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Abstract Weight loss in older adults has been a controversial
topic for more than a decade. An obesity paradox has been
previously described and the issue of weight status on health
outcomes remains a highly debated topic. However, there is
little doubt that physical activity (PA) has a myriad of benefits
in older adults, especially in obese individuals who are inac-
tive and have a poor cardiometabolic profile. In this review,
we offer a critical view to clarify misunderstandings regarding
the obesity paradox, particularly as it relates to obese older
adults. We also review the evidence on PA and lifestyle
interventions for the improvement of cardiorespiratory fitness,
which can prevent disease and provide benefits to obese older
adults, independent of weight changes.
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Introduction

Overweight and obesity are defined as abnormal or
excessive fat accumulation that may impair health [1].
Current estimates classify more than 1.46 billion indi-
viduals globally as overweight, of whom, half a billion
are obese. In the USA, obesity is associated with more
than 112,000 deaths per year and an estimated annual
medical cost close to 150 billion US dollars [2]. In
2008, the Obesity Society produced a white paper that
reviewed the evidence and implications of classifying
obesity as a disease [3•]. More recently, obesity has
been recognized as such by the American Association
of Clinical Endocrinologist [4] and the American
Medical Association [5].

Obesity affects all age groups with current concerns focus-
ing primarily on children, adolescents, and younger adults.
Notwithstanding, the prevalence of obesity and obesity-
related conditions continues to increase in older adults [2].
In older adults, all four geriatric domains are affected by
obesity: medical (type 2 diabetes [T2D], cardiovascular dis-
ease [CVD], hypertension, stroke, breast cancer, colon cancer,
gallbladder disease, osteoarthritis, and others), functional (im-
paired mobility and disability [6]), social (stigmatization, iso-
lation, and others [7]), and psychological (depression [7] and
dementia [8]).

There is evidence to support that moderate, intentional
weight loss (IWL) has a beneficial effect on comorbidities,
functional status, and quality of life, provided that regular
physical activity (PA) is implemented [9]. Nevertheless, there
is controversy regarding the impact of body weight and IWL
in this age group, hence the need for further research to
understand the most appropriate strategies and prescriptions
for older adults [10]. This review aims to provide a critical
discussion of the obesity paradox, PA, and IWL for the pre-
vention of disease in obese older adults.
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Obesity and Diseases in Older Adults

Obesity has been attributed mostly to an imbalance between
caloric intake and caloric expenditure [11], and has been
linked to a self-perpetuating vicious cycle of poor health and
function, poorer quality of life, and accelerated morbidity and
mortality (Fig. 1). Obesity is associated with a greater number
of deaths worldwide than underweight, affecting the econom-
ically disadvantaged at an equal or greater rate than those in
developed nations [1]. As we expand our knowledge on the
biochemical, hormonal, and pathophysiological pathways in-
volved in the development and persistence of obesity, we
become aware of additional abnormalities that makes the
process of weight gain so difficult and challenging to reverse
[12]. However, the discussion regarding obesity as a disease
and its specific pathophysiological pathways are beyond the
scope of this review.

Obesity and Type 2 Diabetes (T2D)

Obesity has been described by DeFronzo et al. as the single
most important factor responsible for the epidemic increase in
T2D over the last 20 years. Weight gain and physical inactiv-
ity lead to insulin resistance, placing an increased insulin
secretory demand on beta cells [13]. Older adults are at high
risk for T2D due to the combined effects of increasing insulin
resistance and impaired pancreatic islet functionwith aging, as
reported by Kirkman et al. [14]. They summarize the patho-
phys io logy and epidemiology of T2D in older

adults, including the relevant demographic implications in
the development of the disease and its complications. It is
noteworthy that the prevalence of T2D seen in this age group
results from the combination of newly diagnosed with long-
standing cases, with varying clinical characteristics and impli-
cations for individualized interventions.

Obesity, Cardiovascular Disease (CVD), and Mortality

Obesity can produce hemodynamic alterations that predispose
older adults to changes in cardiac morphology and ventricular
function [15]. Obesity is an independent risk factor for the
development and progression of hypertension and CVD [16].
Excess body fat, particularly visceral obesity, is associated with
metabolic abnormalities, which can induce a variety of structural
adaptations and alterations in cardiovascular (CV) structure and
function [17]. The adverse effects of obesity on the development,
severity, and progression of coronary heart disease (CHD) are
also well known [18–21].

