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SUMMARY

We propose a weight-neutral strategy for obesity treatment on the following
grounds: (1) the mortality risk associated with obesity is largely attenuated or
eliminated by moderate-to-high levels of cardiorespiratory fitness (CRF) or phys-
ical activity (PA), (2) most cardiometabolic risk markers associated with obesity
can be improved with exercise training independent of weight loss and by a
magnitude similar to that observed with weight-loss programs, (3) weight loss,
even if intentional, is not consistently associated with lower mortality risk, (4) in-
creases in CRF or PA are consistently associated with greater reductions in mor-
tality risk than is intentional weight loss, and (5) weight cycling is associated with
numerous adverse health outcomes including increased mortality. Adherence to
PAmay improve if health care professionals consider PA andCRF as essential vital
signs and consistently emphasize to their patients the myriad benefits of PA and
CRF in the absence of weight loss.

INTRODUCTION

Obesity prevalence has increased dramatically over the past 40 years. Since 1980, the prevalence of obesity

has doubled in more than 70 countries (GBD 2015 Obesity Collaborators et al., 2017). National Health and

Nutrition Examination Survey (NHANES) data show that obesity prevalence in the United States increased

from 30.5% in 1999-2000 to 42.4% in 2017-2018 (Hales et al., 2020). The 42.4% prevalence in 2017-2018 rep-

resents a �3-fold increase since the 1976-1980 NHANES (Hruby and Hu, 2015). Based on trends in the

Behavioral Risk Factor Surveillance System surveys conducted between 1993 and 2016, prevalence of

obesity in the United States is projected to reach nearly 50% by 2030, and severe obesity (defined as a

bodymass index (BMI) > 40 kg/m2) is expected to become the most common BMI category among women,

non-Hispanic black adults, and low-income adults (Ward et al., 2019).

During approximately the same period that obesity prevalence increased, so did the prevalence of weight

loss attempts (Han et al., 2019; Martin et al., 2018; Montani et al., 2015; Santos et al., 2017; Yaemsiri et al.,

2011). Prevalence of weight loss attempts among U.S. adults increased from 34.3% to 42.2% between 1999-

2000 and 2015-2016 (Han et al., 2019), and data from 2013-2016 NHANES indicated that 49.1% of U.S. adults

tried to lose weight within the past 12months (Martin et al., 2018). Overall, 66.7% of adults with obesity tried

to lose weight (Martin et al., 2018). Since the late 1980s, the prevalence of dieting to lose weight has been at

least 40% among U.S. women and at least 25% among U.S. men (Montani et al., 2015). Data from the United

States are similar to worldwide prevalence of weight-loss attempts, as a meta-analysis of 72 studies,

including 1,184,942 adults, revealed that 42% from the general population and 44% from ethnic-minority

populations reported trying to lose weight (Santos et al., 2017). The increased prevalence of weight loss

attempts is consistent with NHANES 2003-2008 data indicating that 73% of women and 55% of men re-

ported a desire to weigh less (Yaemsiri et al., 2011).

In sum, multiple surveys demonstrate a high prevalence of weight loss attempts over the past 40 years, dur-

ing which, obesity prevalence has increased approximately 3-fold. Thus, the intense focus on weight loss

has not prevented excessive weight gain in recent decades. Moreover, repeated weight loss efforts may

contribute to weight gain, and is undoubtedly associated with the high prevalence of weight cycling, which

is associated with significant health risks (Montani et al., 2006, 2015; Strohacker et al., 2009). This has

created a ‘‘weight loss futile cycle’’ that characterizes the rising prevalence of both obesity and weight
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Figure 1. Weight loss futile cycle

The increased prevalence of obesity during the past 40 years is associated with an increased prevalence of weight loss

attempts.
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loss attempts over the past 4 decades (Figure 1). In addition, the increasing prevalence of obesity and

weight loss attempts has been paralleled by an increase in body weight stigma (Tomiyama et al., 2018),

which in turn is associated with many adverse health outcomes (Sutin and Terracciano, 2017; Tomiyama

et al., 2018; Wu and Berry, 2018), including higher risk of all-cause mortality (Sutin et al., 2015). These risks

disproportionately affect individuals with overweight and obesity.

An important question is whether weight loss should be the primary focus of obesity treatment. Alternative

approaches to treating obesity and associated comorbidities have been proposed wherein weight loss is

not the primary endpoint (Bacon and Aphramor, 2011; Despres, 2015; Gaesser et al., 2011, 2015; Gaesser

and Blair, 2019; King et al., 2009; Ross et al., 2015; Shaibi et al., 2015; Thyfault and Wright, 2016). However,

the comparative benefits of weight loss vs. increasing physical activity (PA) or cardiorespiratory fitness (CRF)

have not been published. Accordingly, the purpose of this review is to address two questions: (1) What is

the magnitude of mortality risk reduction associated with intentional weight loss compared to that associ-

ated with increasing either PA or CRF? and (2) What is the magnitude of cardiovascular disease (CVD) risk

marker reduction associated with weight loss interventions compared with that of PA interventions? An-

swers to these questions can help clarify the controversies surrounding the healthy obesity phenotype

and the ‘‘fat but fit’’ concept (Brown and Kuk, 2015; Eckel et al., 2016; Hsueh et al., 2020; Huang et al.,

2020; Kramer et al., 2013, 2014; Lin et al., 2020; Ortega et al., 2013, 2015, 2018; Roberson et al., 2014;

Yeh et al., 2019). Answers to these questions are also relevant to the recommendations of the American

Heart Association that CRF be considered as an important vital sign (Ross et al., 2016), which may be espe-

cially useful in risk classification of individuals with obesity-related comorbidities.

Despite the well documented importance of CRF as a vital sign (Ross et al., 2016), it is not even mentioned

in current guidelines for management of overweight and obesity (Jensen et al., 2014; Garvey et al., 2016).

Although PA is advocated, it is only in conjunction with a lifestyle program designed to lose weight. In other

words, PA is viewed primarily as a means to create a negative energy balance. This overlooks the important

health benefits of PA independent of weight loss. Consequently, answers to the two questions stated

above are essential to clarify the comparative importance of weight loss and increasing PA and/or CRF

for reducing obesity-related mortality and morbidity.
THE BMI – MORTALITY RELATIONSHIP: INFLUENCE OF CARDIORESPIRATORY FITNESS

AND PHYSICAL ACTIVITY

Conventional wisdom holds that a high BMI increases mortality risk, with the BMI range of 18.5-<25 kg/m2

generally associated with lowest mortality risk, and risk increasing as BMI increases throughout the range of

BMIs classified as overweight and obese (Aune et al., 2016; Global BMI Mortality Collaboration et al., 2016).
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However, the relationship between BMI and mortality is by no means clear-cut, as meta-analyses per-

formed during the past 10 years have demonstrated (Aune et al., 2016; Flegal et al., 2013; Global BMI Mor-

tality Collaboration et al., 2016; Jiang et al., 2019; Winter et al., 2017; Winter et al., 2014). Although some

meta-analyses have indicated higher mortality risk among adults throughout the range of BMIs >25 kg/m2

(Aune et al., 2016; Global BMIMortality Collaboration et al., 2016), others have not (Flegal et al., 2013; Jiang

et al., 2019; Winter et al., 2014, 2017). In the meta-analysis by Flegal et al. (Flegal et al., 2013), the BMI range

25-<30 kg/m2 was associated with lower risk compared to the BMI range 18.5-<25 kg/m2, and grade I

obesity (BMI 30-<35 kg/m2) was not associated with increasedmortality risk. Among older adults, BMI asso-

ciated with lowest mortality typically is observed in the BMI category considered overweight (Jiang et al.,

2019; Winter et al., 2014, 2017).

