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ABSTR ACT: The purpose of this review was to describe the health consequences of obesity in older adults. Although obesity is associated with risk of 
cardiovascular disease, type 2 diabetes, hypertension, and dyslipidemia in the elderly, the association appears to be weaker in older compared to younger 
adults. Obesity in older adults is also associated with significantly higher risk of osteoarthritis, postmenopausal breast cancer, and impairments in physi-
cal function. However, the influence of obesity on mortality risk, osteoporosis, fracture risk, and cognitive function in older adults is not well understood. 
Intentional weight loss in obese older adults may be beneficial for metabolic health and physical function, but more long-term studies are needed. When 
examining the influence of obesity on different health parameters, future studies should consider using alternative measures of obesity beyond body mass 
index (BMI), such as waist circumference, and also investigate how body weight changes across the lifespan may influence health. The association between 
obesity and different health parameters in older adults appears to be more complex than in younger adults, and thus requires further investigation.
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Introduction
Older adults are a rapidly growing population, representing 
13% of the United States population in 2010, and it is pro-
jected that they will represent 20% of the population by the 
year 2030.1 Not only is the number of older adults increas-
ing, but so is the prevalence of obesity in the elderly popula-
tion. Over the past 30 years, the number of obese older adults 
has doubled2 to 35.4% in 2012.3 The growing prevalence of 
obesity is a public health concern worldwide. Obesity is now 
estimated to be responsible for 5% of all deaths globally4 and 
is associated with an increased risk for many cardiometabolic 
risk factors, such as type 2 diabetes, dyslipidemia, hyperten-
sion, gall bladder disease, certain cancers, and coronary heart 
disease.5 However, the negative effects of obesity on health are 
not as clear in older as in younger adults.6–8 In fact, obesity has 

been associated with beneficial effects in older adults, such as 
increased bone mineral density, decreased osteoporosis,9 and 
most notably lower mortality risk.10 Whether weight loss is 
safe for the obese elderly is also controversial.11 However, there 
are many aspects of obesity that are detrimental in adults of all 
ages, and may be particularly relevant for elderly individuals, 
such as decreased physical function,12 increased prevalence of 
type 2 diabetes,13 and lower cognitive function.14 Thus, the 
purpose of this review is to describe the health consequences 
of obesity in the older adult population. Specifically, this 
review will address the effects of obesity on metabolic health, 
mortality risk, physical function, osteoarthritis, osteoporosis, 
breast cancer, cognitive function, and the effects of weight 
loss in the obese older adult population. A summary of the 
 findings is provided in Table 1.
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Metabolic Health Risk Associated with Obesity 
in the Elderly
Obesity is associated with negative health outcomes in both 
younger5 and older adults.2 The combination of older age and 
obesity may augment the risk for certain negative health risk 
factors, such as fasting glucose, type 2 diabetes, and hyperten-
sion.15 However, others have reported that the relationship 
between obesity and metabolic health risk may differ by age. 
The association between obesity and metabolic health risk 
has been reported to be weaker in older adults compared to 
younger adults for prevalent cardiovascular disease,6 hyperten-
sion, dyslipidemia, and type 2 diabetes.5,6,16 Similarly, unlike in 
middle-aged and old adults, body mass index (BMI) was not 
associated with risk of future cardiovascular events in very old 
adults.17 Thus, the association between obesity and metabolic 
health risk may not be consistent across the life span.

The increased obesity-related health risk that is 
observed in older adults may be partially because of the age- 
associated changes in body composition. Aging is associated 
with  decreases in subcutaneous fat, increases in visceral adi-
posity, and redistribution of fat to ectopic sites such as skel-
etal muscle, liver, and heart.18–21 These fat depots are associated 
with insulin resistance independent of overall body fat.22 Fur-
ther, these age-related differences in body composition can be 
observed independent of differences in body weight.23 Waist 
circumference has also been reported to continuously increase 
throughout the life span, even when there is no change or a 
decrease in body weight.24,25 A high waist circumference has 
been associated with increased risk of incident heart failure in 
old men and women independent of BMI.26 Thus, BMI may 
mask the redistribution of fat to the abdominal area during 
aging, which is a potential explanation for why the associa-
tion between BMI and health in older adults is augmented. 
Conversely, the association between obesity and aging may be 
weakened over time because of a “survival bias,” whereby obese 
middle-aged adults who have obesity-related conditions are 
more likely to die prematurely,9 and may be less likely to be 
recruited or ineligible to participate in studies.27 Further, obese 
adults who do survive into older age may be more  resistant to 
the negative effects of obesity.9 Finally, the decrease in height 
that is associated with aging may artificially elevate BMI.23

Mortality Risk
As with morbidity, the association between obesity and mor-
tality in the elderly population is less clear. Whereas obe-
sity was associated with higher mortality risk in young and 
middle-aged adults, it was associated with similar or lower 
mortality risk than normal weight in older adults.7,8,28,29 In 
fact, most studies that have assessed the obesity– mortality 
risk relationship in older adults using BMI report either 
lower mortality risk10,30,31 or a similar mortality risk in obese 
compared to  normal weight older adults.32–36 However, some 
studies do report that obesity is associated with higher mor-
tality risk in older adults.37,38 Masters et al recently suggested Ta
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that survey-based estimates of the relationship between obe-
sity and mortality risk in different age groups is confounded 
because of disparate cohort mortality and age-related survey 
selection bias.39 In contrast to population-based studies that 
report that the association between obesity and mortality risk 
is weakened in older adults,7 the association between obesity 
and mortality risk has been reported to actually grow stronger 
with age after accounting for age-related survey selection bias 
and cohort differences in mortality risk.39,40

As with morbidity, the attenuated association between 
obesity and mortality risk in elderly adults may also be 
explained by several factors, such as “survival bias” or the 
“obesity paradox”. The obesity paradox has been observed in 
patients with heart failure, hypertension, and coronary artery 
disease, and in those who have undergone cardiac revascular-
ization,41 wherein obese adults who experience cardiovascular 
events have a better prognosis than normal weight individu-
als. This may be because many diseases are associated with a 
catabolic state, and thus, obese individuals with heart fail-
ure may have more metabolic reserve than lean  individuals.42 
Further, normal weight or lean persons who experience a 
cardiovascular event may have a greater genetic predisposi-
tion for cardiovascular disease or may be resistant to medical 
interventions.43 Therefore, obesity in individuals with estab-
lished cardiovascular disease or heart failure may have a sur-
vival advantage over normal weight patients, which could be 
an explanation for the lower mortality risk observed in obese 
older adults.