The Obesity Paradox and Cardiorespiratory Fitness (CRF)

The obesity paradox is understood as a decreased mortality and
complications reportedly seen among older patients with obesity,
whereas leaner counterparts had higher incidence of major in-
hospital complications, including cardiac death. Grabowski and
Ellis were among the first to report that higher BMI levels did not
predict mortality in older adults [22]. Later, Gruberg et al. ob-
served that, in patients who underwent percutaneous CV

Fig. 1 The results from inertia and intervention for obesity in older
adults: Negative cycle (a): Without intervention, poor fitness, and fatness
are followed by negative outcomes, disease, disability, and ultimately
death. Positive cycle (b): Improved cardiorespiratory fitness even with

only modest weight loss, prevents disease and may prolong survival.
While major events (i.e., hospitalization, disease, etc.) may hinder the
white arrow and interrupt the cycle, the benefits often continue as long as
regular exercise and healthy diet are maintained
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intervention, those with “very lean” and normal weight were at
higher risk for in-hospital complications, cardiac death, and 1-
year mortality [23]. Then, Hainer and Alhoon-Hainerová [24]
support the case for an obesity paradox in CHD, heart failure,
T2D, hypertension, peripheral artery disease, stroke, thrombo-
embolism, and kidney and pulmonary diseases. In contrast, other
investigations have not revealed evidence supporting the obesity
paradox. Carnethon et al. [25] conducted a pooled analysis of
five longitudinal cohort studies for a total of 2,625 participants
with incident T2D. They found that overweight and obese
individuals had higher mortality rates compared to those with
normal weight, even after adjusting for demographic andCVrisk
factors [26]. More recently, Tobias et al. [27] studied more than
10,000 patients from the Nurses’ Health Study and the Health
Professionals Follow-up Study, and found no evidence of an
obesity paradox.

These contrasting findings regarding the obesity paradoxmay
be, as described by Flegal et al. [28••], a consequence from
studies using varying BMI and reference categories, making it
difficult to compare and synthesize results together. Flegal et al.
used sensitivity analyses to address these issues and concluded
that, relative to normal weight, obesity was associated with
significantly higher all-cause mortality, and overweight was
associated with significantly lower all-cause mortality.

Adding further complexity to this issue is the impact of
cardiorespiratory fitness (CRF), as several investigators have
not observed the obesity paradox in populations with higher
levels of CRF [29]. Lavie et al. [30, 31] outline the relative
impact of fitness versus fatness on health outcomes and con-
siders CRF to be the key contributing factor.

McAuley and Beavers [32] offer a review of five observa-
tional cohort studies that included adjusted multivariate anal-
yses for combined fitness-adiposity categories and addressed
the modifying influence of CRF on the obesity paradox in
patients with CV diseases. They analyzed results according to
CRF levels and found that among people with higher levels of
CRF, risk of all-cause mortality is lowest for those with
overweight rather than obesity, an association that was not
seen among those with low CRF levels. Similarly, a recent
meta-analysis conducted by Barry et al. [33] assessed the
relationships between BMI and CRF with all-cause mortality.
Individuals with poor fitness were at twice the risk of death
regardless of BMI, while fit and overweight and obese indi-
viduals had similar mortality risk as their normal-weight
counterparts. Remarkably, CRF is overlooked as a potential
modifier of the inverse association between obesity and mor-
tality in patients with known or suspected CVD, independent
of BMI, waist circumference (WC), or percent body fat.

Alternatively, Banack and Kaufman [34] present evidence
suggesting that the obesity paradox may be a measure of
statistical bias. Preston and Stokes [35] address the potential
confounding bias of smoking. Finally, Zheng et al. [36] ad-
dress the heterogeneity in BMI trajectories among older

populations, and that longitudinal increase in BMI past age
51 was more predictive of mortality risk than static BMI
status.

In conclusion, the true nature of the obesity paradox may
involve multiple factors: methodological problems in older
studies focusing on BMI as the sole index for obesity, the
inability of BMI to discriminate fat tissue from healthy muscle
mass, and the independent association between fat distribution
(i.e., central obesity) and CVD. Most importantly, we are
concerned that misunderstanding the obesity paradox among
medical providers, in the midst of a growing obesity epidemic,
may lead to clinical inertia toward obesity.