Inconsistent findings from meta-analyses may be because of several behavioral and physical characteris-

tics. Smoking, for example, may confound interpretation of the BMI-mortality relationship. But even re-

stricting analyses to never-smokers does not always show that mortality risk is increased for all BMI

>25 kg/m2 (Flegal et al., 2005; Jiang et al., 2019; Winter et al., 2014, 2017). This is consistently evident in

older adults, in which lowest mortality risk in never-smokers occurs in the BMI range of�23-33 kg/m2 (Jiang

et al., 2019; Winter et al., 2014). Failure to account for baseline health status may also confound the BMI-

mortality relationship. However, even when restricting analyses to never smokers without pre-existing

health conditions and deleting the first 5 years of follow-up, the general shape of the BMI-mortality rela-

tionship is similar, with increased risk observed at both the lower and higher ends of the BMI distribution

(Flegal et al., 2017; Global BMI Mortality Collaboration et al., 2016; Yi et al., 2015). In addition, BMI does not

account for differences in body composition and provides no information on body fat distribution. A recent

pooled analysis from 7 prospective cohort studies showed that fat mass and fat-free mass have opposite

associations with mortality (Sedlmeier et al., 2021), and regional body fat distribution has considerable

impact on health outcomes (Despres, 2012; Piche et al., 2018). Finally, analyses of the association between

BMI and mortality rarely consider CRF, which has considerable impact on mortality risk (Ross et al., 2016).
Cardiorespiratory fitness

Themajor limitation of the meta-analyses described above is that they did not include measures of CRF in their

analyses. In studies that have includedCRF, themortality risk associatedwith highBMI is either eliminated (Barry

et al., 2014) or greatly attenuated (Barry et al., 2018). In the firstmeta-analysis on the influenceofCRF on the BMI-

mortality relationship, Barry et al. (Barry et al., 2014) demonstrated that lowCRF (unfit) is associatedwitha�2-2.5-

fold higher risk of all-cause mortality regardless of BMI (Figure 2 top). Importantly, overweight and obesity in

conjunction with moderate-to-high CRF (fit) were associated with a lower death rate than adults in the unfit

normal-weight category. Of the 10 studies included in thismeta-analysis, 6 cohorts includedmen only, 2 cohorts

included women only, and 2 cohorts consisted of both men (�80%) and women.

It is important to emphasize the definitions of fit and unfit in the meta-analysis of Barry et al. (Barry et al.,

2014). Of the 10 studies included, 8 defined ‘‘unfit’’ as either the lowest quintile (7 studies) or quartile of

age-adjusted CRF. Thus, the definition of ‘‘fit’’ in these studies was modest, and included the top

75%–80% of the age-adjusted CRF. This meta-analysis also demonstrated the importance of assessing

CRF so that low-fit individuals can be identified for interventions to improve CRF.

A subsequent meta-analysis by Barry et al. (Barry et al., 2018), which included 8 cohorts of men only, and 1

cohort consisting of men (89%) and women, demonstrated that CRF greatly reduced CVD mortality risk

associated with high BMI, and also highlighted the elevated CVD mortality risk among unfit individuals

in the normal-weight BMI category (Figure 2 bottom). The pooled hazard ratios (HR) for the fit-overweight

(HR = 1.25, 95% confidence interval 1.07-1.46) and the fit-obese (HR = 1.42, 95% confidence interval 1.01-

4.07) categories indicate that CRF does not eliminate the CVD mortality risk associated with high BMI.

Nonetheless, the data illustrate that low CRF is more hazardous than is high BMI. In fact, the data in Figure 2

clearly show that risks associated with higher BMI within both unfit and fit groups are much lower than the

risks associated with low CRF regardless of BMI.

It is important to note that in the twometa-analyses of Barry et al., all but one of the included studies did not

measure CRF directly but rather estimated CRF by time to exhaustion on a maximal exercise test. This is

acceptable because correlations between test time on a maximal exercise test and directly measured

maximal oxygen uptake (VO2max) are between 0.82 and 0.92 (Ross et al., 2016), respectively. However,
iScience 24, 102995, October 22, 2021 3



Figure 2. Cardiorespiratory fitness, body mass index, and mortality risk

Joint associations between cardiorespiratory fitness (CRF), body mass index (BMI), and all-cause (top) and cardiovascular

disease (CVD) (bottom) mortality. Hazard ratios reflect the pooled data from the meta-analyses of Barry et al. for all-cause

mortality (Barry et al., 2014) and cardiovascular disease mortality (Barry et al., 2018). For all-cause mortality, the meta-

analysis included 6 cohorts of men only, 2 cohorts of women only, and 2 cohorts of both men (~80%) and women. For CVD

mortality, the meta-analysis included 8 cohorts of men only and 1 cohort of both men (89%) and women. Vertical lines for

each bar represent 95% confidence intervals. Normal weight (BMI = 18.5-<25.0 kg/m2) and Fit is the referent group.

Overweight = BMI 25.0-<30.0 kg/m2, and obese = BMI R30 kg/m2. ‘‘Fit’’ includes the top 75%–80% of age-adjusted CRF

distribution. See text for details.
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measuring CRF directly by analyzing ventilation and gas exchange during a maximal exercise test not only

provides a ‘‘gold standard’’ determination of CRF, but with simultaneous assessment of body composition,

it also allows for VO2max to be expressed relative to total body weight (ml O2/kg/min) as well as to fat-free

mass (FFM;ml O2/kg FFM/min). This is especially important when assessing and comparing CRF across BMI

categories (Krachler et al., 2015). For individuals with the same test time on a maximal exercise test, non-

obese and obese individuals will have essentially the same VO2max in ml/kg/min, but obese individuals will

invariably have a higher VO2max in ml/kg FFM/min because of greater amounts of body fat relative to FFM

(Lee et al., 1999). This might reflect ‘‘fitter’’ skeletal muscle and associated health benefits (Booth et al.,

2012; Fiuza-Luces et al., 2013), and help explain the greatly reduced mortality risk associated with high

CRF in persons with obesity (Figure 2). Importantly, it has been shown that adjustment for FFM increased

the prognostic value of CRF in heart failure patients, especially among a subgroup of patients with obesity

(Osman et al., 2000). In addition, it was recently reported that CRF in ml/kg FFM/min was a stronger pre-

dictor of all-cause mortality than CRF in ml/kg/min in a 19-year follow-up of 2,905 men and women with and

without obesity (Imboden et al., 2020).
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Even though adjustment for FFM improves the prognostic value of CRF testing, it is not likely that FFM per

se is the underlying factor that explains this association. Among 21,925 men in the Aerobic Center Longi-

tudinal Study (ACLS), highest relative risks for all-cause and CVD mortality were observed in unfit (defined

as above, Figure 2) men with the highest amount of FFM (Lee et al., 1999). Lowest relative risks were

observed for fit men regardless of FFM ranging from <60 kg to >70 kg. One plausible reason for this finding

is that fit men are more physically active than unfit men (Ortega et al., 2018), and physical activity strongly

affects CRF (Ross et al., 2016). Thus, even though FFM and body fat have opposite associations with mor-

tality risk (Sedlmeier et al., 2021), the ‘‘quality’’ of FFM is more important than the ‘‘quantity’’ of FFM.

In addition to directly measured CRF, simpler estimates of functional capacity indicate that fitness reduces

risk associated with high BMI (Zaccardi et al., 2019, 2021). In the UK Biobank cohort, men and women who

characterized their usual walking pace as ‘‘brisk’’ had amuch lower 7-year all-cause mortality risk and higher

estimated 10-year survival compared to adults who characterized their usual pace as ‘‘slow,’’ and this was

entirely independent of BMI ranging from�20 kg/m2 to�44 kg/m2 and body fat ranging from�25% to 47%

for women and �15%–35% for men (Zaccardi et al., 2019).

Muscular fitness

Muscular fitness also is associated with reduced risk of chronic disease and mortality, and this association is

independent of BMI (Carbone et al., 2020; Garcia-Hermoso et al., 2018; Kim et al., 2017; Saeidifard et al.,

2019). One meta-analysis reported that high levels of handgrip strength and knee-extension strength were

associated with lower risk of all-cause mortality (Garcia-Hermoso et al., 2018), and another meta-analysis

reported that strength training was associated with lower risk of all-cause mortality (Saeidifard et al.,

2019). Neither of these meta-analyses reported HRs for muscular fitness across BMI strata (i.e., as in Barry

et al., above), but most of the studies included in these meta-analyses performedmultivariate analyses that

adjusted for BMI.

In the UK Biobank study, handgrip strength significantly attenuated the higher all-cause and CVDmortality

risk associated several measures of adiposity (Kim et al., 2017). In some instances the risk was eliminated.

For example, among men and women in the highest quintiles of handgrip strength, HRs for all-cause and

CVD mortality were not significantly different when comparing the highest and lowest tertiles of percent

body fat. When stratified by BMI, all-cause mortality HRs for the highest quintiles of handgrip strength in

men were not different across all BMI categories including normal weight (18.5 - %25 kg/m2), overweight

(25 -%30 kg/m2), and obese (R30 kg/m2). In women, HRs for both all-cause and CVDmortality in the high-

est quintiles of handgrip strength were not different across BMI categories ranging from normal weight

through grade 1 obesity (30 - <35 kg/m2).

Data on men in the ACLS demonstrated that lower all-cause and cancer mortality risks associated with

higher levels of muscular fitness were independent of BMI, waist circumference, and percent body fat,

and that the lower risk was observed even after adjusting for CRF (Ruiz et al., 2008, 2009). However, results

from the ACLS also demonstrate that CRF has a stronger association with all-cause mortality risk than does

muscular fitness.

