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Abstract

Background: Intentional weight loss is associated with lower risk of heart failure (HF) and 

atherosclerotic cardiovascular disease (CVD) among patients with type 2 diabetes mellitus 

(T2DM). However, the contribution of baseline measures and longitudinal changes in fat mass 

(FM), lean mass (LM), and waist circumference (WC) to the risk of HF and myocardial infarction 

(MI) in T2DM is not well established.

Methods: Adults from the Look AHEAD (Action for Health in Diabetes) trial without prevalent 

HF were included. FM and LM were predicted using validated equations and compared with 
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dual-energy X-ray absorptiometry (DXA) measurements in a subgroup. Adjusted Cox models 

were used to evaluate the associations of baseline and longitudinal changes in FM, LM, and WC 

over 1- and 4-year follow-up with risk of overall HF, HF with preserved ejection fraction (EF) 

(HFpEF: EF ≥50%), HF with reduced EF (HFrEF: EF <50%), and MI.

Results: Among 5,103 participants, there were 257 incident HF events over 12.4 years of follow­

up. Predicted and measured FM / LM were highly correlated (R2=0.87-0.90) (n=1,369). FM and 

LM decreased over 4-year follow-up with greater declines in the intensive lifestyle intervention 

arm. In adjusted analysis, baseline body composition measures were not significantly associated 

with HF risk. Decline in FM and WC, but not LM, over 1-year were each significantly associated 

with lower risk of overall HF (aHR per 10% decrease in FM [95%CI] = 0.80 [0.68-0.95], aHR 

per 10% decrease in WC [95%CI] = 0.77 [0.62-0.95]). Decline in FM was significantly associated 

with lower risk of both HF subtypes. In contrast, decline in WC was significantly associated with 

lower risk of HFpEF but not HFrEF. Similar patterns of association were observed for 4-year 

changes in body composition and HF risk. Longitudinal changes in body composition were not 

significantly associated with risk of MI.

Conclusions: In adults with T2DM, a lifestyle intervention is associated with significant loss of 

FM and LM. Decline in FM and WC, but not LM, were each significantly associated with lower 

risk of HF but not MI. Furthermore, decline in WC was significantly associated with lower risk of 

HFpEF but not HFrEF.

Clinical Trial Registration: URL: https://www.clinicaltrials.gov. Unique identifier: 

NCT00017953.
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INTRODUCTION

The global burden of diabetes is increasing, and it is estimated to affect 700 million 

adults worldwide by 2045.1 The increasing prevalence of type 2 diabetes mellitus (T2DM) 

has been attributed to the growing burden of obesity and associated cardiometabolic 

dysfunction. T2DM is associated with 2-fold higher risk of adverse cardiovascular (CV) 

events such as myocardial infarction (MI) and heart failure (HF).2 Furthermore, while 

optimal control of traditional risk factors has been shown to mitigate the risk of MI, the risk 

of HF persists highlighting the need for novel approaches to its prevention.3

Besides contributing to the increasing burden of T2DM, obesity, commonly measured as 

high levels of body mass index (BMI), is also an important modifiable risk factor for CV 

disease (CVD), including HF. In the Look AHEAD (Action for Health in Diabetes) trial, 

reduction in BMI on follow-up was associated with lower risk of HF and atherosclerotic 

CVD among participants with T2DM who had overweight or obesity.4, 5 However, BMI is 

a heterogeneous composite measure of body size that does not differentiate metabolically 

distinct components such as fat mass (FM) and lean mass (LM). Differences exist in the 

cardiometabolic and CV phenotypes associated with specific adipose tissue depots, with 
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visceral adiposity considered particularly detrimental for CV health.6-9 The associations of 

changes in different body composition parameters in response to weight loss interventions 

with risk of HF and MI are not well known. This represents an important knowledge gap to 

identify key targets for lifestyle interventions for prevention of HF and MI.