Metabolically Healthy Obese: “Fitness and Fatness”

The concept of a metabolically healthy obese individual is
controversial. The most common criteria used is by Wildman
et al. [37], where metabolically healthy obese individuals are
defined as those who have no more than one of the following:
blood pressure >130/85 mmHg or use of antihypertensive drugs,
triglycerides >1.7 mmol/L or use of lipid-lowering drugs, fasting
glucose >5.6 mmol/L or use of medications for diabetes,
HOMA-IR above the 90th percentile among all participants,
and CRP above the 90th percentile among all. Some investiga-
tors, such as Hamer et al. [38], have found that metabolically
healthy obese individuals are not at increased risk of CVD and
all-cause CVD. However, others such as Hinnouho et al. [39]
describe that both metabolically healthy and unhealthy obese
phenotypes carry an elevated risk ofmortality. Kramer et al. [40•]
conducted a systematic review on studies that evaluated all-cause
mortality or CV events according to BMI and metabolic status.
They found that compared with metabolically healthy, normal-
weight individuals, obese persons are at increased risk for ad-
verse long-term outcomes, even in the absence of metabolic
abnormalities, suggesting that there is not a healthy level of
increased weight.

Sarcopenia, Dynapenia, and Functional Status

Sarcopenic obesity is characterized by muscle loss among older,
obese persons or obese persons with severe disease burden or
injury, and the decreased muscle mass or strength increases the
risk for adverse health outcomes [41]. The comorbid disease
burdens associated with obesity contributes to functional decline,
but recent findings further implicate the obesity-associated in-
flammatory milieu, sarcopenia, and impairment of muscle func-
tion and strength in the pathogenesis of disability outcomes [42].
Kalyani et al. describe the pathophysiologic events that lead to
the development of sarcopenic obesity [43•]. They conclude that
while there is no cure for age- or disease-related muscle loss,
regular exercise does help maintain muscle mass and strength,
even though it does not completely halt the biological processes
that ultimately lead to sarcopenia.
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A study by Chung et al. [44] compared cardiovascular risk
factors among 2,943 older adults, according to the presence of
sarcopenia and obesity (sarcopenic obese, sarcopenic
nonobese, nonsarcopenic obese, and nonsarcopenic nonobese
groups) and found that those with sarcopenic obesity had a
higher likelihood of having insulin resistance, metabolic syn-
drome, and CVD risk factors. Of note, they defined sarcopenia
as an appendicular skeletal muscle mass divided by weight
(%) of <1 SD below the sex-specific mean for young adults,
which may differ from other definitions previously used.

The definition of sarcopenia remains under discussion
between international societies, with some arguing for the
inclusion of loss of muscle strength (dynapenia) while
others focus only on decreased muscle mass (sarcopenia
alone). Dynapenia is only partially explained by
sarcopenia, and these two conditions should be considered
independent of one another [45]. Regardless of the defi-
nition, a decrease in muscle strength and increase in body
fatness both greatly influence functional status in old age.
Thus, dynapenic obesity is a concept that needs to be
studied further to establish potential modifiable determi-
nants for preventing functional decline in older persons
[46]. Although there is not a general scientific agreement
on how to define sarcopenia, there is a growing body of
evidence that both sarcopenic obesity and the quality of
muscle mass impact cardiometabolic health, development
of disease, and mortality.

Weight Loss and Lifestyle Interventions for Disease
Prevention in Obese Older Adults

The increasing prevalence of obesity around the world, in-
cluding that observed in older adults, requires immediate
attention. With a growing number of morbidities being linked
to obesity, there is an urgent need for action. In their 2013 fact
sheet, the American Heart Association suggests that
Americans are obese because they “overeat and are sedentary”
[11]. Intensive lifestyle interventions (ILI) have been shown to
be effective in producing improvements in CRF and CV risk
factors, with [47] or without IWL [48]. Successful strategies
for sustained IWL typically include the following: (1) con-
suming fewer calories, (2) increasing PA levels, and (3) mod-
ifying unhealthy behaviors [49].

