glipizide or 
glimepiride) are  acceptable  . Similarly the routine use of reg-
ular insulin sliding scale is discouraged by the Beers Criteria 
in older adults with diabetes. Table  22.2  presents an over-
view of pharmacologic options, and considerations in the 
geriatric population.  

22.5.3.2           Cognitive Impairment 
 There is epidemiological evidence that diabetes increases risk 
for cognitive impairment [ 27 ,  28 ]. Long-standing diabetes 
may contribute to the development of dementia, however 
there are insuffi cient longitudinal studies to address the 
impact of patient attrition (i.e., patients with diabetes may not 
live long enough to develop dementia). The Atherosclerosis 
Risk in Communities study showed the association between 
diabetes in midlife and long-term cognitive decline [ 29 ], sug-
gesting that diabetes prevention and control in midlife may 
protect against cognitive decline later in life. 

 Poor  glycemic control   with recurrent especially severe 
hypoglycemic events is independently associated with accel-
erated late-life cognitive decline [ 30 ], and there is no evi-
dence that more intensive  glycemic control   will slow 
progression towards dementia. 

 The Memory in Diabetes study (ACCORD MIND) evalu-
ated patients with type 2 diabetes with a mean age 62.5 years, 
and showed no benefi t from intensive glycemic or blood pres-
sure interventions on cognitive testing [ 31 ]. Similarly, an 
ancillary analysis from the Look AHEAD study showed no 
benefi t in cognitive function after 8 years of intensive life-
style intervention in adults with obesity and type 2 diabetes 
[ 32 ]. Studies in older adults at high-risk or with newly diag-
nosed type 2 diabetes may provide better understanding on 
the potential benefi ts of earlier interventions to reduce the risk 
of cognitive decline and preserve function in these patients. 

  Hypoglycemia      in older adults with type 2 diabetes is 
associated with increased risk for cognitive decline and 
dementia [ 33 ]. Conversely, a post-hoc analysis in the 
ACCORD study showed that poor cognitive function may 
increase the risk of severe hypoglycemia [ 34 ]. These points 

emphasize the importance of incorporating cognitive assess-
ment as pertinent to refi ne a treatment plan and to avoid 
hypoglycemia in the older adult with diabetes. 

 The reader is referred to Chap.   8    , Offi ce Tools for 
Assessment for recommendations on screening for cognitive 
impairment.   

22.5.4        Challenges with Insulin Use 

 Due to the progressive natural history of type 2 diabetes, 
most patients will eventually require insulin. However, the 
dexterity and ability needed to implement an insulin regimen 
could be affected by neuropathy, arthritis, cognitive impair-
ment, and other comorbidities. If self-management skills are 
limited, then providers should assess the availability of infor-
mal (i.e., family or friends) or formal (e.g., home health 
nursing) support to implement and monitor an insulin regi-
men. In addition, documenting in the patient’s record the 
presence of these chronic conditions and comorbidities will 
help providers reach the level of complexity needed for 
appropriate clinical reimbursement and facilitate coordina-
tion of care for older adults with diabetes on insulin.  

22.5.5     Challenges with Obesity  Management   

 The prevalence of obesity and its comorbidities increase 
with age [ 35 ]. Obesity could impact the medical (e.g., type 2 
diabetes, cardiovascular disease, and cancer), mental (e.g., 
depression and dementia), social (e.g., stigmatization and 
isolation), and functional domains (e.g., impaired mobility) 
in the geriatric population [ 36 – 39 ]. However, the assessment 
and management of obesity in older adults with diabetes may 
not be common practice among providers. One contributing 
factor may be the limited evidence on potential benefi ts asso-
ciated with weight loss medications and bariatric surgery in 
older adults. However, modest intentional weight loss 
through lifestyle (healthy nutrition and increased physical 
activity) could reduce the burden of obesity-related comor-
bidities and improve the quality of life of otherwise healthy 
obese older adults [ 36 ]. 