A major challenge to evaluating the contribution of changes in body composition towards 

the risk of HF and MI is the cumbersome nature of its assessment. However, recently, Lee et 

al. developed and validated a model to estimate FM and LM among adults using readily 

available clinical data.10 In the present study, we validated established anthropometric 

prediction equations using direct measures of FM and LM in a subset of participants from 

the Look AHEAD trial who underwent a dual-energy X-ray absorptiometry (DXA) scan. 

Additionally, we evaluated the associations of baseline and longitudinal changes in FM and 

LM, estimated from prediction equations, and waist circumference (WC) with the risk of 

HF, its subtypes (HF with preserved ejection fraction [HFpEF] and HF with reduced ejection 

fraction [HFrEF]), and MI. We hypothesized that reductions in FM and WC will be strongly 

associated with lower risk of HF and MI on follow-up.

METHODS

The data used for the present study will not be made available by the authors for the sole 

purpose of reproducing the study results.

Study design and participants

The study design and primary results of the Look AHEAD trial have been published 

previously.11, 12 In brief, the Look AHEAD trial was a randomized clinical trial that 

evaluated the effects of an intensive lifestyle intervention (ILI) focused on weight loss and 

increased physical activity versus diabetes support and education (DSE) among 5,145 adults 

with T2DM who had overweight or obesity. Additional details regarding eligibility criteria 

and trial interventions are described further in the Methods in the Supplement. The present 

study is a post-hoc analysis of the Look AHEAD trial and included participants (n = 5,103) 

without prevalent HF at baseline who had available baseline data necessary to estimate 

FM and LM based on prediction equations (demographics and anthropometric parameters), 

WC measurements, and had longitudinal follow-up to identify incident CV events (Figure 

I in the Supplement). Participants with missing data on left ventricular ejection fraction 

(LVEF) for an incident HF event on follow-up were excluded from the HF subtype analysis 

(n = 24 in baseline body composition measure analysis). Finally, participants with history 

of atherosclerotic CVD were also excluded from the analyses evaluating the associations 

of body composition measures with risk of incident MI. All participants provided written 

informed consent and the institutional review board of each site approved the study protocol 

and consent form.

Exposure variables and covariates

The primary exposure variables of interest were estimated FM, LM, and measured WC. Sex­

specific anthropometric equations to estimate FM and LM were developed using clinical 

information and DXA results from the National Health and Nutrition Examination Survey.10 
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Prior studies have demonstrated that these anthropometric equations have high predictive 

ability (R2 for FM = 0.90-0.93; R2 for LM = 0.85-0.91) and estimated body composition 

measures have differential associations with risk of CVD death.10, 13 In the present study, 

these anthropometric equations used to estimate FM and LM were validated in the subgroup 

of participants from the Look AHEAD trial cohort who had direct measurements of FM 

and LM using DXA scans and then applied to estimate FM and LM in the overall study 

population.14, 15 The sex-specific anthropometric prediction equations used to estimate FM 

and LM incorporate age, sex, race/ethnicity, height, body weight, and WC as detailed in 

Table 1.10 Height was measured at study entry using a stadiometer.16 Weight and WC 

were assessed at baseline and during annual follow-up. Weight was measured in kilograms 

(kg) using a digital scale. WC was measured in centimeters (cm) with a Gulick II tape 

measure (model 67020) at the level of the iliac crest.17 Height, weight, and WC were each 

measured in duplicate and the average value was used for analysis. Other clinical covariates 

are described in detail in the Methods in the Supplement.

Study Endpoints: Incident HF and MI

The primary endpoint was incident HF hospitalization that was clinically adjudicated over 

12.4 years of follow-up as described previously.4 HF cases were initially identified based 

on self-report and International Classification of Diseases, Ninth Revision codes from 

hospitalizations. Based on review of clinical data from hospitalization records, each event 

was classified as either definite or possible acute decompensated HF, chronic stable HF, 

HF unlikely, or unclassifiable. Definite or possible acute decompensated HF was considered 

an incident HF event using a previously established protocol.18 HF events with available 

data on LVEF at the time of the incident HF hospitalization were further subclassified as 

HFpEF (LVEF ≥50%) or HFrEF (LVEF <50%). Participants with missing data on LVEF 

for an incident HF event on follow-up were excluded from the HF subtype analysis (n 