Diabetes Prevention

For individuals with prediabetes, lifestyle modification is the
cornerstone of T2D prevention, with evidence of a 40–70 %
reduction in relative risk [50] as found in major studies such as
the Finnish Diabetes Prevention Study [51] and the Diabetes
Prevention Program (DPP) [52]. In the DPP, the group

receiving ILI resulted in a loss of body weight that was
disproportionately higher in older participants, an effect which
may be partly explained by the reversibility in age-related
insulin resistance [14]. Among those aged 65 or older, 60 %
met the 7 % weight loss goal at end of core curriculum (2
years), whereas only 43 % of those aged under 45 years did.
Similarly, at the final visit (mean 3.2 years), 63 % of those
aged 65 or older met the weight loss goal, compared with
only 27 % of those under 45 years of age. In multivariate
analyses, being older was the strongest predictor of achieving
prescribed weight loss and ILI activity goals [53]. This influ-
ence of age in the DPP was addressed by Crandall et al. [54],
who concluded that lifestyle modification was exceptionally
effective in preventing diabetes in older individuals; a finding
largely explained by greater weight loss and physical activity.
The DPP also showed that the effects of an ILI can have a
lasting impact on total energy intake up to 9 years later.
Additionally, levels of PA during the long-term follow-up
remained significantly associated with the sustainment of
positive dietary habits. Initial success in achieving IWL, re-
ducing fat and energy intake, and attaining PA goals appear to
predict long-term ability to maintain these changes [55].
Delahanty et al. found in a group of middle age participants
that the following baseline patient characteristics were inde-
pendent and durable predictors of successful IWL: age when
first overweight, fewer previous self-implemented IWL at-
tempts, greater exercise self-efficacy, fewer fat-related dietary
behaviors, greater dietary restraint, and more time spent in
sedentary behaviors. Additionally, improvements in low-fat
diet self-efficacy and dietary restraint skills were independent
predictors of long-term weight outcomes [56]. A population-
based cohort study in Southern Germany investigated the
impact of baseline BMI and BMI change, as well as baseline
WC and changes in WC, on reversion from prediabetes to
normal glucose tolerance (NGT) and maintenance of long-
term NGT [57]. It was concluded that for older adults, IWL
strongly increased the chances of reversal from prediabetes to
NGT irrespective of initial BMI, and that long-term persis-
tence of NGTwas influenced by both initial BMI and changes
in BMI.

Cardiometabolic Outcomes

Low levels of CRF have been associated with an increase in
CVD events in men with T2D [58]. Recently, the Look
AHEAD study compared the effect of an ILI to support and
education in overweight and obese older adults with T2D
[59]. Although the results did not indicate that IWL and
increased PA were associated with reduction in mortality,
CVD, and its complications, individuals in the ILI had lower
levels of prescription drug use, improvements in CVD risk
factors, decreased levels of sleep apnea and depression, and a
higher quality of life [60].
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It has been stated that IWL should not be the primary thera-
peutic goal for obese patients with heart failure.Mild tomoderate
IWL with the aim of improving quality of life and alleviating
other medical conditions may be more reasonable in severely
obese patients [61]. Supporting this opinion, Atkins et al. [62]
reported the results of a prospective cohort study that enrolled
more than 4,000 older adults, age 60 to 79 who were followed
for 11.4 years. The investigators found that sarcopenia and
central adiposity were significantly associated with greater CV
and all-cause mortality and that men with sarcopenic obesity had
the highest risk of all-cause, but not CV mortality.

Sarcopenic Obesity and Functional Decline in Older Adults

Obesity is a known risk factor for mobility limitations in older
adults, a population for which exercise interventions can be
feasibly and effectively implemented. Identification of older
adults at risk for mobility limitations can be accomplished
through routine screening in the ambulatory setting.
Addressing functional deficits and environmental barriers
with exercise and mobility devices can lead to improved
function, safety, and quality of life [63]. Lifestyle interven-
tions incorporating diet and regular exercise appear to be the
optimal treatment for sarcopenic obesity [64]. However, there
is no cure for age- or disease-related muscle loss. Exercise
helps maintain muscle mass and strength, but probably does
not affect the biological process that ultimately leads to
sarcopenia. Consequently, there is a need for innovative inter-
ventions for preserving muscle mass in older adults. The
Lifestyle Interventions and Independence for Elders (LIFE)
study recruited 1,635 sedentary people aged 70 to 89 at risk
for disability. The intervention consisted of a structured,
moderate-intensity PA program, which was compared to a
health education program. The researchers found a reduction
in major mobility disability by more than 2.6 years with the
intervention, suggesting a high level of benefit to mobility
from structured programs while targeting vulnerable older
adults [65].