Limitations of BMI in older adults, such as decrease in 
height and redistribution of fat mass associated with aging,23 
may also obscure the true association between obesity and 
mortality risk. Waist circumference provides a better indica-
tor of body fat distribution than BMI and thus may be a more 
useful measure to predict mortality in the elderly.30 Waist cir-
cumference is associated with morbidity and mortality inde-
pendent of BMI in young and old,44–47 likely because of the 
strong association between waist circumference and visceral 
fat.48 Older adults have more visceral fat than younger adults 
for a given BMI,49 which may in part explain why older adults 
are at an elevated health risk for certain negative metabolic 
health outcomes.6 Waist-to-hip ratio has also been demon-
strated to be a better predictor of higher mortality risk in older 
adults than BMI.50,51 Thus, because of the significant changes 
in body composition that may be masked by BMI in older 
adults, measures of body fat distribution, such as waist circum-
ference or waist-to-hip ratio, may be more valuable than BMI 
when assessing mortality risk in older populations. However, 
Kuk and Ardern reported that the association between obe-
sity and mortality risk remained negative when obesity was 
assessed using BMI or waist circumference.7 Nevertheless, the 
association between obesity and mortality risk in older adults 
remains controversial.

This controversy may also be in part because of changes 
in obesity over the lifespan. In particular, body weight 

 fluctuations during middle age and between middle and old 
age may also be important to consider when assessing mor-
tality risk in older adults. Several studies have reported that 
weight loss between middle age and old age52,53 may be asso-
ciated with higher mortality risk,53,54 as weight loss is often 
associated with underlying disease in older adults.55 Further, 
only weight gain during young and middle adulthood, and 
not weight gain later in life, is associated with higher mortal-
ity risk.53,54 Conversely, other studies report that adults who 
are obese during middle age and continue to gain weight as 
an older adult56,57 may have a significantly higher mortality 
risk compared to those who remain non-obese during both 
age periods. Further, even an obese stable body weight during 
both middle age and old age52 may be associated with higher 
mortality risk compared to those who remain non-obese dur-
ing both age periods. Therefore, it may be important to con-
sider patterns of body weight across the lifespan and not just 
during older age when assessing mortality risk.

Physical Function
Although underweight is associated with poorer physi-
cal function outcomes in older adults,58,59 obesity also puts 
older adults at a higher risk for disability and physical func-
tion impairments, such as sit-to-stand dependence and dif-
ficulty walking short distances,60–66 as well as impairments in 
activities of daily living.58,62,65 Aging is associated with body 
compositional changes that may exacerbate the detrimental 
effects of a high body weight. Among older adults, both older 
age and obesity were associated with greater risk of falls and 
greater impairments in activities of daily living after a fall, 
while obesity was also associated with a lower probability of 
serious injury from a fall.67 Sarcopenic obesity is an increase 
in fat mass that is masked by concomitant reductions in lean 
mass.68 Sarcopenic obesity is associated with higher risk for 
chronic health conditions than having either condition alone, 
and it has recently been suggested that sarcopenic obesity is 
a strong risk factor for frailty,69 leading to falls, worsening 
 disability, co-morbid conditions, hospitalizations, and prema-
ture mortality.70

Older obese adults are at a higher risk for physical dis-
ability and lower quality of life, even when they are not at an 
increased risk for premature mortality. Several longitudinal 
studies have reported that obese older adults were at a signifi-
cantly higher risk for developing arthritis and type 2 diabetes,44 
self-reported and measured functional limitations,35 physical 
disability,10,44 and recovering from a disability31 despite having 
a similar or lower mortality risk as normal weight older adults. 
This may result in a large proportion of obese older adults liv-
ing the last years of their life with functional disability and 
co-morbid health conditions.

Osteoarthritis
Osteoarthritis is the most prevalent form of arthritis and one 
of the most common sources of pain and disability among 
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elderly adults.71 There is evidence that osteoarthritis is more 
common in women than men.72 Osteoarthritis is most com-
mon in older adults and is exacerbated by obesity, particularly 
in the knee and wrist.73,74 Older women have been reported 
to have a higher prevalence of osteoarthritis than younger 
women with comparable obesity levels.75 Further, a combina-
tion of older age and obesity has been reported to be associated 
with greater risk of knee osteoarthritis, increased prevalence 
of knee osteoarthritis-related pain, stiffness, disease severity, 
and decreased physical function,76 as well as risk of total hip 
replacement because of osteoarthritis.77 There is evidence that 
among older adults, obesity is associated with a greater risk of 
progressive knee osteoarthritis compared to non-obese;78 how-
ever, this is not supported by all studies.79 In older Americans, 
the number of quality-adjusted life years lost was greater in 
those with both obesity and knee osteoarthritis (3.5 years) 
compared to those with obesity (2.5 years) or knee arthritis  
(1.9 years) alone.80 The time course of obesity may also be 
important in the development of osteoarthritis, as a sustained 
high BMI throughout adulthood was associated with the 
highest risk of osteoarthritis.81 Therefore, there is unequivo-
cal evidence that obesity is associated with risk and burden of 
osteoarthritis, particularly in older women.

Osteoporosis
Osteoporosis is the age-related microarchitectural deteriora-
tion of bone leading to skeletal fragility and fractures.82 Tra-
ditionally, obesity has been considered to be associated with 
increased bone mineral density and protective against osteo-
porosis,83–86 likely because of a greater mechanical loading on 
the bone as a result of larger body mass.87 One study reported 
that obese postmenopausal women developed osteopenia 
3–5 years after post-menopause compared to normal weight 
women. However, this was mainly because of a higher bone 
mineral content at baseline as rate of bone loss was similar 
between lean and obese women.88

Whether obesity is indeed protective for risk of osteo-
porosis has recently been questioned. Zhao et al demonstrate 
that fat mass is negatively associated with bone mass after 
adjusting for the mechanical loading effect of body weight on 
bone mass.87 Furthermore, young adult females who gained 
weight over five years had higher bone mineral density but 
lower bone strength when normalized for body weight com-
pared to stable weight females.89 Similarly, waist circumfer-
ence has been positively associated with risk of osteoporosis90 
and inversely associated with bone mineral density90–93 inde-
pendent of body mass. Conversely, others have also reported 
that in older postmenopausal women, a high waist circumfer-
ence may be beneficial for bone mineral density and osteopo-
rosis94 independent of BMI.86

The association between obesity and fracture risk is 
more controversial. A meta-analysis reported that low BMI 
was associated with an increased risk of osteoporotic fracture, 
whereas a high BMI was associated with a lower risk.95 Age is 

associated with increased risk of osteoporotic fracture, while 
higher body fat percentage is associated with lower osteo-
porotic fracture risk in women.96 Conversely, another study 
reported that increasing age and BMI were associated with a 
higher risk of vertebral fracture, despite obese adults having 
a higher bone mineral density.97 Furthermore, in postmeno-
pausal Japanese women, obesity is associated with higher risk 
of vertebral fracture, and similar risk of femoral neck and long-
bone fracture, independent of bone mineral density.98 Finally, 
another study reported that obese women were more likely to 
experience incident ankle or upper leg fracture, but not wrist 
fracture, compared to non-obese women.99 The complex asso-
ciation between obesity and fracture risk may be because of 
the differential effects of obesity on fall risk and bone strength. 
Although obesity may be associated with higher bone mineral 
density, it is also associated with increased fall risk.67 Further, 
the increased subcutaneous adipose tissue thickness is also 
hypothesized to act as a cushion, protecting against bone frac-
tures.100 Nevertheless, whether or not obesity, as determined 
by BMI, body fat percentage or waist circumference is indeed 
beneficial for osteoporosis, or fracture risk is still not estab-
lished and requires further investigation.