= 16 in year 1 change in body composition analysis, n = 20 in year 4 change in body 

composition analysis). Secondary outcome of interest for the present study was incident 

MI event (fatal or non-fatal) during the follow-up period. Diagnosis of MI was based 

on a combination of history, electrocardiogram readings, and levels of cardiac biomarkers 

as previously described.12 Briefly, after review of the medical history, cardiac signs or 

symptoms were considered present or absent. Electrocardiogram tracings were reviewed by 

adjudicators and findings were classified as either evolving diagnostic, positive, nonspecific, 

or normal / other. Biomarker findings were classified based on the timing, levels, and pattern 

as either diagnostic, equivocal, missing, or normal. All clinical endpoints were adjudicated 

by reviewers blinded to randomized treatment group assignment.

Statistical analysis

Anthropometric prediction equations were validated among participants who had a DXA 

scan and available data to estimate body composition measures at baseline, 1- and 4­

year follow-up. Predicted FM and LM were estimated for all study participants and the 

association between predicted and measured body composition parameters was assessed by 

the coefficient of determination (R2). Bland-Altman analysis was performed to evaluate 

agreement and assess for any systematic bias between predicted and measured body 

composition parameters. Across randomized treatment groups, differences in 1- and 4-year 
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percent change in body composition measures were evaluated using generalized linear 

models.

Baseline characteristics were reported across tertiles of FM, LM, and WC as mean (standard 

deviation) for continuous variables and number (percentage) for categorical variables. 

Generalized linear models were used to compare baseline characteristics across groups. 

Multivariable-adjusted Cox proportional hazards analysis was performed to evaluate the 

independent associations of different body composition parameters (FM, LM, WC) with risk 

of HF. Separate models were constructed for overall HF, HFpEF, and HFrEF outcomes with 

mortality and end of follow-up as censoring events. For HFpEF and HFrEF models, the 

other HF subtype was also treated as a censoring event. Based on biological plausibility and 

prior epidemiological studies,4, 5 the following covariates were included in the sequentially 

adjusted models: Model 1 = demographics (age, sex, race/ethnicity, education, income), 

treatment group; Model 2 = Model 1 plus cardiorespiratory fitness (CRF); Model 3 = Model 

2 plus traditional CV risk factors (history of hypertension, systolic blood pressure [BP], 

smoking status, alcohol use status, estimated glomerular filtration rate [eGFR], diabetes 

duration, insulin use, glycated hemoglobin [HbA1c]), history of CVD, FM, LM. Owing to 

collinearity, FM and LM were not included in Model 3 evaluating the association of WC 

with HF outcomes.

The associations of longitudinal changes in FM, LM, and WC from baseline to 1- and 4-year 

follow-up with risk of HF events were evaluated in landmark analyses restricted to the 

subset of participants without an interval HF event before the follow-up visit. Participants 

were stratified across data-derived tertiles of percent change (% Δ) in FM and LM to 

compare baseline and follow-up characteristics. The associations of 1- and 4-year % Δ in 

body composition parameters (FM, LM, and WC) with risk of HF outcomes were assessed 

using adjusted Cox models as detailed above with adjustment for the following covariates: 

Model 1 = demographics (age, sex, race/ethnicity, education, income), treatment group, 

CRF, traditional CV risk factors (history of hypertension, systolic BP, smoking status, 

alcohol use status, eGFR, diabetes duration, insulin use, HbA1c), history of CVD; Model 2 
= Model 1 + % Δ in FM (except for WC model), % Δ in LM (except for WC model), % Δ in 

HbA1c, % Δ in systolic BP. Sensitivity analyses were performed to evaluate the association 

of baseline and short-term (1-year) longitudinal changes in body composition measures with 

risk of incident HFpEF and HFrEF hospitalization events among participants without a prior 

history of CVD.

Among participants with no prior history of CVD, the associations of baseline and 

longitudinal % Δ (1- and 4-year) in FM, LM, and WC with risk of incident MI were assessed 

using similar adjusted Cox models. Multiplicative interaction testing was performed to 

determine if the observed associations between body composition parameters and risk of CV 

outcomes were modified by sex and treatment arm.