 The “ obesity paradox  ” is a term used to describe the fact 
that better outcomes are seen in older people at higher BMIs 
compared to younger people [ 40 – 42 ]. Epidemiological stud-
ies have described better survival in overweight older adults 
with heart failure, hypertension, stroke, and end-organ dam-
age. However, better outcomes are also seen in each BMI 
category, when better fi tness was also present [ 41 ,  43 ,  44 ] 
suggesting that fi tness and not simply fatness is important. 
Therefore, it is important that cardiovascular and physical 
conditioning with modest weight management should be a 
part of the plan of care in older patients with diabetes. In 
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Case  1 , Mr. F. who has a BMI of 29 kg/m 2  would benefi t 
from the lifestyle interventions consisting of exercise, and 
modest intentional weight loss. He may lose 10 lb in 1 year, 
and lower his BMI to 28 kg/m 2 . While remaining in the over-
weight group, he has likely improved his clinical, metabolic, 
and functional profi les.   

22.6      Osteoporosis and Bone Metabolism   

 Osteoporosis increases with age but there are potential gen-
der differences in its consequences. Osteoporosis-related 
fractures are more common in older women, probably related 
to accelerated bone loss in the postmenopausal period, but 
mortality is greater in older men within the fi rst year after a 
hip or femoral fracture [ 45 ,  46 ]. In addition, the prevalence 
of osteoporosis increases in the oldest old (age 80 and older), 
in whom the average T-score is lower than −2.5 
SD. Furthermore, more than 50 % of patients admitted to a 
hospital with hip fracture belong to this age group [ 47 ,  48 ]. 

 Among non-communicable chronic diseases, osteoporo-
sis is fi fth in disability burden behind coronary heart disease, 
lung disease, osteoarthritis and Alzheimer’s dementia [ 49 ]. 
Therefore, timely  assessment   and appropriate therapy could 
reduce the growing burden associated with osteoporosis. 

22.6.1      Osteoporosis   Screening 

 Current guidelines provide recommendations for osteoporo-
sis screening for both women (age 65 and older with or with-
out risk factors) [ 50 ,  51 ] and men (age 70 and older with risk 
factors) [ 52 ,  53 ]. Approximately 50 % of women and 20 % of 
men are at risk for an osteoporosis-related fracture during 
their lifetime.  Osteoporotic fractures   accelerate functional 
decline in older adults and have major economic impact [ 54 , 
 55 ]. The annual costs of incident fractures are estimated at $ 
17 billion with men accounting for 29 % of fractures and 
25 % of costs. An economic model incorporating the growth 
of the older adult population projected that by 2025 the 
annual fractures and costs will increase by 50 % [ 54 ]. Forty 
percent of people who break their hip do not fully recover to 
their functional level before the fracture and 20 % have such 
major functional decline that independence is lost and long- 
term care placement may result [ 55 ]. 

 Prevalence studies fi nd nearly half of all women age 80 
and older have a vertebral fracture [ 56 ]. Additionally, older 
adults with vertebral fractures present with progressive 
height loss, pain, loss of mobility and independence, psy-
chological distress, decreased quality of life, and increased 
risk of disability [ 57 – 59 ]. Furthermore, patients with ver-
tebral fractures also have increased risk for non-vertebral 
fractures.  

22.6.2      Osteoporosis   Risk Assessment 

 In addition to age-related decline in bone, the loss of gonadal 
function in both women and men, and conditions associated 
with infl ammation may contribute to increased risk of frac-
ture [ 60 – 62 ]. In the World Health Organization (WHO) 
Fracture Risk Algorithm (FRAX ®    , available at   https://www.
shef.ac.uk/FRAX/    ), increasing age is one of the strongest 
predictors for fracture risk, only second to personal history 
or family history of previous fragility fracture. Of interest, 
there is a remarkable variation in the age-specifi c risk for 
fracture worldwide. In the 45 countries studied, there was 
greater heterogeneity between countries than between gen-
der differences within a country [ 63 ]. A revision of FRAX 
(3.0) uses updated epidemiological information in the USA 
and shows the predictive value for hip fracture even in men 
and women age 70 and older [ 64 ]. 