Cognitive Function
Obesity may also have detrimental effects on the brain and is 
associated with increased risk of cognitive decline.14 BMI has 
been reported to be independently associated with decreased 
attention, processing speed, and fine motor speed across the 
life span, and obesity-related deficits in executive function 
may be exacerbated with increasing age.101 Furthermore, 
studies have demonstrated that obese older adults perform 
poorer on tests of memory14,102 as well as tests that measure 
global cognitive function and psychomotor speed102 than their 
leaner counterparts.

Obesity has also been associated with increased risk of 
specific types of dementia, such as Alzheimer’s disease.103,104 
A higher BMI is also associated with lower brain volume in 
older patients who have already been diagnosed with mild 
cognitive impairment or Alzheimer’s disease.105 Some stud-
ies suggest that obesity is associated with risk of dementia in 
middle-aged adults but may be protective for dementia risk in 
older adults.106,107 However, this paradoxical relationship may 
be partly explained by the fact that unintentional weight loss 
is positively associated with increasing severity of dementia, 
and may even be a symptom before diagnosis.108 Clearly, more 
studies are needed to clarify the complex association between 
body weight, age, and dementia.

Breast Cancer
Although there is evidence that obesity increases the risk 
for some types of cancer,109 whether there is an interac-
tion between obesity and age on cancer risk is less estab-
lished. Most evidence supporting an interaction between age 
and obesity is for breast cancer. The proportion of women 
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 diagnosed with breast cancer aged 65 and older has increased 
3% over the past several decades, with an increase in obesity 
likely being a contributing factor.110 Although both older age 
and obesity are associated with breast cancer risk,111,112 the 
association between obesity and breast cancer risk may also 
depend on menopausal status.113,114 While obesity is posi-
tively associated with breast cancer risk in postmenopausal 
women,115–118 there is evidence that obesity has no association 
or an inverse association with breast cancer risk in premeno-
pausal women.115,116,118 In contrast, obesity was reported to be 
associated with a higher breast cancer risk for premenopausal 
women but not postmenopausal women in a population at 
high risk for breast cancer.119

Obesity is associated with worse prognosis for breast 
cancer regardless of menopausal status.120 In both premeno-
pausal and postmenopausal women, obesity has been associ-
ated with large tumor size and high histological grade.113,120 
This is because obese women are more likely to have their 
breast cancer detected via imaging techniques rather than 
clinical or self-examination, and have a higher proportion of 
large tumors and lymph node metastases at diagnosis com-
pared to non-obese women.121 Several studies have shown that 
obesity is associated with increased mortality risk in women 
with breast cancer independent of age.122–124 Furthermore, 
in pre- and postmenopausal women, both adult obesity and 
significant weight gain after diagnosis have been associated 
with a higher mortality risk in women with breast cancer com-
pared to those with normal weight and stable weight, respec-
tively.125–127 However, the negative effects of weight gain may 
be stronger among premenopausal women compared to post-
menopausal women.120,128 Therefore, there is strong evidence 
for an increased risk of breast cancer in obese postmenopausal 
women, but the prognosis for breast cancer seems to be worse 
for obese women regardless of menopausal status.

Weight Loss in Older Adults
Whether obese older adults should attempt weight loss is a 
controversial issue.11 Weight loss in the elderly has been asso-
ciated with loss of bone mass,129–131 increased risk of frac-
tures,132 higher mortality risk,57,133 and is often accompanied 
by a loss of lean mass.131,134–136 Moreover, a regain in body 
weight does not fully restore lean mass.137 Therefore, preserva-
tion of lean mass may be critical when older adults undergo 
a weight loss intervention. Many studies have demonstrated 
that including exercise as part of the weight loss intervention 
is associated with positive health outcomes, and may allow 
older adults to lose a significant amount of fat mass with no 
or little loss in lean mass,130,134,138,139 have increases in muscle 
strength,130,134,138,139 lose less bone mineral density and bone 
mass,131,135 have improvements in walking speed and physi-
cal function status,138 have mobility-related self-efficacy and 
improvements in pain related to knee osteoarthritis,140 as well 
as have improvements in insulin resistance, metabolic risk fac-
tors, and disabilities.141

When examining weight loss and health outcomes, it is 
important to distinguish between intentional and uninten-
tional weight loss. Unintentional weight loss in the elderly is 
often associated with poor health and disease process lead-
ing to increased mortality risk.55 However, even when weight 
loss is intentional the association with mortality risk in older 
adults is equivocal. Two recent randomized controlled trials 
reported that weight loss as a result of diet or a combination 
of diet and exercise in overweight and obese older adults was 
associated with no excess mortality risk compared to the con-
trol groups.142,143 However, other observational studies have 
reported that intentional weight loss over the long term may 
be associated with higher mortality risk in overweight or obese 
middle-aged and older adults,144 even when there is a lack of 
co-morbid conditions at baseline.144,145

A recent systematic review and meta-analysis of weight 
loss interventions in the elderly concluded that there is a 
lack of high-quality evidence to support weight loss in the 
elderly for metabolic health, physical function, or quality 
of life.146 However, individual studies of weight loss inter-
ventions in the elderly have demonstrated improvements in 
 osteoarthritis-related knee pain,147,148 measures of physical 
functioning,138,149,150 glucose tolerance,151 inflammation,147,150 
HbA1c and muscle strength,152 as well as decreased blood 
pressure and cardiovascular events.153 Intentional and clini-
cally significant weight loss in obese adults has also been asso-
ciated with improvements in attention/executive functioning 
and memory.154–156 However, only two studies have included 
older adults,155,156 and more research is needed to confirm the 
association between weight loss and cognitive function in the 
obese elderly. In addition, to our knowledge there have been 
no studies that have attempted to determine the effects of 
intentional weight loss on cognitive function in obese adults 
with dementia. Although more randomized controlled trials 
are needed to further elucidate the association between weight 
loss and health outcomes in older adults, it seems that inten-
tional weight loss, particularly when achieved partly through 
exercise, may be beneficial for metabolic health, physical func-
tion, and cognitive function in older obese adults.

In summary, the increased prevalence of obesity in the 
growing aging population is a major public health concern, 
and poses a huge threat to health care systems. Although obe-
sity is associated with negative metabolic risk factors in the 
elderly, this association may be attenuated for certain risk fac-
tors in older compared to younger adults. There is much evi-
dence to support that obesity in older adults is associated with 
significantly high risk of osteoarthritis, postmenopausal breast 
cancer, and poor breast cancer prognosis as well as impair-
ments in mobility, activities of daily living, and physical func-
tioning. However, the influence of obesity on mortality risk, 
osteoporosis, and fracture risk in the older adult population is 
still not well understood. Future studies should consider addi-
tional measures of obesity beyond BMI when assessing these 
relationships, such as waist circumference or waist-to-hip 
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ratio, as they are better measures of body fat distribution. In 
addition, considering how body weight changes across the 
lifespan may be equally important when examining risk for 
mortality, cognitive decline, and dementia. Although some 
studies have shown that weight loss interventions in obese 
older adults that include an exercise component are beneficial 
for metabolic health and physical function, more long-term 
studies are needed. In conclusion, the association between 
obesity, weight loss, and health in older adults is more complex 
than in younger adults, and thus the consequences of obesity 
in older adults require further investigation.