All statistical tests were two-sided and p-value <0.05 was considered statistically significant. 

Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, North 

Carolina, United States).
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RESULTS

Validation of anthropometric prediction equations

At baseline, 1,369 participants had predicted and DXA-based measures of FM and LM. 

Predicted and DXA-based FM were highly correlated (R2 = 0.87). The correlation between 

predicted and DXA-based LM was similarly high (R2 = 0.90). Agreement between predicted 

and DXA-based measures of FM and LM are shown in Bland-Altman plots (Figure 1). Bias 

(95% limits of agreement) for baseline predicted and DXA-based measures of FM and LM 

were 0.08 (−0.11 to 0.27) kg and 0.98 (0.77 to 1.19) kg, respectively. Similar findings were 

observed when examining year 1 and year 4 predicted and DXA-based measures of FM and 

LM (Figure II in the Supplement).

Changes in lean mass and fat mass with a lifestyle intervention

Participants randomly assigned to the ILI treatment group had greater 1- and 4-year 

reductions in FM and LM compared with those assigned to the DSE (p<0.001 for all) 

(Figure 2). The median reductions in FM and LM in the ILI group were −4.7 kg (IQR: −7.7 

to −2.2 kg) and −2.7 kg (IQR: −4.7 to −1.1 kg), respectively, over 1-year follow-up, and 

−2.0 kg (IQR: −5.1 to 0.7 kg) and −1.8 kg (IQR: −3.9 to −0.1 kg), respectively, over the 

4-year follow-up period.

Baseline characteristics of participants across body composition measures

Baseline characteristics of participants across tertiles of FM, LM, and WC are shown in 

Table 2 and Table I in the Supplement. Participants with higher FM were more commonly 

women, white, and had higher burden of cardiometabolic risk factors such as hypertension, 

higher HbA1c, higher low-density lipoprotein cholesterol (LDL-C) but lower prevalence of 

established CVD. At enrollment, participants with higher LM and WC at baseline were 

more commonly men, white, and had higher burden of traditional risk factors including 

hypertension and prevalent CVD.

Association of baseline body composition measures and risk of heart failure

Over 12.4 years of follow-up, an incident HF hospitalization event was observed in 257 

participants (129 HFpEF, 104 HFrEF, 24 missing LVEF). In adjusted analysis, higher 

baseline FM, LM, and WC were each significantly associated with higher risk of overall 

HF after adjustment for demographics and treatment assignment (HR [95% CI] per 10 kg 

higher FM = 1.29 [1.14 to 1.46], per 10 kg higher LM = 1.32 [1.15 to 1.52], per 10 cm 

higher WC = 1.26 [1.16 to 1.38]) (Table 3, model 1). However, these associations were 

attenuated and no longer significant after additional adjustment for CRF (Table 3, model 2) 

and further adjustment for traditional CV risk factors and other body composition measures 

(Table 3, models 3). The association between baseline measures of body composition and 

risk of HF was not modified by sex or treatment arm (p-interaction >0.05 for all). Among 

HF subtypes, baseline measures of FM, LM, and WC, were not significantly associated with 

risk of HFpEF or HFrEF in the most adjusted model (Table 3, model 3). A similar pattern 

of association was observed in a sensitivity analysis excluding participants with a history of 

CVD (Figure III in the Supplement).
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Longitudinal changes in body composition measures and risk of HF

Baseline and follow-up characteristics of study participants across strata of short-term (1­

year) and intermediate-term (4-year) change in FM and LM are shown in Tables II-III in 

the Supplement. Participants with greater decline in FM and LM over follow-up were more 

commonly white, randomized to the ILI treatment group, and had fewer CVD risk factors 

including lower LDL-C, lower HbA1c, and less insulin use. Additionally, participants with 

greater decline in FM and LM during follow-up had significantly greater reductions in other 

body composition and cardiometabolic parameters such as WC, systolic BP, and HbA1c.