Other Outcomes

Health care providers seeking to translate lifestyle interven-
tions into clinical practice settings can use evidence-based
practices to guide their decisions on who, how, and when to
treat patients. Patients with T2D and obesity-related condi-
tions benefit from lifestyle modification programs targeting
osteoarthritis and knee pain, physical mobility, fatty liver,
urinary incontinence, sexual dysfunction, sleep apnea, sub-
clinical inflammation, retinopathy, and nephropathy [66]. In
the DPP, overweight and obese adults at high risk for T2D
showed small improvement in most physical and vitality
components of the health-related quality of life (HRQoL),
through IWL and increased PA [67].

Considerations for Effective Implementation

A systematic review by Ali et al. [68] addressed studies that
translated the DPP lifestyle intervention in various community
settings. Despite limitations in the quality of the included
studies, they noted clinically significant levels of IWL in
adults at high risk of T2D. Among participants of an adapted
DPP, Harwell et al. [69] found that the highest percentage of
achievers (weight loss goal of 7 %) were older adults, espe-
cially those who frequently monitored their dietary intake and
markedly increased their PA levels. Ali et al. also suggested
that lay health educators (LHE) can be trained as lifestyle
professionals to help individuals achieve lifestyle intervention
goals at a reduced cost without sacrificing the effectiveness of
the program. West et al. [70] conducted a study to determine
whether an adaptation of the DPP lifestyle program delivered
by lay health educators and conducted in senior centers is
effective in promoting weight loss among older adults. They
successfully trained 20 LHE, who assisted in the recruitment
of participants in senior centers and delivered a well-received
lifestyle intervention. The LHE model provides an effective
mean to deliver health promotion programs and may be par-
ticularly relevant for rural areas with limited access to health
providers. The use of LHE could also be part of a patient-
centric approach in urban locations, such as assisted living
facilities, where it may be feasible to recruit and engage large
number of older adults for lifestyle interventions [71].

Implementation Experience at Miami VA Healthcare System

Observations from our team suggest that the implementation
of evidence-based, exercise programs are feasible in clinical
settings. Enhance Fitness (EF) [72] is an evidence-based,
supervised group exercise program. We were awarded a grant
by the Health Aging Regional Collaborative [73] to imple-
ment EF in the Miami VA Healthcare System. We recruited
overweight and obese older Veterans from the MOVE!
Program [74]. MOVE! is a comprehensive weight manage-
ment program, but lacked an exercise component. In our
older, mostly male Veterans subjects, we found significant
improvements in weight, WC, as well as functional and met-
abolic parameters similar to those seen in larger trials with
greater resources and conducted in more highly controlled
settings. Interestingly, a proportion of our participants did
not lose weight but decreased their WC; although we did not
assess body composition, we hypothesized that with exercise,
they improved their muscle mass and decreased their fat mass,
maintaining the weight and still showing improvements in
medical, functional, and psychosocial outcomes. We also
found improvement in HRQoL and depression scores, and
decreased self-reported utilization of medications for T2D and
hypertension. Participant testimonials describe improvements
in their symptoms of post-traumatic stress disorder and
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improved socialization. The socialization benefits and the
“spirit of the corps,” as commented by our participants, offer
additional interesting avenues for future research in
overweight/obese older adults.

Limitations for Weight Loss and Exercise in Older Adults

Mobility impairment is common in older adults. The most
common risk factors are older age, strength or balance impair-
ment, and chronic diseases such as T2D and osteoarthritis
[63]. Among other studies, the Look AHEAD [75] found that
older adults with diabetes are capable of losing weight and
experience substantial mobility benefits and reduction in knee
pain from doing so. The ILI group had a relative risk reduction
of 48 % in loss of mobility as compared with the support
group. Both weight loss and improved fitness were significant
mediators of this effect. Although it has been shown that older
adults can be very successful and motivated to adhere to IWL/
PA programs, the programs must be tailored for many of the
age-related barrier they face, such as comorbidities, loss of
muscle mass, and frailty [76, 77]. The conditions or diseases
associated with obesity are also barriers for potential interven-
tions for its management and further disease prevention.