 Data from the Osteoporotic Fractures in Men Study 
(MrOS), suggests that pharmacologic treatment would be 
needed in one-third of USA; white men aged 65 years and 
older and one-half of those aged 75 years and older [ 65 ]. A 
practical approach to screening for men is to address height 
loss, especially if ~1.5–2 in., as potentially associated with 
asymptomatic vertebral fractures [ 17 ]. Additional clinical 
risk factors that should prompt earlier screening include low 
body weight, history of prior fragility fracture, family history 
of osteoporosis, smoking, excessive alcohol intake, and 
long-term use of high-risk medications (e.g., glucocorticoids 
at doses >5 mg/d of prednisone, or its equivalent) [ 66 ].  

22.6.3     Special  Considerations   in Older Adults 

 Falls, sarcopenia, and frailty are not included in FRAX, but 
they are associated with increased fracture risk in older 
adults [ 67 – 74 ]. In addition, more than 50 % of people hospi-
talized due to hip fracture are older than 80, and many of 
those will sustain another fracture [ 47 ,  75 – 78 ] For patients 
with spine and hip fractures, there is a broad body of litera-
ture supporting the reduction of fracture risk from pharmaco-
logical treatment [ 50 ]. In general, these medications are safe 
in the older population as long as pertinent precautions are 
followed. For instance, in older adults with CKD stages 4 
and 5 bisphosphonates are contraindicated, and proper moni-
toring is required to avoid adynamic bone disease [ 79 ,  80 ] 
(see also Chap.   25    , for a discussion of metabolic bone dis-
ease.) However, the alternative antiresorptive monoclonal 
antibody denosumab could be considered. 

 Before starting either type of antresorptive  therapy  , 
examination of the oral cavity by a dental professional is 
indicated. This is especially important in the older people 
who are at greater risk for oral disease (poor dentition requir-
ing dentoalveolar surgery, tooth extraction, dental fractures) 
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and poor oral health (including periodontal disease, caries, 
infections) [ 81 ]. Oral disease increases risk of osteonecrosis 
of the jaw. While most cases have been reported after IV 
formulation in frail older adults with  multimorbidity   and/or 
history of malignancy, it is recommended to treatment dental 
diseases prior to beginning antiresorptives [ 82 ]. 

 In addition, calcium and vitamin D supplementation 
and exercise (see below) are important in prevention and 
management of osteoporosis [ 83 ,  84 ]. The recommended 
calcium intake for older adults is 1200 mg per day, ide-
ally from dietary sources [ 50 ,  52 ,  84 ,  85 ]. The National 
Institutes of Health offer a fact sheet for calcium supple-
mentation, with detailed information on dietary sources 
of calcium (available at   https://ods.od.nih.gov/factsheets/
Calcium- HealthProfessional/#h3    ). However, the dietary 
intake of calcium in older adults is usually insuffi cient 
(about 600 mg per day), thus prescription supplementation 
is often required to reach the target (additional 500–600 mg 
per day). Furthermore, older adults have an increased preva-
lence of chronic or atrophic gastritis, with achlorhydria, 
leading to malabsorption of calcium [ 86 ]. Therefore, some 
experts suggest calcium citrate over calcium carbonate 
[ 87 ]. Constipation may develop with either, and it is impor-
tant to advise proper hydration and measures to avoid this 
geriatric syndrome. Concomitant intake and maintenance 
of proper vitamin D is required to ensure calcium absorp-
tion. However, older adults commonly have low levels of 25 
hydroxyvitamin D (25OHD) and, in spite of reports of mea-
surement inconsistencies [ 88 ,  89 ], this should be measured. 
Vitamin D supplementation is recommended when levels 
are below 30 ng/ml, aiming to maintain  levels above 35 ng/
dl using D3 (cholecalciferol) [ 90 ,  91 ]. Toxicity is rare, as 
vitamin D has a wide therapeutic range. Additional potential 
benefi ts of vitamin D repletion include reduction of falls and 
improvement of physical function [ 51 ,  89 ,  91 ]. 