Physical activity

No meta-analyses have been performed to demonstrate the impact of PA on the BMI-mortality relation-

ship. Although PA is sometimes included in studies of the association between BMI and mortality, meta-

analyses generally have avoided examining the impact of this vital behavior. One large meta-analysis

did not include PA because the authors viewed it as ‘‘over-adjusting’’ for the contribution of BMI to mor-

tality risk (Global BMI Mortality Collaboration et al., 2016). In another meta-analysis, the authors suggested

that PA could attenuate the increased mortality risk observed in the underweight BMI category, but oddly

did not acknowledge that the same might be true for the higher risk observed in the overweight or obese

BMI categories (Aune et al., 2016). Nonetheless, several cohort studies suggest that PA has a mitigating

influence on the BMI-mortality relationship that is qualitatively similar to, but not quantitatively as strong

as, that of CRF (Fogelholm, 2010).

A systematic review of 12 cohort studies revealed that BMI was generally unrelated to mortality risk after

adjustment for PA (Yerrakalva et al., 2015). Most of the studies reviewed indicated either no association

or an inverse association between BMI andmortality after adjustment for PA. In the few studies that showed
iScience 24, 102995, October 22, 2021 5
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higher risk with high BMI, the risk generally did not increase until beyond BMI >30 kg/m2. The authors

noted that PA measurement methods in all studies were subjective and mostly unvalidated. Therefore,

more research utilizing objective PA assessments such as accelerometry is necessary to better capture

the influence of PA on the BMI-mortality relationship.

Other epidemiological studies have shown that PA significantly reduces risk for all-cause mortality or CVD

associated with high BMI (Bellocco et al., 2010; Crespo et al., 2002; Hu et al., 2005; Zhang et al., 2020). These

studies generally show that both high BMI and low PA are associated with increased risk, and that the risk

for physically active adults with obesity is comparable to or lower than the risk for inactive adults without

obesity. For example, in the 2007-2016 NHANES cohort, compared to the referent group of sedentary

adults with obesity, the 10-year CVD odds ratio among physically active adults with obesity (0.50, 95% con-

fidence interval 0.37-0.69) was comparable to that of inactive adults with BMI in the normal weight range

(0.42, 95% confidence interval 0.28-0.64) (Zhang et al., 2020). Even ‘‘insufficiently active’’ adults with obesity

(i.e., 1-149 min/week of moderate-to-vigorous PA) had a significantly lower 10-year odds ratio of CVD (0.66,

95% confidence interval 0.49-0.89). It is important to note that physically active adults in the normal weight

BMI range had the lowest risk (0.22, 95% confidence interval 0.16-0.29), indicating that both PA and BMI

contribute to CVD risk. Even so, these NHANES data demonstrate that even modest amounts of PA are

associated with significantly lower CVD risk independent of BMI.

INTENTIONAL WEIGHT LOSS AND MORTALITY

Meta-analyses of observational studies

Several meta-analyses have been published on the relationship between intentional weight loss and mor-

tality risk (Figure 3 top) (Chen et al., 2018; Harrington et al., 2009; Kritchevsky et al., 2015; Ma et al., 2017;

Pack et al., 2014; Schellenberg et al., 2013; Singh et al., 2019). In the first meta-analysis on intentional weight

loss and all-cause mortality, which was based on results from prospective cohort studies, Harrington et al.

(Harrington et al., 2009) reported that intentional weight loss was associated with a 13% lower risk for in-

dividuals classified as unhealthy (4 studies), and a 16% lower risk among unhealthy adults with obesity

(4 studies). However, intentional weight loss was associated with an 11% higher mortality risk among

healthy individuals (8 studies) and a 9% higher risk among mostly healthy adults without obesity (5 studies).

Among healthy adults with obesity, intentional weight loss was not associated with a lower mortality risk.

Two additional meta-analyses of cohort studies that included participants with obesity or type 2 diabetes

(T2D) (Chen et al., 2018) or coronary artery disease (Pack et al., 2014), reported that intentional weight loss

was not associated with lower all-cause mortality risk (Figure 3 top). These meta-analyses should be viewed

with caution owing to the small number of studies included (Chen et al. included 3 studies; Pack et al.

included only 1 study). In a meta-analysis that included 4 studies (Pack et al., 2014), ‘‘presumed’’ intentional

weight loss was associated with a 33% reduction in a composite outcome of all-cause mortality, CVD mor-

tality, and major adverse cardiac events (MACE) (Figure 2 bottom).

Meta-analyses of randomized controlled trials

Four meta-analyses of randomized controlled trials (RCT) have been published on the effect of intentional

weight loss on all-cause mortality (Figure 3 top) (Kritchevsky et al., 2015; Ma et al., 2017; Schellenberg et al.,

2013; Singh et al., 2019). Only one showed a significantly lower mortality risk associated with intentional

weight loss (Ma et al., 2017). However, the results of this meta-analysis (Ma et al., 2017), as well as that of

Kritchevsky et al. (Kritchevsky et al., 2015), should be viewed with considerable caution because of the

extremely limited mortality data of most of the studies included in these meta-analyses. Of the 34 interven-

tion studies included in the meta-analysis of Ma et al. (Ma et al., 2017), 23 had 1 or 0 deaths reported in

either the intervention group or the control group. Of the 12 lifestyle interventions included in the meta-

analysis of Kritchevsky et al. (Kritchevsky et al., 2015), only 3 considered mortality as an endpoint, whereas

the remaining studies reported death as an adverse event. Moreover, 7 of the 12 studies included in this

meta-analysis reported 2 or fewer deaths in either the intervention or control groups. In fact, only 10 studies

included in either meta-analysis reported at least 5 deaths in either intervention or control groups. Of these

10 studies, only one reported a statistically significantly lower all-causemortality risk associated with weight

loss.

For CVD mortality, the one meta-analysis of RCTs showed no benefit of intentional weight loss (Figure 3

bottom) (Ma et al., 2017). Among the 8 RCTs included in this meta-analysis, the Look AHEAD trial (Look
6 iScience 24, 102995, October 22, 2021



Figure 3. Intentional weight loss and mortality risk

Meta-analyses of the association between intentional weight loss and risk for all-cause mortality (top) and cardiovascular

disease (CVD) mortality or major adverse coronary event (MACE) (bottom). Vertical lines for each bar represent 95%

confidence intervals. For both top and bottom graphs, the different colored bars identify observational studies (red bars)

and randomized control trials (RCTs) (blue bars).
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Ahead Research Group, 2013) represented 81.7% of the weight in the analysis. This large trial was stopped

for futility because results failed to demonstrate a difference in the rate of mortality, nonfatal myocardial

infarction or stroke, or hospitalization for angina, among patients with T2D randomized to an intensive life-

style intervention arm compared to patients randomized to a control arm, despite significantly greater

weight loss in the intervention group.

In the most recent meta-analysis, which included 31 RCT lifestyle interventions (Singh et al., 2019), inten-

tional weight loss among adults with overweight or obesity was not associated with a statistically significant

reduction in all-cause mortality, although the odds ratio of 0.86 (95% confidence interval 0.73-1.02, p = 0.09)

was very close to statistical significance (Figure 3 top). Weight loss averaged 3.63 kg greater than the con-

trol group after 1 year, and this decreased over time to a 2.45 kg difference after 3 years. Mortality was not

different by amount of weight loss.

Although lifestyle interventions have shown to reduce risk of T2D (Knowler et al., 2002; Tuomilehto et al.,

2001), a meta-analysis of lifestyle interventions in patients with, or at risk for, T2D indicated that intentional

weight loss did not reduce risk of all-cause mortality (risk ratio 0.75, 95% confidence interval 0.53-1.06; Fig-

ure 2 top) (Schellenberg et al., 2013). However, only two studies were included in this meta-analysis.

Overall, data from observational studies and RCTs do not consistently show that intentional weight loss is

associated with reduced mortality risk. Even in those studies that demonstrated a benefit of weight loss, it

is not clear whether the weight loss itself was the primary factor that reduced the mortality risk. This is
iScience 24, 102995, October 22, 2021 7
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because the RCTs included in the weight loss meta-analyses invariably incorporated changes in diet and/or

exercise, either as a program that participants could attend or as advice. As discussed in subsequent sec-

tions, increases in PA are consistently associated with reductions in mortality risk independently of changes

in weight.