In adjusted analysis, greater short-term (1-year) reduction in FM was significantly associated 

with lower risk of HF after adjustment for baseline demographic characteristics, treatment 

group, CV risk factors, and CRF (HR [95% CI] per 10% decrease in FM = 0.74 [0.64 to 

0.86]) (Table 4, model 1). This association between greater reduction in FM and lower risk 

of HF remained significant after further adjustment for other changes in body composition 

and cardiometabolic parameters (HR [95% CI] per 10% decrease in FM = 0.80 [0.68 to 

0.95]) (Table 4, model 2). Similar patterns of association were noted between short-term 

changes in FM and risk of HF subtypes such that a 10% decrease in FM from baseline to 

1-year follow-up was significantly associated with 22% lower risk of HFpEF and 24% lower 

risk of HFrEF.

Similarly, short-term (1-year) change in WC was significantly associated with risk of overall 

HF independent of baseline characteristics, changes in other body composition measures, 

and changes in cardiometabolic parameters (HR [95% CI] per 10% decrease in WC = 0.77 

[0.62 to 0.95]) (Table 4, model 2). Among HF subtypes, short-term (1-year) decline in 

WC was significantly associated with lower risk of HFpEF (HR [95% CI] = 0.61 [0.44 to 

0.83]) but not HFrEF. In contrast, short-term (1-year) change in LM was not significantly 

associated with risk of HF in the most adjusted model (Table 4, model 2). In a sensitivity 

analysis restricted to participants with no prior history of CVD, the magnitude and direction 

of associations between these covariates and risk of HFpEF and HFrEF were similar to that 

observed in the primary analysis (Figure IV in the Supplement).

The association between changes in FM, WC, and LM over intermediate-term (4-years) 

follow-up and risk of HF was consistent with that observed for 1-year changes in these 

parameters (Table IV in the Supplement).

Baseline and longitudinal changes in body composition measures and risk of MI

There were 351 incident MI events over follow-up (event rate per 1,000-person years 

= 5.43). In multivariable adjusted Cox models, higher baseline FM and WC were each 

significantly associated with paradoxically lower risk of MI (HR [95% CI] per 10 kg higher 

FM = 0.74 [0.59 to 0.92]; HR [95% CI] per 10 cm higher WC = 0.88 [0.79 to 0.99]) 

(Table 5). In contrast, baseline LM was not significantly associated with risk of MI. The 

association between baseline body composition measures and risk of MI was not different 

across sex-based groups (p-interaction by sex for each body composition parameter >0.05 

for all). In the subset of participants with repeat assessment of body composition parameters 

and no history of CVD prior to 1- (n = 4,413) and 4-year follow-up (n = 4,376), short- 
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(1-year) and intermediate-term (4-year) changes in body composition measures were not 

significantly associated with risk of MI (Table 5).

DISCUSSION

This study has several important findings. First, among overweight or obese adults with 

T2DM, FM and LM could be estimated using previously validated prediction equations with 

good overall agreement with DXA measures. Second, higher levels of baseline measures 

of FM, LM, and WC were significantly associated with higher risk of HF. However, these 

associations were largely related to differences in CRF. In contrast, there was a paradoxical 

association of higher FM and WC with lower risk of MI among the study participants 

independent of potential confounders. Third, reduction in FM over longitudinal follow-up 

was significantly associated with lower risk of incident HF hospitalization with consistently 

lower risk for both HF subtypes. Finally, reduction in central adiposity, as measured by WC, 

was also significantly associated with lower risk of HF, which was driven by reduction in 

risk of HFpEF but not HFrEF. Taken together, our study findings suggest that loss of FM 

and central adiposity may be important modifiable targets for prevention of HF, particularly 

HFpEF, in patients with T2DM.