 There is evidence of the  effectiveness   of exercise to pre-
serve or improve bone mass and also to reduce falls [ 92 – 94 ]. 
Falls are reduced particularly with the combination of aero-
bic, fl exibility, resistance and balance training. Exercise rec-
ommendations must be tailored, especially for those with 
severe osteoporosis, who should avoid forward fl exion exer-
cises, using heavy weights, or side-bending exercises, 
because pushing, pulling, lifting, and bending exert com-
pressive forces on the spine that may lead to fracture. These 
patients may benefi t from specifi c recommendations pro-
vided by a physical therapist [ 50 ]. For the majority of older 
patients, at risk for or with osteoporosis, resources include 
the National Institute on Aging Go4Life program, which 
offers free education materials (available at   https://go4life.
nia.nih.gov    ) [ 95 ] and the National Council on Aging, which 
lists a number of evidence-based programs (available at 
  https://www.ncoa.org/center-for-healthy-aging/physical- 
activity/physical-activity-programs-for-older-adults/    ) [ 96 ]. 

 For primary prevention of fractures, a patient with 
known osteoporosis should have an assessment of gait and 
balance, especially if there is a history of falls. For details 
see Chap.   8     on Offi ce Based Assessment. While not spe-
cifi c to osteoporosis, the practice guidelines from the 
American Geriatrics Society and the British Geriatrics 
Society [ 97 ] outline recommendations for older adults who 
present with the falls syndrome. Patients with osteoporosis 
may benefi t greatly from a multifactorial risk assessment 
for falls if they present with more than 2 falls per year, or if 
a fall leads to an injury or is the chief complaint in the clini-
cal visit. The endocrinologist should ask about falls, and 
refer the patient to a geriatrician or to a falls clinic. 
Prevention of falls plays a major role in the prevention of 
morbidity in patients with osteoporosis. The CDC Stopping 
Elderly Accidents, Deaths & Injuries (STEADI) program 
offers tools for assessment and prevention of falls (avail-
able at   http://www.cdc.gov/steadi/    ) [ 98 ]. Furthermore, for 
patients at high risk for falls, home safety assessment and 
modifi cation in those with a previous fall can reduce the 
rate of falls and risk for falling [ 99 ]. 

 Regarding secondary prevention, it is important to recog-
nize patient characteristics that are associated with greater risk 
for a subsequent fall. A recent systematic review and meta-
analysis found that female, institutionalization, decreased 
 vision  , dizziness, dementia, cardiac and respiratory diseases, 
in addition to osteoporosis, increased the risk for a second 
contralateral hip fracture [ 100 ]. Special attention ought to be 
placed for secondary prevention in those cases.  

22.6.4        Problems with Calcium Metabolism 

 The incidence and prevalence of  primary hyperparathyroid-
ism (PHP)   is greater with aging. Similarly, the prevalence of 
cancer associated with non-parathyroid hormone dependent 
 hypercalcemia   also increases with aging. For PHP, advanced 
age is not a contraindication for parathyroidectomy; how-
ever, assessments of function, cognition, life-expectancy, 
and other age-related conditions are needed to complete the 
assessment and recommendation towards surgery, or chronic 
medical management with a calcimimetic (Cinacalcet) [ 101 ], 
as well as the pertinent interventions for diagnosis and man-
agement of secondary osteoporosis, falls and fracture 
prevention. 

 Older adults are a heterogeneous population with a range 
of comorbidities that infl uence treatment in all illnesses 
including calcium disorders. If 10 years passes and PHP is 
found in Mr. F. (Case  1 ) who is now 88 years old, with well- 
controlled diabetes, and preserved physical and cognitive 
function,  parathyroidectomy   will be the procedure of choice. 
However, for Mrs. B. (Case  4 ), now 82 years old, with car-
diovascular disease, severe heart failure, advanced dementia 
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and poor physical function, parathyroidectomy may not be 
applicable, and medical management may be the fi rst option 
to discuss with her  family  .   