WEIGHT LOSS VIA LIPOSUCTION: IMPACT ON CARDIOVASCULAR RISK MARKERS

To untangle the effects of lifestyle behaviors vs. weight loss per se, studies examining the cardiometa-

bolic effects of liposuction are instructive. Surgical removal of body fat in the absence of lifestyle changes

does not usually improve CVD risk profile, as reported in the three published meta-analyses on this sub-

ject (Boriani et al., 2014; Danilla et al., 2013; Seretis et al., 2015a). Although one meta-analysis showed a

modest reduction in fasting insulin (Boriani et al., 2014), the other two showed no benefit of liposuction

on insulin sensitivity (Danilla et al., 2013; Seretis et al., 2015a). The amount of body fat removed in these

liposuction studies (�1-16 L) is comparable to, or greater than, the amount of weight loss typically

observed with lifestyle interventions that improve markers of cardiometabolic health (Gaesser et al.,

2011; Gaesser and Blair, 2019). This diminishes the proposition that body fat is the primary cause of

elevated CVD risk markers associated with obesity. However, because liposuction is limited to removal

of subcutaneous fat, these studies cannot address the significance of ectopic fat and visceral abdominal

fat (VAT) for cardiometabolic health (see later section, ‘‘Exercise targets ‘unhealthy’ fat’’).The lack of

improvement in cardiometabolic risk profile after liposuction may be due in part to redistribution of

body fat after this procedure. Compensatory increases in VAT have been reported after liposuction (Be-

natti et al., 2012; Hernandez et al., 2011; Seretis et al., 2015b). Importantly, exercise may prevent this from

occurring (Benatti et al., 2012). In a randomized trial of 36 women who underwent small-volume liposuc-

tion, removing an average of 1.23 G 0.36 L of abdominal fat, 18 women who remained sedentary after

liposuction experienced a 9.5% increase in VAT at the 6-month follow-up (Benatti et al., 2012). By

contrast, 18 women who participated in an aerobic exercise program after liposuction experienced an

11.2% decrease in VAT.

WEIGHT LOSS VIA BARIATRIC SURGERY: IMPACT ON MORBIDITY AND MORTALITY

Several meta-analyses indicate that bariatric surgery reduces risk of all-cause mortality (Cardoso et al.,

2017; Pontiroli et al., 2020; Sheng et al., 2017). Bariatric surgery also reduces risk of macrovascular and

microvascular disease, and increases remission rates for T2D (Pontiroli et al., 2020; Sheng et al., 2017).

Because bariatric surgery also produces substantial weight loss, these data suggest that weight loss itself

may be essential for the observed outcomes.

However, there are several issues that must be considered when interpreting the results of bariatric sur-

gery studies. First, blood glucose and insulin concentrations are rapidly improved within days after sur-

gery, long before appreciable weight loss occurs (Pories et al., 1995; Rubino and Gagner, 2002). Second,

in adults with T2D, BMI trajectories after bariatric surgery are not good predictors of remission and

relapse (Arterburn et al., 2013). In a study of 4,432 adults with T2D who underwent bariatric surgery,

weight loss was virtually identical for those who had durable remissions compared to those who remitted

and relapsed (Arterburn et al., 2013). In addition, cases who relapsed their T2D had similar, if not better,

BMI maintenance after surgery compared to those who had durable remission. Third, a 2020 meta-anal-

ysis reported that the reduction in mortality risk after bariatric surgery was only observed in individuals

above the median age in the 9 studies included in the meta-analysis (Pontiroli et al., 2020). The reasons

for this finding are not completely understood, but the relatively low overall mortality risk among young

persons with obesity may account for this finding. Fourth, two meta-analyses reported that PA levels

increased significantly in patients after bariatric surgery (Adil et al., 2019; Herring et al., 2016), and in-

creases in PA after bariatric surgery have been reported to be correlated to improvements in CRF (Bel-

licha et al., 2019). Increasing PA and CRF are associated with significant reductions in mortality risk, as

discussed in the next section. Importantly, it is sedentary individuals (e.g., adults with obesity prior to

bariatric surgery) who are likely to experience the greatest reductions in mortality risk by increasing

PA and CRF (Kraus et al., 2019; Ross et al., 2016). For these reasons, the extent to which weight loss alone

accounts for the improved longevity prospects after bariatric surgery must be interpreted with caution.

Finally, it is important to note that the subject populations in bariatric surgery studies are mainly

restricted to high-risk individuals with BMI >35 kg/m2 (Cardoso et al., 2017; Pontiroli et al., 2020; Sheng

et al., 2017). Thus, results from bariatric surgery studies may not be easily generalizable to most of the

population who have BMI <35 kg/m2.
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Figure 4. Increases in physical activity are associated with reduced mortality risk

Observational studies showing the association between increases in physical activity (PA) and relative risks for all-cause

mortality (top) and cardiovascular disease (CVD) mortality or coronary event (bottom). Vertical lines for each bar represent

95% confidence intervals. In studies where confidence intervals were not provided, p values are indicated. For Manson

et al. (Manson et al., 1999) the p value represents the trend from lowest PA increase to highest PA increase categories.

MVPA = Moderate-to-Vigorous PA.

ll
OPEN ACCESS

iScience
Review
INCREASING PHYSICAL ACTIVITY OR CARDIORESPIRATORY FITNESS: CONSISTENT

REDUCTIONS IN MORTALITY RISK

In contrast to the inconsistent and inconclusive results of intentional weight loss, increasing either PA (Ag-

gio et al., 2020; Gregg et al., 2003; Kieffer et al., 2019; Lewis et al., 2018; Manson et al., 1999; Mok et al.,

2019; Ostergaard et al., 2018; Paffenbarger et al., 1993; Petersen et al., 2012; Wannamethee et al., 1998)

or CRF (Blair et al., 1995; Ehrman et al., 2017; Erikssen, 2001; Erikssen et al., 1998; Kokkinos et al., 2010;

Lee et al., 2011; Prestgaard et al., 2019; Imboden et al., 2019a, 2019b; Laukkanen et al., 2016; Martin

et al., 2013; Mikkelsen et al., 2020) is associated with significant reductions in all-cause and CVD mortality

risk (Figures 4, 5, and 6). To our knowledge, no meta-analyses have been performed on the association be-

tween changes in either PA or CRF and mortality risk. Consequently, data in Figures 4, 5, and 6 represent

results from individual cohort studies.

With few exceptions, increasing PA is associated with a �15%–50% reduction in all-cause mortality and a

�15%–40% reduction in CVD mortality or cardiovascular events (Figure 4). Greater reductions in all-cause

mortality risk are typically observed with increases in CRF (Figure 5). When the improvement in CRF is ex-

pressed as moving from ‘‘unfit’’ or ‘‘low fit’’ to a higher fitness category, the reduction in all-cause mortality

is in the range of 30%–60% (Figure 5 top). Some studies also reported changes in CRF as a continuous
iScience 24, 102995, October 22, 2021 9



Figure 5. Increasing cardiorespiratory fitness status is associated with reduced mortality risk

Observational studies showing the association between increases in cardiorespiratory fitness (CRF) status and relative

risks all-cause mortality (top) and cardiovascular disease (CVD) mortality or stroke (bottom). Vertical lines for each bar

represent 95% confidence intervals. Increases in CRF status were generally defined as improving CRF by enough to no

longer be in the ‘‘least fit’’ category of CRF.
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variable, either as a 1-MET or 1 mL/kg/min increase in measured or estimated CRF from maximal exercise

tests (1 MET = metabolic equivalent of resting metabolism, �3.5 mL/kg/min). Each 1-MET increase in CRF

was associated with a 14%–29% reduction in all-cause mortality, and each 1 mL/kg/min increase in CRF was

associated with a 7%–13% reduction in all-cause mortality risk (Figure 6 top).

Fewer studies have published results on the change in CVD risk associated with changes in CRF. Moving

from unfit or low-fit to fit was associated with a 42%–52% reduction in CVD mortality (Blair et al., 1995;

Lee et al., 2011) and a 60% reduction in stroke (Prestgaard et al., 2019) (Figure 4 bottom). Increasing

CRF by 1 MET was associated with a 19% lower risk of CVD mortality (Lee et al., 2011), and increasing

CRF by 1 mL/kg/min was associated with a 15% reduction in risk of CVD mortality (Imboden et al.,

2019b) and a 21% reduction in risk of major adverse cardiovascular events (Mikkelsen et al., 2020) (Figure 6

bottom).

In comparison to intentional weight loss, it is evident that the mortality risk reductions associated with

increasing PA or CRF are far more consistent and generally of much greater magnitude. This may be attrib-

utable to the well-established effects of PA and exercise training on virtually every cell, organ, and system in

the body (Booth et al., 2012; Fiuza-Luces et al., 2013). The ‘‘polypill’’ effect of exercise likely benefits indi-

viduals across the entire BMI spectrum (Gaesser et al., 2011, 2015). Although the prevalence of the ‘‘fit but

fat’’ phenotype is relatively low (Duncan, 2010), this is likely attributable in large part to the lower levels of

objectively measured PA in adults with high BMI (Tudor-Locke et al., 2010). Therefore, adults with
10 iScience 24, 102995, October 22, 2021



Figure 6. Increases in cardiorespiratory fitness are associated with reduced mortality risk

Observational studies showing the association between increases in cardiorespiratory fitness (CRF) and relative risks of

all-cause mortality (top) and cardiovascular disease (CVD) mortality or major adverse coronary event (MACE) (bottom).