In addition, it has been considered that implementing life-
style interventions for all individuals at high risk for diabetes
is not economically feasible, stressing the importance of
implementing preventive measures prior to disease progres-
sion. Moreover, 40–50 % of patients with prediabetes still
progress to T2D despite IWL [13], illustrating the difficulty
in maintaining lifestyle interventions long-term. Kirkman
et al. [14] described that diabetes prevention through lifestyle
intervention be pursued in relatively healthy older adults. A
review by Blüher et al. addressed which individuals should be
targeted for T2D prevention [78]. They mentioned the need to
identify and address key issues in high-risk populations, but
older adults were not mentioned. Similarly, the DPP did not
enroll significant numbers of individuals aged >70 years or
those with functional or cognitive impairment [14], exempli-
fying the lack of attention given to these subpopulations and a
bias toward a perceived lack of benefit.

Health Economic Consequences and the Obese Older Adult

Basu et al. [79] used data from the National Health and
Nutrition Examination Survey (1999–2010) to construct and
validate a micro-simulation model of obesity in the US pop-
ulation for the years 2010 to 2020. Among age groups, obesity
prevalence increased most substantially in the oldest group
(60+ years), from 41 % of the population to 44 %. With
obesity levels in the USA associated with more than 112,000
deaths per year and an estimated annual medical cost close to
150 billion dollars [2], it is obvious that there is a major need
to support preventive lifestyle interventions that can lower

health care costs while offering a broad spectrum of additional
health benefits that targeted pharmacotherapy may not be able
to provide. Given the continued rise in obesity and its associ-
ations with multi-morbidities, impaired mobility and disabil-
ity, depression, dementia, and others, we can only expect costs
to increase unless population-level action is taken
immediately.

Avenell et al. [80] conducted a systematic review of the
long-term effects and economic consequences of treatments
for obesity and the implications for health improvement.
Assuming that high-risk individuals who changed their be-
havior maintained this change over a 2-year period of time, the
cost of combined diet and exercise interventions are compa-
rable to that of other treatments, such as pharmacotherapy. In
the DPP, an economic analysis conducted by Herman et al.
[81] concluded that, over 10 years, the ILI and metformin
groups showed long-term cost savings compared to treatment
as usual. Krukowski et al. [82] reported that a successful,
behavioral lifestyle weight loss intervention delivered by
LHEs could serve as a promising vehicle for the translation
of evidence-based obesity treatment programs in underserved
areas. A cost effectiveness analysis of their study [83] found
that the total estimated cost to implement the ILI was $2,731
per senior center or $165 per participant. With an average
weight loss of 3.7 kg after 4 months, the implementation of the
program cost $45 per kilogram lost. This effective, low cost
intervention certainly offers promise for the dissemination of
cost-effective lifestyle modification interventions in commu-
nity settings. Overall, these results suggest that ILIs represent
good return on investment and highlights the fact that lifestyle
changes are most cost-effective when the lifestyle modifica-
tions are sustained long-term.

Study Case

Mr. MNM is a 72-year-old male with obesity, defined by a
body mass index (BMI) of 34.4 kg/m2. He is 69-in. tall and
weighs 233 lb. He has prediabetes, moderate bilateral knee
osteoarthritis, mild depression, and presents to the clinic ask-
ing how much weight he should lose.

How much IWL is appropriate? Note that if he lost 20 lb,
he would still be considered obese.

Follow Up

Mr. MNM enrolls in a supervised exercise program for older
adults. Not only does he improve his functional parameters,
but also he makes new friends and reports feeling better about
himself. Although he was not clinically depressed at the
beginning of the exercise program, he states that he feels much
better now, with more energy and purpose in life. He has been
recommending that his friends engage in exercise as well. The
“cherry of the pie,” as he describes, is that he lost 10 % of his
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body weight (23 lb) over the last year and had to buy new
pants. Although his weight has decreased to 210 lb, his BMI
(31.0 kg/m2) remains in the obese category. Whether he will
benefit from “remaining obese” or “losing more weight”
remains a matter of discussion. His physicians note that Mr.
MNM, now age 73, has greatly improved his cardiometabolic
profile, as well as his fitness level, physical functionality,
mental health, and socialization.