22.7      Thyroid Disorders   

 Thyroid disorders are common in older adults with clinical 
presentations that include both long-standing and new-onset 
illnesses. Clinical and subclinical hypothyroidism and hyper-
thyroidism are common as thyroid nodular disease and  dif-
ferentiated thyroid cancer (DTC)  . 

22.7.1        Hypothyroidism 

 The incidence of hypothyroidism (defi ned as high TSH and 
low T-4) increases with age as a result of long-standing 
hypothyroid disease, resulting from the treatment for hyper-
thyroidism and differentiated thyroid cancer (DTC), or as a 
side effect of amiodarone therapy. Diagnosis of hypothyroid-
ism can be delayed by comorbidities, including depression 
and cognitive decline, thus proper screening must be 
implemented. 

 Thyroid hormone replacement with levothyroxine (LT4) 
is usually based on lean body mass (~1.6 mcg per kg-weight) 
for healthy middle age patients [ 99 ]; age-related loss of lean 
body mass [ 103 ] often means dose adjustments are needed 
with increasing age. In addition, lower starting dosages (25–
50 mcg per day) is recommended for healthy older adults, 
lower (12.5–25 mcg per day) for those with known or pos-
sible cardiovascular disease. Replacement therapy must 
strive to avoid overtreatment, with careful monitoring every 
4–6 weeks, and dose adjustments of 12.5 mcg, until TSH 
target is reached. A start and go slow approach may also pro-
vide more stable TSH values over time [ 102 ,  104 ,  105 ]. 

 For a patient with a clinical presentation similar to Mr. F. 
(Case  1 ), who is otherwise healthy and recently developed 
primary hypothyroidism, LT4 therapy could reach a full dose 
replacement similar to a younger person. In contrast, for a 
patient similar to Mrs. B. (Case  4 ), a more careful approach 
is required, given concerns for bone and cardiovascular risk. 

 Guidelines recommend TSH targets between 1 and 2.5 
mIU/L, but normal age-specifi c TSH values are higher in 
older adults when compared with younger people [ 106 ]. 
The NHANES study has shown that the 97.5 centiles for 
TSH in the 20- to 29-year and the 80-year and older groups 
were 3.56 and 7.49 mIU/L, respectively and 70 % of older 
patients with TSH greater than 4.5 mIU/L were within 
their age- specifi c reference  range  . In addition, some sug-
gest that higher TSH values in healthy older individuals 
might be associated with better cognitive and physical 
function [ 107 ,  108 ]. 

 While there are no randomized controlled trials, we rec-
ommend caution when treating hypothyroidism in older 
adults, especially in the oldest old. A TSH closer to 2.5 
mIU/L, and perhaps higher (within the normal range) may be 
more appropriate, whereas reaching TSH of 1 mIU/L may be 
potentially harmful. 

 In addition, for older adults with hypothyroidism related 
to Hashimoto’s thyroiditis, it is important to be aware of the 
risk of autoimmune atrophic gastritis [ 109 ], given potential 
clinical implications for nutrition and pharmacologic 
therapies.  

22.7.2        Subclinical Hypothyroidism 

 This condition is defi ned as a high TSH and normal T-4. The 
European Thyroid Association provides guidelines for sub-
clinical hypothyroidism management [ 110 ] with two poten-
tial scenarios: the fi rst one with TSH values range between 
the upper limit of normal and 10 mIU/L, and the second 
when TSH is greater than 10 mIU/L. About 90 % of cases fall 
in the fi rst scenario [ 111 ] and have milder clinical conse-
quences [ 112 ,  113 ]. 

 Guidelines recommend careful monitoring and a watchful 
waiting in the oldest old [ 9 ], avoiding a rush to diagnosis 
based on one value and rather rechecking TSH at 3–6 months 
intervals. 