Vertical lines for each bar represent 95% confidence intervals. For both top and bottom graphs the different colored bars

represent risk reduction per 1-MET increase in CRF (orange bars) or per 1 mL/kg/min increase in CRF (green bars). MET =

metabolic equivalent of resting metabolism, ~3.5 mL/kg/min.
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overweight and obesity would benefit the most from strategies to increase PA, which could also increase

CRF (see later discussion).

DOES WEIGHT LOSS EXPLAIN THE REDUCED MORTALITY RISK ASSOCIATED WITH

IMPROVEMENTS IN PHYSICAL ACTIVITY OR CARDIORESPIRATORY FITNESS?

It is fair to ask whether weight loss could have contributed to the reduced mortality risk associated with in-

creases in either PA or CRF. Unfortunately, most of the studies did not report data on weight change asso-

ciated with changes in either PA or CRF. However, it is not likely that weight loss would have contributed

appreciably to the reduced mortality risk associated with the PA activity or CRF. First, increasing PA typi-

cally results in little, if any, weight loss (Donnelly et al., 2009; Donnelly and Smith, 2005; Foright et al., 2018;

Pontzer, 2015; Thorogood et al., 2011). In addition, several of the studies that included changes in body

weight or BMI in their analyses indicated that weight loss was not a significant contributing factor, as

described below.

In the ACLS, for example, the reduced mortality risk associated with an increase in CRF was independent of

changes in BMI (Lee et al., 2011). Reductions in all-cause and CVD mortality were linearly related to in-

creases in CRF but unrelated to changes in body weight and body fat percentage. In addition, men in

the ACLS who showed a reduction in CRF experienced increases in all-cause and CVDmortality risk regard-

less of changes in BMI. This further emphasizes the importance of CRF compared to weight loss. In the Oslo

Ischemia Study (Prestgaard et al., 2019), among men with low CRF at baseline, change in BMI was not
iScience 24, 102995, October 22, 2021 11
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different when comparing men who remained unfit with those who increased CRF, yet those who increased

their CRF experienced a 34% lower all-cause mortality risk and a 60% lower risk of stroke during the

follow-up.

In men and women from a large UK cohort, an increasing PA trajectory over a �10-year period was asso-

ciated with a 22% lower all-cause mortality risk and a 24% lower CVD mortality risk even when adjusting

for baseline BMI and changes in BMI at the final PA assessment (Mok et al., 2019). In a study of Danish

adults, those who took up cycling experienced a 22% lower risk of all-cause mortality during a �10-13-

year follow-up (Ostergaard et al., 2018), even though the initiation of cycling was not associated with reduc-

tions in body weight among those with overweight or obesity at baseline, nor did it reduce the incidence of

overweight or obesity during the follow-up (Rasmussen et al., 2018). Cycling did, on the other hand, reduce

the incidence of abdominal obesity during follow-up. This is important to emphasize because abdominal

fat poses a greater health risk than general obesity and represents a relatively small percentage of total

body fat (Piche et al., 2018; Despres, 2015) (see later section ‘‘Exercise targets ‘unhealthy’ fat’’).
PITFALLS OF FOCUSING ON WEIGHT LOSS: WEIGHT CYCLING

Because weight loss is rarely sustained (Anderson et al., 2001; Dansinger et al., 2007; Sumithran and

Proietto, 2013), and prevalence of weight loss attempts remains high (Han et al., 2019; Martin et al.,

2018; McDow et al., 2019; Montani et al., 2015; Santos et al., 2017) and may be increasing (Han et al.,

2019), weight cycling is also prevalent (Montani et al., 2015; Syngal et al., 1999; Fildes et al., 2015). There

is no universally accepted definition of weight cycling (Montani et al., 2015). In research studies, weight

cycling has variously been defined as achieving or exceeding a specified weight loss (in kg or as a percent-

age of baseline weight) for a specified number of times, or by using coefficient of variation, interpersonal

standard deviation, or root-mean-square error of body weight change over time (Atkinson et al., 1994;

Mehta et al., 2014; Zhang et al., 2019a, 2019b). Whether weight cycling poses a significant health risk

has been debated over the years, with some suggesting no risk (Atkinson et al., 1994; Mehta et al.,

2014), and others suggesting that it poses a significant health risk (Bangalore et al., 2017, 2018; Cheng

et al., 2015; Cologne et al., 2019; Montani et al., 2006, 2015; Oh et al., 2019; Zhang et al., 2019a, 2019b;

Zou et al., 2019). Three meta-analyses have been published on the association between weight cycling

and mortality risk (Cheng et al., 2015; Zhang et al., 2019b; Zou et al., 2019). In the largest and most recent

of these, Zou et al. (Zou et al., 2019) reported that weight cycling was associated with a 41% higher risk of all-

cause mortality and a 36% higher risk of CVD mortality, but was not related to cancer mortality. The risk for

all-cause mortality was observed in all BMI categories. Weight cycling was also associated with a 49%

higher risk of CVD morbidity and a 35% higher risk of hypertension (Zou et al., 2019). In another recent

meta-analysis that included 15 publications (22 cohorts), Zhang et al. (Zhang et al., 2019b) reported that

weight cycling was associated with a 45% higher risk of all-cause mortality. Because most of the studies

included in the two meta-analyses were the same, it is not surprising that the higher mortality risks (41%

and 45%) were similar. In a meta-analysis that focused on older adults, weight cycling was associated

with a 53% higher risk of all-cause mortality (Cheng et al., 2015).

In two recent studies not included in these meta-analyses, weight cycling was also associated with a higher

risk of all-cause mortality (Cologne et al., 2019; Oh et al., 2019). Body weight variability is also associated

with adverse outcomes in adults with T2D and with coronary artery disease (Bangalore et al., 2017, 2018). In

patients enrolled in one of three clinical trials of statins, high weight variability was associated with

increased risk of coronary events and mortality. Compared to the lowest quintile of weight variability, par-

ticipants in the highest quintile of weight variability had a 59% higher risk of any coronary event, an 82%

higher risk of major coronary event or death, a 75% higher risk of any cardiovascular event, a 99% higher

risk of myocardial infarction, and a 92% higher risk of stroke (Bangalore et al., 2017, 2018). The greatest

risk was observed in patients with overweight and obesity. It is among these individuals that weight loss

attempts (Martin et al., 2018) and weight cycling (Syngal et al., 1999; Fildes et al., 2015) are more prevalent.

The risks associated with weight cycling are very much the same as those associated with obesity (Montani

et al., 2006, 2015). Just as few epidemiological studies of the relationship between BMI and mortality have

accounted for the influence of CRF, none of the meta-analyses of the BMI-mortality relationship has ac-

counted for the potential contributions of weight cycling to the higher mortality risk observed in the

high BMI categories. Severe weight cyclers, for example, are more likely to engage in unhealthy weight

loss practices (e.g., vomiting, binge eating, use of laxatives) and less likely to exercise (Field et al., 2004).
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Because weight cycling is more prevalent among individuals with high BMI (Syngal et al., 1999; Fildes et al.,

2015), it is entirely plausible that some of the morbidity and mortality risks associated with high BMI may be

because of weight cycling.

Additional support for this plausibility comes from the observations that weight cycling is associated with

increased risk for sarcopenic obesity (Rossi et al., 2019), as weight regain following weight loss is typically

characterized by greater gain of fat mass compared with fat-free mass (Bosy-Westphal et al., 2013; Goisser

et al., 2015; Houston et al., 2019). This may have adverse consequences for weight cyclers because sarco-

penic obesity is associated with a 24% higher risk of all-cause mortality, as reported in a meta-analysis of 12

cohorts (Tian and Xu, 2016). Weight cycling in men and women with obesity is also associated with lower

handgrip strength (Rossi et al., 2019), which could increase mortality risk as discussed earlier (Garcia-Her-

moso et al., 2018).
CARDIOMETABOLIC HEALTH IMPROVEMENT: PHYSICAL ACTIVITY VS. WEIGHT LOSS

It is well established that weight loss is associated with improvements in obesity-related health conditions,

including cardiometabolic risk markers for CVD and T2D. These benefits have been reported in 8 meta-an-

alyses of RCTs on the effects of weight loss on CVD risk factors (Franz et al., 2015; Khera et al., 2018; Mu-

daliar et al., 2016; Zomer et al., 2016; Neter et al., 2003; Dattilo and Kris-Etherton, 1992; Hasan et al., 2020;

Semlitsch et al., 2021). Most of the RCTs included in these meta-analyses have used energy-restricted di-

etary approaches to achieve weight loss, although some have also included a PA component to enhance

the energy deficit. However, the improvements in cardiometabolic risk markers associated with weight loss

interventions are generally no greater than exercise training interventions without a specific weight loss

target.
Blood pressure

For example, both aerobic exercise training (Cornelissen and Fagard, 2005b; Cornelissen and Smart, 2013)

and resistance exercise training (Ashton et al., 2020; Cornelissen and Fagard, 2005a; Cornelissen et al.,

2011) reduce systolic and diastolic blood pressures by �2-5 mmHg in normotensive individuals, and by

�5-7 mmHg in those with hypertension (Cornelissen and Fagard, 2005b). These reductions occur despite

minimal weight loss and decreases in percent body fat (Cornelissen and Fagard, 2005b; Cornelissen et al.,

2011). Although a tendency for larger decreases in blood pressure with greater reductions in weight has

been reported (Cornelissen and Smart, 2013), these relationships were not statistically significant. In addi-

tion, an earlier review reported clinically insignificant correlations between changes in body weight and

changes in either systolic blood pressure (r = 0.09) and diastolic blood pressure (r = 0.07), suggesting

that the weight loss contribution to lower blood pressure after exercise training is very small (Fagard, 2001).