Author Contributions
Wrote the first draft of the manuscript: REB. Contributed 
to the writing of the manuscript: JLK. Agree with manu-
script results and conclusions: REB, JLK. Made critical revi-
sions: JLK. All authors reviewed and approved of the final 
manuscript.

DISCLOSURES AND ETHICS
As a requirement of publication the authors have provided signed confirmation of 
their compliance with ethical and legal obligations including but not limited to compli-
ance with iCMJe authorship and competing interests guidelines, that the article is 
neither under consideration for publication nor published elsewhere, of their com-
pliance with legal and ethical guidelines concerning human and animal research 
participants (if applicable), and that permission has been obtained for reproduction 
of any copyrighted material. this article was subject to blind, independent, expert 
peer review. the reviewers reported no competing interests. Provenance: the authors 
were invited to submit this paper.  

REFERENCES
 1. Han TS, Tajar A, Lean ME. Obesity and weight management in the elderly. Br 

Med Bull. 2011;97:169–196.
 2. Patterson RE, Frank LL, Kristal AR, White E. A comprehensive examina-

tion of health conditions associated with obesity in older adults. Am J Prev Med. 
2004;27(5):385–390.

 3. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of obesity among 
adults: United States, 2011–2012. NCHS Data Brief. 2013;131:1–8.

 4. World Health Organization. Global Health Risks: Mortality and Burden of 
 Disease Attributable to Selected Major Risks. Geneva: World Health Organiza-
tion; 2009.

 5. Must A, Spadano J, Coakley EH, Field AE, Colditz G, Dietz WH. The disease 
burden associated with overweight and obesity. JAMA. 1999;282(16):1523–1529.

 6. Canning K, Brown R, Jamnik V, Kuk J. Relationship between obesity and 
obesity-related morbidities weakens with aging. J Gerontol A Biol Sci Med Sci. 
2014;69(1):87–92.

 7. Kuk JL, Ardern CI. Influence of age on the association between various measures 
of obesity and all-cause mortality. J Am Geriatr Soc. 2009;57(11):2077–2084.

 8. Fontaine KR, Redden DT, Wang C, Westfall AO, Allison DB. Years of life lost 
due to obesity. JAMA. 2003;289(2):187–193.

 9. Villareal DT, Apovian CM, Kushner RF, Klein S. Obesity in older adults: tech-
nical review and position statement of the American Society for Nutrition and 
NAASO, The Obesity Society. Obes Res. 2005;13(11):1849–1863.

 10. Al Snih S, Ottenbacher KJ, Markides KS, Kuo Y-F, Eschbach K, Goodwin JS. 
The effect of obesity on disability vs mortality in older Americans. Arch Intern 
Med. 2007;167:774–780.

 11. Waters DL, Ward AL, Villareal DT. Weight loss in obese adults 65 years and 
older: a review of the controversy. Exp Gerontol. 2013;48:1054–1061.

 12. Jensen GL, Hsiao PY. Obesity in older adults: relationship to functional limita-
tion. Curr Opin Clin Nutr Metab Care. 2010;13(1):46–51.

 13. Cheng YJ, Imperatore G, Geiss LS, et al. Secular changes in the age-specific preva-
lence of diabetes among U.S. adults: 1988–2010. Diabetes Care. 2013;36:2690–2696.

 14. Gunstad J, Lhotsky A, Wendell CR, Ferrucci L, Zonderman AB. Longitudinal 
examination of obesity and cognitive function: results from the Baltimore longi-
tudinal study of aging. Neuroepidemiology. 2010;34(4):222–229.

 15. Alexander CM, Landsman PB, Grundy SM. The influence of age and body 
mass index on the metabolic syndrome and its components. Diabetes Obes Metab. 
2008;10:246–250.

 16. Wakabayashi I. Age-dependent influence of gender on the association between 
obesity and a cluster of cardiometabolic risk factors. Gend Med. 2012;9(4): 
267–277.

 17. Dzien A, Winner H, Theurl E, Dzien-Bischinger C, Lechleitner M. Body mass 
index in a large cohort of patients assigned to age decades between 20 and  
80 years: relationship with cardiovascular morbidity and medications. J Nutr 
Health Aging. 2011;15(7):536–541.

 18. Kuk JL, Saunders TJ, Davidson LE, Ross R. Age-related changes in total and 
regional fat distribution. Ageing Res Rev. 2009;8:339–348.

 19. Beaufrère B, Morio B. Fat and protein redistribution with aging: metabolic con-
siderations. Eur J Clin Nutr. 2000;54(S3):S48–S53.

 20. Borkan GA, Hults DE, Gerzof SG, Robbins AH, Silbert CK. Age changes in 
body composition revealed by computed tomography. J Gerontol. 1983;38(6): 
673–677.

 21. Horber FF, Gruber B, Thomi F, Jensen EX, Jaeger P. Effect of sex and age 
on bone mass, body composition and fuel metabolism in humans. Nutrition. 
1997;13(6):524–534.

 22. Cree MG, Newcomer BR, Katsanos CS, et al. Intramuscular and liver triglycer-
ides are increased in the elderly. J Clin Endocrinol Metab. 2004;89(8):3864–3871.

 23. Zamboni M, Zoico E, Scartezzini T, et al. Body composition changes in stable-
weight elderly subjects: the effect of sex. Aging Clin Exp Res. 2003;15(4):321–327.

 24. Carmelli D, McElroy M, Rosenman R. Longitudinal changes in fat distribu-
tion in the Western Collaborative Group Study: a 23-year follow-up. Int J Obes. 
1991;15(1):67–74.

 25. Hughes VA, Roubenoff R, Wood M, Frontera WR, Evans WJ, Fiatarone  
Singh MA. Anthropometric assessment of 10-y changes in body composition in 
the elderly. Am J Clin Nutr. 2004;80:475–482.

 26. Djoussé L, Bartz TM, Ix JH, et al. Adiposity and incident heart failure in older 
adults: the cardiovascular health study. Obesity. 2012;20(9):1936–1941.

 27. Ives D, Traven N, Kuller L, Schulz R. Selection bias and nonresponse to health 
promotion in older adults. Epidemiology. 1994;5(4):456–461.

 28. Peeters A, Barendregt JJ, Willekens F, et al. Obesity in adulthood and its conse-
quences for life expectancy: a life-table analysis. Ann Intern Med. 2003;138:24–32.