 A recent systematic-review assessed the risk of stroke in 
those with subclinical hypothyroidism [ 114 ]. Compared to 
those with normal thyroid function, no increased risks were 
found in individuals with subclinical hypothyroidism in 
those aged 65 and older. A subsequent analysis from this 
research group suggested a pattern of increased risk for fatal 
stroke in younger individuals with higher TSH concentra-
tions [ 115 ]. 

 Increased risk for depression has been reported in sub-
jects older than 60 years with untreated subclinical hypothy-
roidism [ 116 ], while a more recent prospective study in 
adults age 70–82 [ 117 ] did not show an association of  sub-
clinical hypothyroidism   with increased depressive symp-
toms among those at high cardiovascular risk. 

 Regarding cognitive decline, a recently published meta- 
analysis [ 118 ] found no association between subclinical 
hypothyroidism and cognitive performance (impaired mini- 
mental state examination, executive function, and memory). 

 Regarding quality of life, a small randomized trial com-
pared the impact of thyroid hormone replacement versus pla-
cebo in adults who screened positive for hypothyroidism and 
those with subclinical hypothyroidism. They found improved 
quality of life (less tiredness) for the hypothyroid [ 119 ] but 
not those with subclinical hypothyroidism. Therefore, clini-
cal judgment is crucial in the management of subclinical 
hypothyroidism in older adults. Caution with over-screening 
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leading to overtreatment has been raised, particularly if age- 
adjusted normal limits of TSH are not used [ 120 ]. Decisions 
should include a specifi c evaluation of the pre-existent car-
diovascular risk, degree of TSH elevation, comorbidity, and 
frailty [ 107 ].  

22.7.3        Hyperthyroidism 

 Excess thyroid hormone may have major impact on bone and 
cardiovascular health in older adults [ 121 ].  Graves’ disease   
is the most common cause of  hyperthyroidism  , while toxic 
multinodular goiter and toxic adenoma are more prevalent in 
iodine defi ciency regions [ 122 ], and have a faster progres-
sion to hypothyroidism post-treatment [ 123 ]. 

 Any abnormality in thyroid function can present with 
non-specifi c symptoms. For example, apathetic hyperthy-
roidism in seniors classically has none of the typical symp-
toms of younger onset hyperthyroidism such as heat 
intolerance, tremor, nervousness, tachycardia, and others 
[ 124 ], and rather presents with cardiovascular features (atrial 
fi brillation), depression, lethargy, weakness, weight loss, and 
without goiter or ocular manifestations [ 125 ]. In general, 
anorexia and atrial fi brillation are more frequent in older 
than in younger patients [ 126 ]. Furthermore, the greater 
prevalence of HTN and cardiovascular disease in this age 
group may lead to chronic use of beta-blockers, which mask 
hyperadrenergic symptoms [ 124 ]. 

  Radioactive iodine (RAI)   is the preferred therapeutic 
approach, based on better success rate and safety profi le with 
lesser risk for recurrence.  Thionamides   become second line 
alternative therapy, and consideration should be given to the 
risk-benefi t, due to potential adverse reactions, medication 
interaction, and the greater prevalence of liver and bone mar-
row diseases in this age group.  

22.7.4        Subclinical Hyperthyroidism 

 Regarding subclinical hyperthyroidism, two scenarios have 
been described: the fi rst one with TSH between 0.1 mIU/L 
and the lower limit of normal (grade 1), and the second with 
TSH below 0.1 mIU/L (grade 2). There is greater concern in 
grade 2 for cardiovascular risk (heart dysfunction, coronary 
heart disease, and atrial fi brillation), osteoporosis, and pro-
gression to overt hyperthyroidism. Therefore, both American 
and European guidelines recommend treatment for grade 2 
subclinical hyperthyroidism [ 121 ,  127 ]. Nonetheless, persis-
tently suppressed TSH in the grade 1 range may need treat-
ment in older adults given the increased risk for atrial 
fi brillation and heart failure. 