In the Look AHEAD trial, participants assigned to the ILI treatment group had significant 

reductions in DXA-based measures of FM and LM during follow-up.15 However, direct 

evaluation of FM and LM was restricted to approximately 20% of the Look AHEAD 

cohort who underwent DXA testing at select study sites, limiting the evaluation of the 

prognostic importance of changes in body composition measures. In the present study, we 

estimated FM and LM in nearly the entire cohort (>99%) of Look AHEAD participants 

using routinely measured parameters and established, previously validated anthropometric 

prediction equations.10 We demonstrated good overall agreement between anthropometric 

prediction equations and DXA-based measures of FM and LM. Furthermore, similar to 

the DXA substudy, we observed significant reductions in both FM and LM in the ILI 

treatment group.15 Taken together, our study findings highlight the potential role of these 

anthropometric prediction equations among patients with T2DM to estimate and track body 

composition measures longitudinally.

We observed higher risk of HF among participants with higher FM, LM, and WC at 

baseline. However, the associations were largely driven by differences in CRF levels. In 

contrast with our study findings, previous studies have demonstrated significant associations 

of these baseline body composition measures with risk of HF independent of risk 

factors.19, 20 Several factors may underlie these differences. First, prior studies have not 

accounted for differences in CRF. This is particularly relevant as prior works have shown 

that low CRF may account for up to 47% of obesity-associated risk of HF.21 Second, 

higher amounts of adiposity contribute to development of HF through downstream metabolic 

dysregulation. Our study included participants with prevalent T2DM and overweight or 

obesity who have greater baseline metabolic dysfunction and associated risk of HF. Thus, 

the variability in body composition parameters in our study population at baseline may 

not contribute to meaningful differences in the downstream burden of cardiometabolic 

dysfunction.
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In contrast with baseline measures, we observed that longitudinal changes in FM and WC 

were significantly associated with risk of HF independent of other baseline confounders 

and changes in cardiometabolic parameters. Prior studies have demonstrated that intentional 

weight loss and reductions in BMI are associated with lower risk of HF.4 Our study extends 

these observations and suggests that longitudinal reductions in adiposity parameters, but not 

LM, may lower risk of HF. Furthermore, we observed that reduction in central adiposity, 

measured by WC, is more strongly associated with lower risk of HFpEF but not HFrEF. 

Prior studies have demonstrated distinct contributions of regional fat depots, particularly 

visceral adipose tissue, towards risk of HFpEF vs. HFrEF.8 Specifically, higher amounts of 

VAT have been associated with greater risk of HFpEF but not HFrEF. It is plausible that 

loss of central adiposity, assessed by changes in WC, are largely driven by reduction in 

visceral adiposity. Future studies are needed to determine if lifestyle interventions aimed 

at preferential reduction of FM or central adiposity may be effective in preventing HF, 

particularly HFpEF.

Several potential mechanisms may underlie the observed associations between reduction 

in FM and WC and lower risk of HF events. First, it may be related to a direct 

favorable effect of loss of FM and central adiposity on cardiac structure and function.7, 22 

Furthermore, reduction in adiposity measures have been associated with favorable changes 

in cardiac remodeling patterns.23 Second, favorable changes in inflammation-, adipokine-, 

and neurohormonal-related pathways with reductions in adipose tissue mass, particularly 

central adiposity, may also contribute to the lower downstream risk of HF, especially 

HFpEF.24

Patterns of association between baseline and longitudinal changes in body composition 

parameters with risk of MI were markedly distinct from that observed for HF. We observed 

a paradoxically lower risk of MI among individuals with higher baseline FM or WC. This 

is consistent with prior observations among patients with long-standing T2DM and may be 

related to greater metabolic reserve in obese individuals, reverse epidemiology, and residual 

confounding by age (younger individuals with higher adiposity).25

Our study findings have important clinical implications. Randomized controlled trials 

evaluating intentional weight loss interventions, such as intensive lifestyle interventions 

and weight loss pharmacotherapies have not been associated with significant reductions in 

risk of HF.4, 12, 26 Our study findings suggest that the beneficial effects of weight loss 

vary across the different components of body composition parameters. Thus, loss of FM 

and central adiposity, but not LM, are associated with reduction in downstream risk of HF. 