 29. Adams KF, Schatzkin A, Harris TB, et al. Overweight, obesity, and mortal-
ity in a large prospective cohort of persons 50 to 71 years old. N Engl J Med. 
2006;355(8):763–778.

 30. Chang S-H, Beason T, Hunleth J, Colditz G. A systematic review of body fat 
distribution and mortality in older people. Maturitas. 2012;72(3):175–191.

 31. Walter S, Kunst A, Mackenback J, Hofman A, Tiemeier H. Mortality and 
disability: the effect of overweight and obesity. Int J Obes (Lond). 2009;33: 
1410–1418.

 32. Beleigoli AM, Boersma E, Diniz Mde F, Lima-Costa MF, Ribeiro AL. Over-
weight and class I obesity are associated with lower 10-year risk of mortal-
ity in Brazilian older adults: the Bambuí Cohort Study of Ageing. PLoS One. 
2012;7(12):e52111.

 33. Flicker L, McCaul KA, Hankey GJ, et al. Body mass index and survival in men 
and women aged 70 to 75. J Am Geriatr Soc. 2010;58(2):234–241.

 34. Berraho M, Nejjari C, Raherison C, et al. Body mass index, disability, and 
13-year mortality in older French adults. J Aging Health. 2010;22(1):68–83.

 35. Lang IA, Llewellyn DJ, Alexander K, Melzer D. Obesity, physical function, and 
mortality in older adults. J Am Geriatr Soc. 2008;56(8):1474–1478.

 36. Stevens J, Cai J, Pamuk E, Williamson D, Thun M, Woods J. The effect of 
age on the association between body mass index and mortality. N Engl J Med. 
1998;338(1):1–7.

 37. Calle EE, Thun MJ, Petrelli JM, Rodriguez C, Heath CW. Body-mass index 
and mortality in a prospective cohort of U.S. adults. N Engl J Med. 1999;341(15): 
1097–1105.

 38. De Hollander EL, Van Zutphen M, Bogers RP, Bemelmans WJ, De Groot LC. 
The impact of body mass index in old age on cause-specific mortality. J Nutr 
Health Aging. 2012;16(1):100–106.

 39. Masters RK, Powers DA, Link BG. Obesity and US mortality risk over the adult 
life course. Am J Epidemiol. 2013;177(5):431–442.

 40. Masters RK, Reither EN, Powers DA, Yang YC, Burger AE, Link BG. The 
impact of obesity on US mortality levels: the importance of age and cohort 
 factors in population estimates. Am J Public Health. 2013;103(10):1895–1901.

 41. Lavie CJ, Milani RV, Artham SM, Patel DA, Ventura HO. The obesity paradox, 
weight loss, and coronary disease. Am J Med. 2009;122(12):1106–1114.

 42. Lavie CJ, Mehra MR, Milani RV. Obesity and heart failure prognosis: paradox 
or reverse epidemiology? Eur Heart J. 2005;26(1):5–7.

 43. Lavie CJ, Milani RV, Ventura HO, Romero-Corral A. Body composition and 
heart failure prevalence and prognosis: getting to the fat of the matter in the 
“obesity paradox”. Mayo Clin Proc. 2010;85(7):605–608.

 44. Janssen I. Morbidity and mortality risk associated with an overweight BMI in 
older men and women. Obesity. 2007;15(7):1827–1840.

http://www.la-press.com


Age-related differences in the consequences of obesity 

31HealtH aging and CliniCal Care in tHe elderly 2014:6

 45. Janssen I, Katzmarzyk PT, Ross R. Waist circumference and not body mass 
index explains obesity-related health risk. Am J Clin Nutr. 2004;79(3):379–384.

 46. Nicklas BJ, Cesari M, Penninx BW, et al. Abdominal obesity is an independent 
risk factor for chronic heart failure in older people. J Am Geriatr Soc. 2006;54(3): 
413–420.

 47. Zaninotto P, Pierce M, Breeze E, de Oliveira C, Kumari M. BMI and waist cir-
cumference as predictors of well-being in older adults: findings from the English 
Longitudinal Study of Ageing. Obesity. 2010;18(10):1981–1987.

 48. Després J-P. Body fat distribution and risk of cardiovascular disease: an update. 
Circulation. 2012;126(10):1301–1313.

 49. Enzi G, Gasparo M, Biondetti P, Fiore D, Semisa M, Zurlo F. Subcutaneous 
and visceral fat distribution according to sex, age, and overweight, evaluated by 
computed tomography. Am J Clin Nutr. 1986;44:739–746.

 50. Srikanthan P, Seeman T, Karlamangla A. Waist-hip-ratio as a predictor of all-
cause mortality in high-functioning older adults. Ann Epidemiol. 2009;19(10): 
724–731.

 51. Price GM, Uauy R, Breeze E, Bulpitt CJ, Fletcher AE. Weight, shape, and 
 mortality risk in older persons: elevated waist–hip ratio, not high body mass index, 
is associated with a greater risk of death. Am J Clin Nutr. 2006;84(2):449–460.

 52. Janssen I, Bacon E. Effect of current and midlife obesity status on mortality risk 
in the elderly. Obesity. 2008;16(11):2504–2509.

 53. Taing KY, Ardern CI, Kuk JL. Effect of the timing of weight cycling during 
adulthood on mortality risk in overweight and obese postmenopausal women. 
Obesity. 2012;20(2):407–413.

 54. Adams KF, Leitzmann MF, Ballard-Barbash R, et al. Body mass and weight 
change in adults in relation to mortality risk. Am J Epidemiol. 2014;179(2): 
135–144.

 55. Andres R, Muller D, Sorkin J. Long-term effects of change in body weight on 
all-cause mortality. A review. Ann Intern Med. 1993;119(7 pt 2):737–743.

 56. Zheng H, Tumin D, Qian Z. Obesity and mortality risk: new findings from body 
mass index trajectories. Am J Epidemiol. 2013;178(11):1591–1599.

 57. Zajacova A, Ailshire J. Body mass trajectories and mortality among older adults: 
a joint growth mixture-discrete-time survival analysis. Gerontologist. 2014;54(2): 
221–231.

 58. Gadalla TM. Relative body weight and disability in older adults: results from 
a national survey. J Aging Health. 2010;22(4):403–418.

 59. Hubbard RE, Lang IA, Llewellyn DJ, Rockwood K. Frailty, body mass index, 
and abdominal obesity in older people. J Gerontol A Biol Sci Med Sci. 2010;65(4): 
377–381.

 60. Bohannon RW. Body mass index and mobility of older home care patients. 
 Physiother Theory Pract. 2011;27(6):460–462.

 61. Hergenroeder AL, Wert DM, Hile ES, Studenski SA, Brach JS. Association of 
body mass index with self-report and performance-based measures of balance 
and mobility. Phys Ther. 2011;91(8):1223–1234.

 62. Jenkins KR. Obesity’s effects on the onset of functional impairment among older 
adults. Gerontologist. 2004;44(2):206–216.

 63. Koster A, Penninx BW, Newman AB, et al. Lifestyle factors and incident mobility 
limitation in obese and non-obese older adults. Obesity. 2007;15(12):3122–3132.