 A recent analysis from the Rotterdam Study examined the 
association between increased thyroid hormone levels and 

risks for atrial fi brillation [ 128 ]. Among subjects with nor-
mal free T4 (FT4) levels, higher risks for atrial fi brillation 
were found in those with FT4 levels in the highest quartile 
when compared to those in the lowest quartile. The absolute 
10-year risk was greater in subjects older than 65 compared 
to younger  subjects  .  

22.7.5        Differentiated Thyroid Cancer 

 Late-onset DTC typically presents in older patients and has 
unique recurrence features, an atypical TNM model, differ-
ent responses to total thyroidectomy, and a different survival 
[ 129 ]. The older the age the greater the risk for more 
advanced stage at presentation and the greater the risk for 
recurrence. 

 Older adults undergoing TSH suppression with thyroid 
hormone replacement, post-thyroidectomy for DTC, may be 
at greater risk of adverse events (e.g., atrial fi brillation and 
osteoporosis) compared to younger individuals [ 130 ,  131 ]. 
Potential benefi ts with beta blockers for prophylaxis have 
been suggested but more research is needed [ 132 ]. Current 
management guidelines also suggest therapy for osteoporosis 
[ 125 ] and recommendations to preserve bone health such as 
exercise and supplementation with calcium and vitamin D.   

22.8      Hypogonadism   

 The endocrine evaluation of older men should include evalu-
ation of their gonadal function. Most symptoms associated 
with gonadal dysfunction are non-specifi c but may impact 
quality of life and wellbeing. 

22.8.1        Clinical Diagnosis 

 There is signifi cant heterogeneity in the way older men with 
hypogonadism present clinically. For men with early-onset 
hypogonadism due primary to testicular failure or secondary 
to pituitary tumor resection, long-term monitoring and man-
agement is required. Many of the symptoms of testosterone 
defi ciency of late onset (i.e., erectile dysfunction, depres-
sion, decreased energy, weakness) may also occur in age- 
related comorbidities (diabetes, cardiovascular disease, 
depression, frailty syndrome) and will not improve with tes-
tosterone replacement alone. Thus, counseling about expec-
tations from evaluation and treatment for hypogonadism is 
advised [ 133 ,  134 ]. 

 Since the diagnosis of late-onset hypogonadism often is 
challenging, a European study evaluated the clinical and hor-
monal profi le in middle-age and older men [ 129 ]. Sexual 
symptoms (poor morning erection, low sexual desire, and 
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erectile dysfunction) were signifi cantly related to low testos-
terone levels. Less specifi c symptoms such as depression and 
fatigue were more typically related to co-existing conditions 
and had greater impact in quality of life and ability for self- 
care [ 136 – 138 ]. This fact makes the clinical monitoring of 
patients on replacement testosterone diffi cult.  

22.8.2        Laboratory Assessment 

 It is important to recognize that chronic diseases may impact 
hormonal values [ 139 ]. Obesity was associated with lower 
testosterone values in the Massachusetts Male Aging Study 
and the European Male Aging Study [ 140 ,  141 ]. Diabetes 
and heart failure have also been associated with hypogonad-
ism [ 142 ,  143 ]. These diseases are associated with fatigue, 
poor sleep, insomnia, and other non-specifi c symptom, 
which may lead to impaired metabolism, obesity, and 
impaired gonadal function. In addition, older patients may 
require medications (opioids, glucocorticoids, and spirono-
lactone) which decrease testosterone levels [ 144 ]. Thus, 
after thorough discussion with patients, laboratory screening 
for hypogonadism can be considered in older adults with 
symptoms of  hypogonadism   [ 133 ,  134 ]. 

 There are changes in the circadian rhythm for testoster-
one, so blood sample collection is recommended early in the 
morning after a good night’s rest and tested using reliable 
assays; low levels should be confi rmed with a second morn-
ing sample. An older person with insomnia or sleep disor-
ders may have inaccurate levels. Consider assessment of free 
testosterone in the setting of abnormal sex hormone binding 
globulin, especially in older men with total testosterone con-
centrations near the lower limit of the normal range and in 
whom alterations of sex-hormone binding globulin are sus-
pected [ 134 ]. 