By comparison, meta-analyses of weight loss interventions show that weight reduction is typically associ-

ated with decreases in systolic and diastolic blood pressure in the range of 1-5 mmHg (Franz et al.,

2015; Khera et al., 2018; Mudaliar et al., 2016; Zomer et al., 2016; Neter et al., 2003; Semlitsch et al.,

2021). Thus, the blood pressure-lowering effect of exercise training is at least as great as that observed

with weight loss interventions.
Glycemic control

Weight loss is routinely advocated for improvements in blood glucose control, and meta-analyses indicate

that weight loss is typically associated with lowering of HbA1c in the range of 0.2%–0.9% (Franz et al., 2015;

Mudaliar et al., 2016; Zomer et al., 2016). But meta-analyses of exercise training studies show that both aer-

obic and resistance exercise can lower HbA1c by a similar amount, i.e.,�0.2%–0.8% (Boule et al., 2001; Jel-

leyman et al., 2015; Liu et al., 2019; Snowling and Hopkins, 2006). In a meta-analysis by Boule et al. (Boule

et al., 2001), exercise training in patients with T2D reduced HbA1c by an average of 0.66% despite no dif-

ference in weight change between exercise and control groups. Although a small amount of weight loss

may accompany exercise training, weight loss itself does not appear to explain the reduction in HbA1c.

A meta-analysis of 27 exercise training studies in patients with T2D showed that HbA1c was reduced by

0.7% after aerobic training and by 0.8% after combined aerobic and resistance exercise training (Snowling

and Hopkins, 2006). Although some weight loss was observed after both modes of exercise training, the

magnitude of weight loss after combined training (5.1%) was more than three times higher than that after

aerobic training alone (1.5%). In addition, resistance training alone reduced HbA1c by 0.5% despite no
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significant change in body weight (0.5%). These data demonstrate that the relationship between body

weight, adiposity, and markers of glycemic control are far from linear and are not likely mediated by weight

loss. This complex relationship is best underscored by the observation that gastric bypass surgery routinely

results in rapid induction of T2D remission within days, well before any significant weight loss occurs

(Rubino and Gagner, 2002).
Blood lipids

Improvements in blood lipids with exercise training are also comparable to those observed with weight-

loss interventions. Meta-analyses indicate that exercise training increases high-density lipoprotein choles-

terol by 2-5 mg/dL (Kodama et al., 2007; Pattyn et al., 2013; Wewege et al., 2018; Igarashi and Nogami,

2019; Lin et al., 2015), which is comparable to the 1-4 mg/dL improvements observed after weight-loss in-

terventions (Franz et al., 2015; Khera et al., 2018; Mudaliar et al., 2016; Dattilo and Kris-Etherton, 1992; Ha-

san et al., 2020). In addition, the 3-10 mg/dL reductions in low-density lipoprotein cholesterol after exercise

training (Halbert et al., 1999; Igarashi and Nogami, 2019; Lin et al., 2015) are similar to the 1-15 mg/dL re-

ductions reported in meta-analyses of weight loss studies (Dattilo and Kris-Etherton, 1992; Franz et al.,

2015; Hasan et al., 2020; Khera et al., 2018; Zomer et al., 2016). Reductions in fasting triglycerides of

5-25 mg/dL reported in meta-analyses of exercise training studies (Ostman et al., 2017; Wewege et al.,

2018; Igarashi and Nogami, 2019; Lin et al., 2015) are slightly less than the 11-58 mg/dL reductions

observed after weight-loss interventions (Franz et al., 2015; Zomer et al., 2016; Dattilo and Kris-Etherton,

1992).

Average weight loss in exercise training studies is minor, differing by < 0.50 kg from control groups and is

not significantly correlated with the improvements in blood lipids (Halbert et al., 1999).
Vascular function

Vascular function has been reported to be impaired in obesity (Arcaro et al., 1999; Ne et al., 2017; Toda and

Okamura, 2013) and improved by weight loss (Joris et al., 2015). In a meta-analysis of weight-loss studies

that excluded interventions in which weight loss was achieved by exercise alone, weight loss averaging

8.6 kg improved flow-mediated dilation (FMD) by 3.29% in 4 RCTs (Joris et al., 2015). In 33 studies without

a control group, a 2.66% improvement in FMD was observed when weight loss exceeded the median level

of weight loss (mean weight in these studies = 18.8 kg), and a 0.78% improvement in FMD was observed

when weight loss was below the median level (mean weight loss in these studies = 5.7 kg). Meta-regression

suggested that a 10-kg weight loss was associated with a 1.11% improvement in FMD.

By comparison, several meta-analyses of exercise training studies indicated that exercise training is asso-

ciated with an increase in FMD of approximately 1%–4% (Early et al., 2017; Pearson and Smart, 2017; Ramos

et al., 2015). Thus, the improvements in FMD reported in exercise training studies are comparable to those

observed with weight-loss interventions. The meta-analyses of exercise training studies did not consider

the potential contribution of weight loss or fat loss to the improvements in FMD. However, weight loss

in exercise training studies is usually minimal (Donnelly et al., 2009; Donnelly and Smith, 2005; Foright

et al., 2018; Pontzer, 2015; Thorogood et al., 2011), and certainly less than the median weight loss of

5.7 kg reported for weight-loss interventions (Joris et al., 2015). This strongly suggests that the impact of

exercise on vascular function is largely independent of weight loss.
EXERCISE TARGETS ‘‘UNHEALTHY’’ FAT

Ectopic fat, including VAT and fat stores in the liver and other lean tissues, is associated with increased risk

of CVD and T2D (Piche et al., 2018; Despres, 2015). Sedentary individuals with obesity typically have high

levels of ectopic fat, and this may contribute in large part to the higher mortality risk associated with

obesity.

Although exercise training typically does not lead to significant reductions in body weight or total body fat,

exercise training can significantly reduce visceral and ectopic fat. This may explain why exercise interven-

tions routinely are associated with improvements in cardiometabolic risk profiles with little, if any, weight

loss. Meta-analyses of aerobic exercise training in adults with overweight or obesity demonstrate that ex-

ercise significantly reduces VAT and hepatic fat (Ismail et al., 2012; Keating et al., 2012, 2015a, 2015b; Sabag

et al., 2017; Vissers et al., 2013). In these studies, weight loss is frequently less than 1 kg.
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Weight loss is associated with a reduction in VAT, but exercise training tends to be more effective at

reducing VAT despite significantly less total weight loss (Verheggen et al., 2016). Although reduction in

VAT is correlated to total weight loss after both exercise training and caloric restriction, the loss of VAT

is �50% greater with exercise training for a given amount of weight loss (Verheggen et al., 2016). For

perspective, consider the lower end of current weight loss recommendations, �5% body weight (Garvey

et al., 2016; Jensen et al., 2014; Kushner, 2018; Kushner and Ryan, 2014). A 5% weight loss via exercise

training is associated with a 21.3% reduction in VAT, whereas the same weight loss achieved via caloric re-

striction is associated with only a 13.4% reduction in VAT. To achieve the same amount of VAT reduction as

a 5% weight loss by caloric restriction, a weight loss of only 2-3% is needed through exercise training.

A meta-analysis of adults with T2D demonstrated that exercise training was associated with a significant

reduction in VAT despite minimal overall weight loss (Sabag et al., 2017). Although large weight losses,

e.g., with severe energy-restricted dieting or bariatric surgery, are associated with greater reductions in

VAT and ectopic fat than occurs with exercise training (Sabag et al., 2017), it is important to identify stra-

tegies that are effective for reducing VAT and ectopic fat in the face of minimal weight loss. Most of the

studies included in the meta-analyses of exercise training and ectopic fat loss used exercise interventions

consistent with current public health guidelines (Piercy et al., 2018). These may be more sustainable than

very low-energy-restricted dieting, and are not invasive like bariatric surgery.