 64. Davison KK, Ford ES, Cogswell ME, Dietz W. Percentage of body fat and body 
mass index are associated with mobility limitations in people aged 70 and older 
from NHANES III. J Am Geriatr Soc. 2002;50:1802–1809.

 65. Larrieu S, Pérès K, Letenneur L, et al. Relationship between body mass index 
and different domains of disability in older persons: the 3C study. Int J Obes Relat 
Metab Disord. 2004;28(12):1555–1560.

 66. Stenholm S, Koster A, Alley DE, et al. Joint association of obesity and metabolic 
syndrome with incident mobility limitation in older men and women—results 
from the Health, Aging, and Body Composition Study. J Gerontol A Biol Sci Med 
Sci. 2010;65(1):84–92.

 67. Himes CL, Reynolds SL. Effect of obesity on falls, injury, and disability. J Am 
Geriatr Soc. 2012;60(1):124–129.

 68. Gallagher D, Ruts E, Visser M, et al. Weight stability masks sarcopenia in 
elderly men and women. Am J Physiol Endocrinol Metab. 2000;279:E366–E375.

 69. Jarosz PA, Bellar A. Sarcopenic obesity: an emerging cause of frailty in older 
adults. Geriatr Nurs. 2009;30(1):64–70.

 70. Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evidence for a 
phenotype. J Gerontol A Biol Sci Med Sci. 2001;56(3):M146–M156.

 71. Anderson S, Loeser R. Why is osteoarthritis an age-related disease. Best Pract 
Res Clin Rheumatol. 2010;24(1):1–18.

 72. Neogi T, Zhang Y. Epidemiology of OA. Rheum Dis Clin North Am. 2013;39(1):1–19.
 73. Messier SP. Osteoarthritis of the knee and associated factors of age and obesity: 

effects on gait. Med Sci Sports Exerc. 1994;26(12):1446–1452.
 74. Blagojevic M, Jinks C, Jeffery A, Jordan KP. Risk factors for onset of osteoarthri-

tis of the knee in older adults: a systematic review and meta-analysis. Osteoarthr 
Cartil. 2010;18(1):24–33.

 75. Minniti A, Bissoli L, Di Francesco V, et al. Comparison of physical and psy-
chological status in younger and older overweight-obese women. Nutr Metab 
 Cardiovasc Dis. 2011;21(12):909–914.

 76. Ackerman IN, Osborne RH. Obesity and increased burden of hip and knee joint 
disease in Australia: results from a national survey. BMC Musculoskelet Disord. 
2012;13:254.

 77. Karlson EW, Mandl LA, Aweh GN, Sangha O, Liang MH, Grodstein F. Total 
hip replacement due to osteoarthritis: the importance of age, obesity, and other 
modifiable risk factors. Am J Med. 2003;114(2):93–98.

 78. Holt HL, Katz JN, Reichmann WM, et al. Forecasting the burden of advanced 
knee osteoarthritis over a 10-year period in a cohort of 60–64 year old US adults. 
Osteoarthr Cartil. 2011;19(1):44–50.

 79. Niu J, Zhang YQ , Torner J, et al. Is obesity a risk factor for progressive radio-
graphic knee osteoarthritis? Arthritis Rheum. 2009;61(3):329–335.

 80. Losina E, Walensky RP, Reichmann WM, et al. Impact of obesity and knee 
osteoarthritis on morbidity and mortality in older Americans. Ann Intern Med. 
2011;154(4):217–226.

 81. Wills AK, Black S, Cooper R, et al. Life course body mass index and risk of knee 
osteoarthritis at the age of 53 years: evidence from the 1946 British birth cohort 
study. Ann Rheum Dis. 2012;71(5):655–660.

 82. Morin SN, Lix LM, Majumdar SR, Leslie WD. Temporal trends in the inci-
dence of osteoporotic fractures. Curr Osteoporos Rep. 2013;11(4):263–269.

 83. Albala C, Yáñez M, Devoto E, Sostin C, Zeballos L, Santos JL. Obesity as  
a protective factor for postmenopausal osteoporosis. Int J Obes Relat Metab 
 Disord. 1996;20(11):1027–1032.

 84. Graat-Verboom L, Smeenk FW, van den Borne BE, et al. Risk factors for osteo-
porosis in Caucasian patients with moderate chronic obstructive pulmonary 
 disease: a case control study. Bone. 2012;50(6):1234–1239.

 85. Silva H, Mendonca L, Conceicao F, Zahar S, Farias M. Influence of obe-
sity on bone density in postmenopausal women. Arq Bras Endocrinol Metabol. 
2007;51(6):943–949.

 86. Dytfeld J, Ignaszak-Szczepaniak M, Gowin E, Michalak M, Horst-Sikorska W. 
Influence of lean and fat mass on bone mineral density (BMD) in post-
menopausal women with osteoporosis. Arch Gerontol Geriatr. 2011;53(2): 
e237–e242.

 87. Zhao L-J, Liu Y-J, Liu P-Y, Hamilton J, Recker RR, Deng H-W. Relationship of 
obesity with osteoporosis. J Clin Endocrinol Metab. 2007;92(5):1640–1646.

 88. Saarelainen J, Kiviniemi V, Kröger H, et al. Body mass index and bone loss 
among postmenopausal women: the 10-year follow-up of the OSTPRE cohort.  
J Bone Miner Metab. 2012;30(2):208–216.

 89. Petit MA, Beck TJ, Hughes JM, Lin H, Bentley C, Lloyd T. Proximal femur 
mechanical adaptation to weight gain in late adolescence: a six-year longitudinal 
study. J Bone Miner Res. 2008;23(2):180–188.

 90. Bhupathiraju SN, Dawson-Hughes B, Hannan MT, Lichtenstein AH, Tucker  KL. 
Centrally located body fat is associated with lower bone mineral density in older 
Puerto Rican adults. Am J Clin Nutr. 2011;94:1063–1070.

 91. Chung W, Lee J, Ryu O-H. Is the negative relationship between obesity and 
bone mineral content greater for older women? J Bone Miner Metab. 2013. 
doi:10.1007/s00774-013-0519-9.

 92. Kim JH, Choi HJ, Kim MJ, Shin CS, Cho NH. Fat mass is negatively associated 
with bone mineral content in Koreans. Osteoporos Int. 2012;23(7):2009–2016.

 93. Kim K-C, Shin D-H, Lee S-Y, Im J-A, Lee D-C. Relation between obesity and 
bone mineral density and vertebral fractures in Korean postmenopausal women. 
Yonsei Med J. 2010;51(6):857–863.

 94. Chang CS, Chang YF, Wang MW, et al. Inverse relationship between central 
obesity and osteoporosis in osteoporotic drug naive elderly females: the Tianliao 
Old People (TOP) Study. J Clin Densitom. 2013;16(2):204–211.

 95. De Laet C, Kanis JA, Odén A, et al. Body mass index as a predictor of fracture 
risk: a meta-analysis. Osteoporos Int. 2005;16(11):1330–1338.