 Late-onset hypogonadism develops in a relative small 
percentage of all older men (2.1 % in the European Male 
Aging Study) [ 145 ]. Those with testosterone levels well 
below the lower limit of 300 ng/dl, i.e. values below 150 ng/
dl [ 146 ] ought to be reassed (diagnosis requires confi rmation 
in separate occassions). Then, further informed discussion 
for treatment should follow if results are consistently low in 
the setting of syndromal presentation (low values alone do 
not justify treatment). Moreover, it is important to consider 
potential risks affecting those in whom therapy may be clini-
cally indicated.  

22.8.3      Adverse   Effects of  Testosterone 
Replacement Therapy   

 There is growing concern with the increase in testosterone 
prescriptions and potential health consequences [ 147 ]. The 

American Association of Clinical Endocrinologists recently 
addressed potential cardiovascular risk [ 148 ] and concluded 
that there is no compelling evidence that testosterone therapy 
either increases or decreases cardiovascular risk but stated 
that treatment in older adults should be extra cautious. 

 Controversy related to cardiovascular safety of testoster-
one supplementation continues among experts. Several 
authors have stated the need for adequate randomized trials, 
powered to assess the impact of testosterone on cardiovascu-
lar health and outcomes in the older population [ 149 ]. Until 
then, the decision to treat hypogonadism in older adults must 
be based on a clinical approach considering the patient’s 
health status, physical and cognitive function, and incorpo-
rating the patients’ goals, risks, and any special consider-
ations [ 150 ]. 

 For those cases in whom testosterone treatment clearly 
offer greater benefi ts than risks, recommended monitoring 
includes surveillance for erythrocytosis, hypertension, pros-
tate disease, and liver  abnormalities   [ 151 ].  

22.8.4     Testosterone Replacement Therapy 

 When treatment is warranted, replacement should aim for 
testosterone levels in the mid-normal range [ 146 ,  151 ], with 
suggested target around 400 ng/dl for older men, which is 
less than in younger individuals. 

 Building on the clinical scenarios of the learning cases: 
 If an otherwise healthy older adult, like Mr. F. (Case  1 ), 

returns to the clinic for a yearly follow-up, and reports 
decreased libido, and erectile dysfunction, his symptoms 
may be due to hypogonadism, and require evaluation. 
Assuming the laboratory assessments confi rm low testoster-
one values, e.g. 180, and 140 ng/dL, with corresponding 
increased gonadotropins, the diagnosis of testicular hypogo-
nadism is  established   and it will be appropriate to discuss 
testosterone replacement. For this relatively healthy older 
man, with preserved physical function, cognition and good 
social support, treatment can improve symptoms and his 
quality of life. 

 However, there will be more complex scenarios. For 
example, a 70-year-old man who has diabetes, coronary 
artery disease, and a known family history of prostate cancer, 
presents with complaints of fatigue, depression, and inability 
to perform vigorous activity. Laboratory assessment shows 
borderline low testosterone values of 290 and 280 ng/
dL. Given the family history of prostate cancer and the 
potential concerns about cardiovascular safety, testosterone 
therapy may not be initially recommended. These non- 
specifi c symptoms could be explained by stress, poor sleep, 
and impaired physical function. Furthermore, the risk benefi t 
ratio of testosterone replacement is not clearly favorable. On 
the other hand, a healthy, functional, and cognitively intact 
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68-year-old man with hypertension and family history 
(cousin) of prostate cancer is found to have osteoporosis, and 
unequivocally low testosterone values (e.g., 150 and 140 ng/
dL), and a normal prostate specifi c antigen. In this case, tes-
tosterone replacement will improve bone health, quality of 
life, function, and future outcomes, since a fracture could be 
devastating to  him  .      
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