Reducing hepatic fat may be more important than loss of VAT for lowering risk of cardiovascular disease

and T2D (Fabbrini et al., 2009). For a given amount of VAT, higher amounts of hepatic fat are associated

with the dysmetabolism associated with obesity, particularly greater insulin resistance. This is relevant

because even in individuals with high amounts of hepatic fat, this fat depot comprises only �1% of total

body fat (Fabbrini et al., 2009). Although the magnitude of reduction in hepatic fat is correlated with the

amount of weight loss, clinically significant reductions in hepatic fat are achieved even with relatively little

weight loss (Koutoukidis et al., 2021; Hens et al., 2016). Hepatic fat is reduced via exercise training even

when weight loss is negligible (Hens et al., 2016; Keating et al., 2012, 2015a, 2015b; Sabag et al., 2017).

Consequently, this may help explain the well-documented beneficial effects of regular exercise for

reducing risks of CVD and T2D.

Exercise improves ‘‘fitness’’ of adipose tissue

In addition to reducing levels of VAT and ectopic fat, exercise also has important effects on white adipose

(Dewal and Stanford, 2019; Dollet and Zierath, 2019; Lehnig et al., 2019; Lehnig and Stanford, 2018; Stan-

ford and Goodyear, 2018; Stanford et al., 2015; Townsend et al., 2017; Riis et al., 2019). Exercise training

induces molecular adaptations in white adipose that increase mitochondrial biogenesis and insulin sensi-

tivity (Dewal and Stanford, 2019; Dollet and Zierath, 2019; Riis et al., 2019). The improved insulin sensitivity

in adipose tissue partly mediates exercise training-induced improvements in glucose tolerance (Dollet and

Zierath, 2019), and is independent of significant weight loss (Riis et al., 2019; Stanford and Goodyear, 2018).

In rodent models, transplantation of white adipose tissue from exercise-trained animals into sedentary an-

imals has been shown to reduce fasting concentrations of blood glucose, insulin, and cholesterol, and in-

crease glucose tolerance (Lehnig and Stanford, 2018; Stanford et al., 2015). Transplant-recipient animals

also demonstrate increased insulin-stimulated glucose uptake in their skeletal muscle (Lehnig and Stan-

ford, 2018). These studies indicate that exercise-induced adaptations in white adipose tissue improve

whole-body metabolic health, and illustrate that adipose tissue serves as an important endocrine tissue

that undergoes beneficial adaptations to exercise (Stanford and Goodyear, 2018). It has been suggested

that exercise may increase the secretion of myokines and adipokines that facilitate ‘‘cross-talk’’ between

muscle and adipose tissue to improve overall metabolic health (Stanford and Goodyear, 2018). These

studies should not be interpreted to reject the effect of weight loss on insulin sensitivity, as weight loss

achieved via caloric restriction improves insulin sensitivity in white adipose tissue (Mileti et al., 2021; Eriks-

son-Hogling et al., 2015). However, as demonstrated by the studies described above, weight loss is not a

prerequisite for improvement in insulin sensitivity.

HEALTHY OBESITY PHENOTYPE: IMPORTANCE OF CARDIORESPIRATORY FITNESS AND

PHYSICAL ACTIVITY

The metabolically healthy obese (MHO) phenotype has been acknowledged since at least 2001 (Sims,

2001). Since then, the number of publications on the metabolically healthy (or unhealthy) phenotype has

increased dramatically (Ortega et al., 2018). There has been considerable discussion and debate over
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the MHO phenotype and whether there is such a thing as ‘‘healthy obesity’’ (Brown and Kuk, 2015; Eckel

et al., 2016; Kramer et al., 2013, 2014; Ortega et al., 2013, 2015, 2018; Roberson et al., 2014; Hsueh et al.,

2020; Huang et al., 2020; Lin et al., 2020; Yeh et al., 2019).

The MHO phenotype has typically been defined as having no more than one component of the metabolic

syndrome or the absence of themetabolic syndrome (whichmay permit up to two components of themeta-

bolic syndrome). Further complicating interpretation of mortality and chronic disease risk associated with

MHO is the fact that criteria used to define the metabolic syndrome also vary across studies (Eckel et al.,

2016). The lack of standardized criteria used to define MHO has undoubtedly contributed to confusion

as to whether the MHO phenotype is truly healthy and absent of risk relative to metabolically healthy

normal weight (MHNW) individuals. Regardless, defining MHO as allowing even one component of the

metabolic syndrome is problematic because it could be argued that such a phenotype is not truly metabol-

ically healthy.

Furthermore, dichotomizing obesity phenotypes into ‘‘healthy’’ and ‘‘unhealthy’’ based on cut-points for

continuous variables used to define the metabolic syndrome discounts the additive effect of accumulating

multiple risk factors used to define the metabolic syndrome. To improve risk stratification of obesity, stag-

ing systems such as the Edmonton Obesity Staging System (EOSS) (Kuk et al., 2011; Sharma and Kushner,

2009) and the Cardiometabolic Disease Staging (CMDS) (Guo and Garvey, 2017; Guo et al., 2014) system

have been developed. These systems use a 5-point scale that essentially stratifies the risks ranging from

individuals having no obesity-related cardiometabolic risk markers (stage 0) to individuals with severe

(potentially end-stage) disabilities from obesity-related chronic diseases such as T2D and CVD (stage 4).

Both staging systems have been shown to improve risk stratification associated with obesity-related co-

morbidities and may provide clinicians with a useful approach to identify individuals with obesity who

may benefit the most from treatment to reduce risk.

One major limitation of the EOSS and CMDS is that they do not consider PA or CRF in the risk assessment.

In fact, virtually all studies to date, including most reviews and meta-analyses, have not included assess-

ments of PA and CRF to characterize MHO (Brown and Kuk, 2015; Eckel et al., 2016; Hsueh et al., 2020;

Huang et al., 2020; Kramer et al., 2013, 2014; Lin et al., 2020; Yeh et al., 2019). This is important because

individuals with MHO engage in more moderate-to-vigorous PA and have a higher level of CRF than indi-

viduals with a metabolically unhealthy obesity (MUO) phenotype, and also spend less time in sedentary be-

haviors (Ortega et al., 2018). Each of these could contribute to morbidity and mortality risk (Kodama et al.,

2009; Kraus et al., 2019; Patterson et al., 2018). Because individuals with the MHO phenotype are more

physically active, it is likely that the exercise-induced adaptations in adipose tissue, described in the pre-

vious section, contribute to the reduced cardiometabolic risk associated with the MHO phenotype.

Althoughmost reviews andmeta-analyses indicate that MHO is associated with reducedmortality and CVD

risk compared to MUO, risk is not eliminated, i.e., when compared to MHNW (Hsueh et al., 2020; Huang

et al., 2020; Kramer et al., 2013; Lin et al., 2020; Yeh et al., 2019). These studies, however, did not include

measures of CRF or PA. In studies that included CRF in their statistical analyses, higher mortality risk asso-

ciated with MHO was eliminated (Ortega et al., 2015, 2018; Roberson et al., 2014). When PA was accounted

for, CVD morbidity and mortality remained elevated by 24% compared to MHNW, but all-cause mortality

was not different between the two groups (Ortega et al., 2018). Therefore, as discussed above, PA may not

be sufficient to eliminate the higher CVD risk associated with MHO. These studies do, however, highlight

the necessity of including CRF and/or PA in risk assessment of MHO.
OPTIMIZATION OF PHYSICAL ACTIVITY AND CARDIORESPIRATORY FITNESS

The American Heart Association (AHA) recommends that CRF bemeasured in clinical practice as a vital sign

(Ross et al., 2016), and the ‘‘Exercise is Medicine’’ initiative jointly launched in 2007 by the American College

of Sports Medicine (ACSM) and the AHA recommends that PA be assessed as a vital sign (Cowan, 2016).

Routine assessment of CRF and PA would allow for identification of individuals who would benefit from

increased PA. Because individuals with overweight or obesity are generally less active (Tudor-Locke

et al., 2010) and have lower levels of CRF (Duncan, 2010) than their thinner counterparts, it is this population

of adults with high BMI that stands to benefit the most by increasing PA (Kraus et al., 2019; Ross et al., 2016).