 96. Moayyeri A, Luben RN, Wareham NJ, Khaw K-T. Body fat mass is a predictor of 
risk of osteoporotic fractures in women but not in men: a prospective population 
study. J Intern Med. 2012;271(5):472–480.

 97. Pirro M, Fabbriciani G, Leli C, et al. High weight or body mass index increase 
the risk of vertebral fractures in postmenopausal osteoporotic women. J Bone 
Miner Metab. 2010;28(1):88–93.

 98. Tanaka S, Kuroda T, Saito M, Shiraki M. Overweight/obesity and underweight 
are both risk factors for osteoporotic fractures at different sites in Japanese post-
menopausal women. Osteoporos Int. 2013;24(1):69–76.

 99. Compston JE, Watts NB, Chapurlat R, et al. Obesity is not protective against 
fracture in postmenopausal women: GLOW. Am J Med. 2011;124(11):1043–1050.

 100. Greenspan SL, Myers ER, Maitland LA, Resnick NM, Hayes WC. Fall severity 
and bone mineral density as risk factors for hip fracture in ambulatory elderly. 
JAMA. 1994;271(2):128–133.

 101. Stanek KM, Strain G, Devlin M, et al. Body mass index and neurocognitive 
functioning across the adult lifespan. Neuropsychology. 2013;27(2):141–151.

 102. Benito-León J, Mitchell AJ, Hernández-Gallego J, Bermejo-Pareja F. Obesity 
and impaired cognitive functioning in the elderly: a population-based cross-
sectional study (NEDICES). Eur J Neurol. 2013;20(6):899–906.

 103. Barrett-Connor E. An introduction to obesity and dementia. Curr Alzheimer Res. 
2007;4:97–101.

http://www.la-press.com


Brown and Kuk

32 HealtH aging and CliniCal Care in tHe elderly 2014:6

 104. Gustafson D, Rothenberg E, Blennow K, Steen B, Skoog I. An 18-year follow-up of 
overweight and risk of Alzheimer disease. Arch Intern Med. 2003;163(13):1524–1528.

 105. Ho AJ, Raji CA, Becker JT, et al. Obesity is linked with lower brain volume in 
700 AD and MCI patients. Neurobiol Aging. 2010;31(8):1326–1339.

 106. Fitzpatrick A, Kuller L, Lopez O, et al. Mid- and late-life obesity: risk of demen-
tia in the cardiovascular health cognition study. Arch Neurol. 2009;66(3):336–342.

 107. Tolppanen AM, Ngandu T, Kåreholt I, et al. Midlife and late-life body mass 
index and late-life dementia: results from a prospective population-based cohort. 
J Alzheimers Dis. 2014;38(1):201–209.

 108. Albanese E, Taylor C, Siervo M, Stewart R, Prince MJ, Acosta D. Dementia 
severity and weight loss: a comparison across eight cohorts. The 10/66 study. 
Alzheimers Dement. 2013;9:649–656.

 109. Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass index 
and incidence of cancer: a systematic review and meta-analysis of prospective 
observational studies. Lancet. 2008;371(9612):569–578.

 110. Sinha R, Coyle C, Ring A. Breast cancer in older patients: national cancer regis-
try data. Int J Clin Pract. 2013;67(7):698–700.

 111. Lacey JV Jr, Kreimer AR, Buys SS, et al. Breast cancer epidemiology according 
to recognized breast cancer risk factors in the Prostate, Lung, Colorectal and 
Ovarian (PLCO) Cancer Screening Trial Cohort. BMC Cancer. 2009;9:84.

 112. Ziegler RG, Hoover RN, Nomura AM, et al. Relative weight, weight change, 
height, and breast cancer risk in Asian-American women. J Natl Cancer Inst. 1996; 
88(10):650–660.

 113. Rose DP, Vona-Davis L. Influence of obesity on breast cancer receptor status and 
prognosis. Expert Rev Anticancer Ther. 2009;9(8):1091–1101.

 114. Rose DP, Vona-Davis L. Interaction between menopausal status and obesity in 
affecting breast cancer risk. Maturitas. 2010;66(1):33–38.

 115. Suzuki S, Kojima M, Tokudome S, et al. Obesity/weight gain and breast cancer 
risk: findings from the Japan collaborative cohort study for the evaluation of can-
cer risk. J Epidemiol. 2013;23(2):139–145.

 116. van den Borne PA, Spiegelman D, Yaun SS, et al. Pooled analysis of prospec-
tive cohort studies on height, weight, and breast cancer risk. Am J Epidemiol. 
2000;152(6):514–527.

 117. White KK, Park S-Y, Kolonel LN, Henderson BE, Wilkens LR. Body size and 
breast cancer risk: the Multiethnic Cohort. Int J Cancer. 2012;131(5):E705–E716.

 118. Lahmann PH, Hoffmann K, Allen N, et al. Body size and breast cancer risk: 
findings from the European Prospective Investigation into Cancer and Nutrition 
(EPIC). Int J Cancer. 2004;111(5):762–771.

 119. Cecchini RS, Costantino JP, Cauley JA, et al. Body mass index and the risk for 
developing invasive breast cancer among high-risk women in NSABP P-1 and 
STAR breast cancer prevention trials. Cancer Prev Res. 2012;5(4):583–592.

 120. Loi S, Milne RL, Friedlander ML, et al. Obesity and outcomes in premenopausal 
and postmenopausal breast cancer. Cancer Epidemiol Biomarkers Prev. 2005;14(7): 
1686–1691.

 121. Haakinson DJ, Leeds SG, Dueck AC, et al. The impact of obesity on breast 
cancer: a retrospective review. Ann Surg Oncol. 2012;19(9):3012–3018.

 122. Maskarinec G, Pagano I, Lurie G, Bantum E, Gotay CC, Issell BF. Factors 
affecting survival among women with breast cancer in Hawaii. J Womens Health 
(Larchmt). 2011;20(2):231–237.

 123. Ewertz M, Jensen MB, Gunnarsdóttir KÁ, et al. Effect of obesity on prognosis 
after early-stage breast cancer. J Clin Oncol. 2011;29(1):25–31.

 124. Chang S, Pollack LM, Colditz GA. Obesity, mortality, and life years lost associ-
ated with breast cancer in nonsmoking US Women, National Health Interview 
Survey, 1997–2000. Prev Chronic Dis. 2013;10:E186.

 125. Whiteman MK, Hillis SD, Curtis KM, McDonald JA, Wingo PA, Marchbanks PA. 
Body mass and mortality after breast cancer diagnosis. Cancer Epidemiol Biomarkers 
Prev. 2005;14(8):2009–2014.

 126. Nichols HB, Trentham-Dietz A, Egan KM, et al. Body mass index before and after 
breast cancer diagnosis: associations with all-cause, breast cancer, and cardiovas-
cular disease mortality. Cancer Epidemiol Biomarkers Prev. 2009;18(5):1403–1409.