Discussion and Questions

Mr. MNM lost weight but continues to be obese, albeit met-
abolically healthier.

1. Would the patient benefit from further IWL?
2. Are there any concerns from further IWL?
3. Is there a role for pharmacologic interventions and bariat-

ric surgery in this patient?

Agenda for the Future

Lifestyle interventions focusing on the relative contributions of
IWL and exercise for specific subpopulations of obese older
adults remain a critical research and clinical management and
implementation topic. As mentioned by Kirkman et al. [14], the
DPP did not enroll significant numbers age >70 years or those
with functional or cognitive impairment. A recent systematic
review of randomized controlled trials targeting IWL in obese
older adults showed that only one of the ten included studies
investigated long-term weight maintenance [77], reflecting the
limited evidence available on maintenance of IWL and associat-
ed health implications in this age group. Furthermore, more
research is needed to define in which circumstances dietary
restrictions can be reasonably justified to induce IWL in specific
subpopulations of older adults. For example, in the older
(>80 years), frail individuals, the best course of action may be
to abstain from recommending dietary restriction and IWL [9],
placing the focus on tailored PA programs. Notably, it would be
not feasible to treat all older adults with obesity and risk factors
for diabetes, and future translational research and clinical pro-
grams may help to better channel available resources and efforts
to target those who are the highest risk for diabetes and other
obesity-related morbidities.

There is substantial variation within diverse older popula-
tions for type and level of PA [84]. Statistics on older
Americans illustrate that engagement in leisure-time PA
(hobbies, sports, or exercise) is greater among younger (aged
60 to 69) than older (aged 70 years and older) adults, and
higher among older men than women. Thus, while some
retirees may remain or become more active, travel, and enjoy

the support of family and friends, the trend among older adults is
toward more spent in and around their home engaged in seden-
tary behavior. According to a report from the Centers for Disease
Control and Prevention [85], 22.5 % of those aged 65 and older
were never active and only 15.3%were at a high level of overall
PA. Wang et al. [86] comment that promoting active lifestyles in
the Medicare population, especially overweight and obese
groups, could potentially improve their well-being and save a
substantial amount of health care expenditures. However, despite
the large body of evidence supporting the efficacy of a variety of
PA and behavior change programs to assist older persons to
become active, the majority are yet to become optimally active.
These sedentary obese older adults will be at greater risk for
physical and mental health decline, worsening when their social
support network decreases. This situation clearly represents an
important public health challenge, i.e., how to increase the
engagement of older persons in routine PA [87]. Future research
should consider the influence of the neighborhood environment
on health outcomes and include measures of the social and built
environment [88].

Conclusions

Lifestyle management with increased PA and healthier diet is
feasible and effective for disease prevention in obese older adults.
A modest amount of IWL resulting from exercise and controlled
caloric intake is likely to reflect a positive change, and delay or
prevent the development of T2D. The prevention of CVD and
mortality seem to be mostly related to improvements in CRP
rather thanweight alone, and the prevention of functional decline
requires exercise interventions to preserve muscle mass and
function. Unfortunately, these interventions are still not widely
implemented nor regularly encouraged both by providers and the
healthcare systems, albeit some private insurers started to cover
memberships to gyms. As pointed out by Chrysant et al. [89], the
obesity paradox may be a misnomer that conveys a confusing
message to the general public (e.g., "obesity can be protective")
and may negate national and international efforts working to
improve obesity prevention and safe IWL.As described by Swift
et al. [90], all clinicians must continue educating patients on
lifestyle management with reasonable expectations, and empha-
size that numerous health benefits occur fromPAprograms, even
in the absence of IWL. Obesity and the vicious cycle that results
when left untreated will have negative consequences on all four
geriatric domains, but many remain unsure about implementing
IWL and exercise programs in older adult populations. Further
research is needed to provide clearer guidelines for the medical
community in the treatment of obese older adults, and conflicting
findings on obesity and sarcopenic obesity need to be synthe-
sized and translated in clinically applicable interventions, spe-
cially for vulnerable individuals. Finally, more pragmatic studies
are needed on how best to implement evidence-based programs
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focused on IWL and increasing PA, and how to enhance access
to such lifestyle management programs in “real world” settings.
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