Increasing PA, especially if it includes moderate-to-vigorous-intensity activity, would also have the effect of

increasing CRF. We have shown that adults with obesity can increase CRF byR 1 MET after just 8 weeks of
16 iScience 24, 102995, October 22, 2021
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either moderate-intensity continuous or high-intensity interval exercise training (Sawyer et al., 2016). This

occurred despite no loss of body weight or body fat. As discussed above (Figure 6), an increase in CRF

of 1 MET is associated with a 14%–29% lower risk of all-cause mortality and a 19% lower risk of CVD mor-

tality. These reductions are equal to, or greater than, the reductions associated with weight loss (Figure 3).

Because of the poor success rates for long-term weight-loss maintenance (Anderson et al., 2001; Dansinger

et al., 2007; Sumithran and Proietto, 2013), and because exercise training rarely results in significant weight

loss for most adults (Donnelly et al., 2009; Donnelly and Smith, 2005; Foright et al., 2018; Thorogood et al.,

2011), it is essential to encourage PA as more than just a tool to produce an energy deficit. Broadly

speaking, the ACSM recommendation is to sit less andmovemore. Further, specific aerobic activity recom-

mendations for adults are to engage in 150-300 min of moderate-intensity PA per week or 75-150 min of

vigorous PA per week along with recommendations to engage in muscle strengthening activities such as

resistance training at moderate or greater intensities for all major muscle groups for at least two or

more, non-consecutive days per week. Before prescribing exercise, health care professionals should

risk-stratify their patients based on the ACSM preparticipation screening guidelines (Riebe et al., 2015).

Generally, medical clearance is recommended for those with a history of CVD, metabolic or renal disease,

or who exhibit signs and symptoms of these conditions. Following risk stratification, health care profes-

sionals can provide an exercise prescription or alternatively or provide a PA referral to a qualified exercise

professional.
SUMMARY AND CONCLUSIONS

The increased prevalence of weight loss attempts in the United States has coincided with the increased

prevalence of obesity. Thus, a weight-centric approach to obesity treatment and prevention has been

largely ineffective. It is unlikely that continued focus on weight loss as the primary metric for success will

reverse the trends in obesity prevalence or result in sustainable weight loss. In fact, chronic weight cycling

is the norm for millions of adults and is likely to remain so for as long as weight loss persists as the corner-

stone of obesity treatment. Weight cycling is associated with health risks that are very similar to those asso-

ciated with obesity, including higher all-cause mortality risk, and may contribute to weight gain.

A weight-neutral approach to treating obesity-related health conditions may be as, or more, effective than

a weight-loss-centered approach, and could avoid pitfalls associated with repeated weight loss failure (Ba-

con and Aphramor, 2011, Brown and Kuk, 2015; Gaesser et al., 2011, 2015, Ross et al., 2015). Table 1 sum-

marizes the major points in support of a weight-neutral strategy for obesity treatment, which focuses on

increasing PA and improving CRF. Such an approach does not assume that obesity is entirely benign, or

that there are not circumstances that may necessitate weight loss (Guo and Garvey, 2017; Guo et al.,

2014; Jensen et al., 2014; Kuk et al., 2011; Kushner, 2018; Kushner and Ryan, 2014; Sharma and Kushner,

2009). However, many obesity-related health conditions are more likely attributable to low PA and CRF

rather than obesity per se. Epidemiological studies show that CRF and PA significantly attenuate, and

sometimes eliminate, the increased mortality risk associated with obesity. More importantly, increasing

PA or CRF is consistently associated with greater reduction in risk of all-cause and CVDmortality than inten-

tional weight loss. In addition, improvements in major cardiometabolic risk markers with exercise training

are comparable to those associated with weight loss typically achieved by caloric restriction.

We acknowledge that focusing on PA and CRF without establishing a specific weight-loss target is a chal-

lenging proposition when nearly three-fourths of women and more than half of men desire to weigh less

(Yaemsiri et al., 2011). However, desire is often incompatible with physiology, and this is clearly evident

with weight loss. The amount of weight individuals with obesity frequently indicate that they would like

to lose (Dalle Grave et al., 2005; Foster et al., 1997) is greater than what is recommended (Garvey et al.,

2016; Jensen et al., 2014; Kushner, 2018; Kushner and Ryan, 2014), and considerably greater than the typi-

cally observed values with weight loss interventions (Franz et al., 2015; Mudaliar et al., 2016; Zomer et al.,

2016). Alternatively, these individuals may be more willing to adopt a weight-neutral PA program if health

care professionals promoted this perspective more vigorously and regularly emphasized the health bene-

fits of increasing PA and reducing sedentary behaviors in the absence of weight loss (Bacon and Aphramor,

2011).

Increasing PA and CRF should be a high priority throughout the health care system. In addition to the

obvious health benefits, increasing CRF may also substantially reduce health care costs. In the Veterans
iScience 24, 102995, October 22, 2021 17



Table 1. Rationale for a weight-neutral strategy for obesity treatment: shifting the focus from weight loss to

increasing physical activity and improving cardiorespiratory fitness
� 40-year trends in prevalence of obesity and weight loss attempts indicate that a weight-centric focus on obesity

treatment has been largely ineffective

� physical activity and cardiorespiratory fitness attenuate the association between BMI and mortality

� increases in physical activity and/or cardiorespiratory fitness are associated with greater reductions in mortality
risk than is intentional weight loss

� regular exercise improves major markers of cardiometabolic health independent of weight loss

� regular exercise improves major markers of cardiometabolic health comparable to improvements observed with
weight loss programs

� exercise improves the fitness of adipose tissue, whichmay contribute to the lowmortality risk associated with the
‘‘fit’’ MHO phenotype

� although exercise training typically results in little, if any, weight loss, exercise training-induced weight loss re-
sults in greater decreases in visceral abdominal fat than the same amount of energy restriction-induced weight
loss

� liposuction does not improve major risk markers of cardiovascular disease and diabetes

� a focus on increasing physical activity without a specific weight loss goal may reduce prevalence weight cycling,
which is associated with increased risk of sarcopenic obesity, morbidity, and mortality

� maintaining a physically active lifestyle may be more feasible than maintaining weight loss
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Exercise Testing Study, annual health care costs for moderately-to-highly-fit men with obesity were

�$10,000-$27,000 lower than the health care costs for least fit men in the normal BMI category (de Souza

de Silva et al., 2019). This suggests that the higher health care costs of obesity may be largely because of

low CRF rather than a high BMI.

A weight-neutral approach does not mean that weight loss should be categorically discouraged. Such an

approachmay not be feasible when somany adults want to lose weight. But shifting the focus away fromweight

loss as the primary goal, and instead focusing on increasing PA to improve CRF, may be prudent for treating

obesity-related health conditions. Weight loss may result from increased PA, but not always (Caudwell et al.,

2013; Donnelly and Smith, 2005; King et al., 2009; Lamarche et al., 1992; Sawyer et al., 2015). Even energy restric-

tion approaches do not always lead to predictable weight loss (Dansinger et al., 2005; Gardner et al., 2018). The

individual variability in weight change in response to PA and energy restriction interventions is tremendous, with

many failing to lose the expected amount of weight based on the energy expenditure of accumulated exercise

sessions (Caudwell et al., 2013; Donnelly and Smith, 2005; King et al., 2009; Lamarche et al., 1992; Sawyer et al.,

2015) or the energy deficit of the hypocaloric diet (Dansinger et al., 2005; Gardner et al., 2018). This reality has

undoubtedly led to countless instances of frustration and discontinuation of lifestyle interventions (Ross et al.,

2015). Emphasizing the intrinsic value of PA and CRF—as primary outcomes—may avoid repeating ‘‘failures’’

associated with a weight-centric approach.

Pragmatically, it may be more prudent to focus on PA rather than weight loss. In the Diabetes Prevention

Program (DPP) (Knowler et al., 2002) and the Finnish Diabetes Prevention Study (FDPS) (Tuomilehto et al.,

2001), up to twice as many participants were able to achieve the PA recommendation (150 min/week in the

DPP; 120 min/week in the FDPS) than they were able to achieve the weight loss goal (>7% of initial body

weight in the DPP; >5% initial body weight in the FDPS). For purposes of survival, the results of HUNT

(Nord-Trøndelag Health Study) are instructive. During a 15.7-year follow-up of adults with coronary heart

disease, compared to those who remained sedentary, sustained low PA was associated with 19% lower

all-cause mortality risk and sustained high PA was associated with a 36% lower all-cause mortality risk (Mo-

holdt et al., 2018). Weight loss, by contrast, was associated with a 30% increased mortality risk, whereas

weight gain was not associated with mortality risk. These results support recommendations to increase

or maintain PA and not focus exclusively on weight loss.

Shifting the primary focus from weight loss to fitness via increased PA will undoubtedly be challenging.

Whether a weight-neutral paradigm can be fully embraced, and whether increased PA and CRF can be

maintained throughout a lifetime, remains to be seen.
18 iScience 24, 102995, October 22, 2021
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