 127. Cleveland RJ, Eng SM, Abrahamson PE, et al. Weight gain prior to diagnosis 
and survival from breast cancer. Cancer Epidemiol Biomarkers Prev. 2007;16(9): 
1803–1811.

 128. Protani M, Coory M, Martin JH. Effect of obesity on survival of women with 
breast cancer: systematic review and meta-analysis. Breast Cancer Res Treat. 2010; 
123(3):627–635.

 129. Ensrud KE, Fullman RL, Barrett-Connor E, et al. Voluntary weight reduction 
in older men increases hip bone loss: the osteoporotic fractures in men study.  
J Clin Endocrinol Metab. 2005;90(4):1998–2004.

 130. Villareal DT, Chode S, Parimi N, et al. Weight loss, exercise, or both and physi-
cal function in obese older adults. N Engl J Med. 2011;364(13):1218–1229.

 131. Shah K, Armamento-Villareal R, Parimi N, et al. Exercise training in obese 
older adults prevents increase in bone turnover and attenuates decrease in hip 
bone mineral density induced by weight loss despite decline in bone-active 
 hormones. J Bone Miner Res. 2011;26(12):2851–2859.

 132. Ensrud K, Cauley J, Lipschutz R, Cummings S. Weight change and fractures in 
older women. Study of Osteoporotic Fractures Research Group. Arch Intern Med. 
1997;157(8):857–863.

 133. Lee CG, Boyko EJ, Nielson CM, et al. Mortality risk in older men associated with 
changes in weight, lean mass and fat mass. J Am Geriatr Soc. 2011;59(2):233–240.

 134. Frimel T, Sinacore D, Villareal D. Exercise attenuates the weight-loss reduction 
in muscle mass in frail obese older adults. Medicine. 2008;40(7):1213–1219.

 135. Armamento-Villareal R, Sadler C, Napoli N, et al. Weight loss in obese older 
adults increases serum sclerostin and impairs hip geometry but both are pre-
vented by exercise training. J Bone Miner Res. 2012;27(5):1215–1221.

 136. Kelly KR, Haus JM, Solomon TP, et al. A low-glycemic index diet and exercise 
intervention reduces TNFa in isolated mononuclear cells of older, obese adults.  
J Nutr. 2011;141:1089–1094.

 137. Newman AB, Lee JS, Visser M, et al. Weight change and the conservation of 
lean mass in old age: the Health, Aging and Body Composition Study. Am J Clin 
Nutr. 2005;82:872–878.

 138. Villareal DT, Banks M, Sinacore DR, Siener C, Klein S. Effect of weight loss and 
exercise on frailty in obese older adults. Arch Intern Med. 2006;166(8):860–866.

 139. Shah K, Stufflebam A, Hilton TN, Sinacore DR, Klein S, Villareal DT. Diet 
and exercise interventions reduce intrahepatic fat content and improve insulin 
sensitivity in obese older adults. Obesity. 2009;17(12):2162–2168.

 140. Focht BC, Rejeski WJ, Ambrosius WT, Katula JA, Messier SP. Exercise, self-
efficacy, and mobility performance in overweight and obese older adults with 
knee osteoarthritis. Arthritis Rheum. 2005;53(5):659–665.

 141. Darmon P. Intentional weight loss in older adults: useful or wasting disease 
 generating strategy? Curr Opin Clin Nutr Metab Care. 2013;16(3):284–289.

 142. Shea MK, Houston DK, Nicklas BJ, et al. The effect of randomization to weight 
loss on total mortality in older overweight and obese adults: the ADAPT Study. 
J Gerontol A Biol Sci Med Sci. 2010;65A(5):519–525.

 143. Shea MK, Nicklas BJ, Houston DK, et al. The effect of intentional weight loss on 
all-cause mortality in older adults: results of a randomized controlled weight-loss 
trial. Am J Clin Nutr. 2011;94:839–846.

 144. Yaari S, Goldbourt U. Voluntary and involuntary weight loss: associations with 
long term mortality in 9,228 middle-aged and elderly men. Am J Epidemiol. 1998; 
148(6):546–555.

 145. Sørensen TI, Rissanen A, Korkeila M, Kaprio J. Intention to lose weight, weight 
changes, and 18-y mortality in overweight individuals without co-morbidities. 
PLoS Med. 2005;2(6):e171.

 146. Witham MD, Avenell A. Interventions to achieve long-term weight loss in obese 
older people: a systematic review and meta-analysis. Age Ageing. 2010;39(2): 
176–184.

 147. Messier SP, Mihalko SL, Legault C, et al. Effects of intensive diet and exer-
cise on knee joint loads, inflammation, and clinical outcomes among overweight 
and obese adults with knee osteoarthritis: the IDEA randomized clinical trial. 
JAMA. 2013;310(12):1263–1273.

 148. Messier SP, Loeser RF, Miller GD, et al. Exercise and dietary weight loss in 
overweight and obese older adults with knee osteoarthritis: the Arthritis, Diet, 
and Activity Promotion Trial. Arthritis Rheum. 2004;50(5):1501–1510.

 149. Rejeski WJ, Focht BC, Messier SP, Morgan T, Pahor M, Penninx B. Obese, 
older adults with knee osteoarthritis: weight loss, exercise, and quality of life. 
Health Psychol. 2002;21(5):419–426.

 150. Nicklas BJ, Ambrosius W, Messier SP, et al. Diet-induced weight loss, exercise, 
and chronic inflammation in older, obese adults: a randomized controlled clinical 
trial. Am J Clin Nutr. 2004;79(4):544–551.

 151. Colman E, Katzel LI, Rogus E, Coon P, Muller D, Goldberg AP. Weight loss 
reduces abdominal fat and improves insulin action in middle-aged and older men 
with impaired glucose tolerance dietary and weight loss program hyperglycemic 
clamp protocol. Metabolism. 1995;44(11):1502–1508.

 152. Dunstan DW, Daly RM, Owen N, et al. High-intensity resistance training 
improves glycemic control in older patients with type 2 diabetes. Diabetes Care. 
2002;25(10):1729–1736.

 153. Whelton PK, Appel LJ, Espeland MA, et al. Sodium reduction and weight loss 
in the treatment of hypertension in older persons: a randomized controlled trial 
of nonpharmacologic interventions in the elderly (TONE). TONE Collaborative 
Research Group. JAMA. 1998;279(11):839–846.

 154. Siervo M, Arnold R, Wells JC, et al. Intentional weight loss in overweight and 
obese individuals and cognitive function: a systematic review and meta-analysis. 
Obes Rev. 2011;12:968–983.

 155. Siervo M, Nasti G, Stephan BC, et al. Effects of intentional weight loss on physi-
cal and cognitive function in middle-aged and older obese participants: a pilot 
study. J Am Coll Nutr. 2012;31(2):79–86.

 156. Witte AV, Fobker M, Gellner R, Knecht S, Floel A. Caloric restriction improves 
memory in elderly humans. Proc Natl Acad Sci U S A. 2009;106(4):1255–1260.

http://www.la-press.com