Future studies are needed to evaluate if interventions preferentially targeting large, sustained 

losses of FM and central adiposity may be more effective in lowering the risk of HF. This 

is particularly noteworthy because lifestyle-based weight loss interventions, such as those 

used in the Look AHEAD trial, led to mild reductions in FM followed by regain and, thus, 

may not be effective in lowering the risk of HF.15 In contrast, observational studies among 

patients undergoing bariatric surgery have demonstrated large declines in FM that may be 

durable.27 This long-term effect on FM may contribute to the lower downstream risk of HF 

in patients undergoing bariatric surgery.28 Furthermore, among FM depots, reductions in 

central adiposity may be particularly useful to lower the risk of HFpEF.29 This is particularly 
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relevant considering the growing burden of HFpEF and lack of effective therapies against 

this disease.24

Several limitations to our study are noteworthy. First, direct measures of FM and LM were 

not available in all study participants, and anthropometric prediction equations were used 

to estimate FM and LM in the entire study population. We observed that predicted and 

DXA-based measures of FM / LM were highly correlated and there was excellent agreement 

between the two values highlighting the validity of the estimated body composition 

parameters used in this study. Second, the present study included participants enrolled 

in the Look AHEAD trial who had T2DM and overweight or obesity and were able to 

complete a maximal exercise treadmill test. Thus, there is potential for selection bias and 

study findings may not be generalizable. Third, we do not have measures of regional 

adipose tissue depots, such as visceral adipose tissue, subcutaneous adipose tissue, and 

lower body fat, or measures of muscle strength, each of which could affect downstream 

risk of HF differently.30, 31 Additionally, CRF was estimated based on speed and grade 

achieved during a standardized treadmill-based exercise test protocol rather than direct 

measurement of peak oxygen consumption. However, estimated and direct measures of CRF 

are highly correlated.32, 33 Finally, the primary outcome in the present study was incident 

HF hospitalization and outpatient diagnoses of HF may have been missed. However, incident 

HF hospitalization is an objective endpoint that captures clinically meaningful events and 

this outcome is consistent with that used in prior analyses.4

In conclusion, among participants with T2DM who had overweight or obesity from the Look 

AHEAD trial, anthropometric prediction equations estimated FM and LM with minimal 

bias. Longitudinal decline in FM and WC is associated with lower risk of HF, particularly 

HFpEF, but not MI. Future studies are needed to confirm these findings and investigate 

whether interventions targeting preferential reductions in FM and central adiposity modify 

the risk of HF among patients with T2DM.
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Refer to Web version on PubMed Central for supplementary material.
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CLINICAL PERSPECTIVE

What is new?

• Among patients with type 2 diabetes mellitus and overweight or obesity, fat 

mass and lean mass can be estimated using anthropometric equations with 

good overall agreement compared with dual-energy X-ray absorptiometry 

measures.

• Large reductions in fat mass and waist circumference over 1- and 4-year 

follow-up were significantly associated with lower risk of heart failure with 

preserved ejection fraction in type 2 diabetes mellitus.

What are the clinical implications?

• Readily available clinical information can be incorporated into validated 

anthropometric prediction equations to estimate and track fat mass 

longitudinally to assess risk of heart failure among patients who have type 

2 diabetes mellitus and overweight or obesity.

• Fat mass and waist circumference may represent key, modifiable targets 

for lifestyle interventions to reduce the risk of heart failure with preserved 

ejection fraction in type 2 diabetes mellitus.
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Figure 1. Bland-Altman plot of predicted versus measured fat mass (Panel A) and lean mass 
(Panel B) at baseline.
Solid red line is the mean of difference (dashed red line is +/− 2 standard deviations and 

dashed green is +/− 3 standard deviations).

Patel et al. Page 16

Circulation. Author manuscript; available in PMC 2021 December 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Predicted fat mass (Panel A) and lean mass (Panel B) at baseline, 1- and 4-year 
follow-up stratified by treatment group.
Predicted fat mass (Panel A) and lean mass (Panel B) among participants randomized to the 

intensive lifestyle intervention and diabetes support and education groups are shown. The 

means and 95% confidence intervals are shown.
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Table 4.

Multivariable adjusted associations of changes in body composition measures from baseline to 1-year follow­

up with risk of HF events

Model 1 Model 2

Person-
years

Event rate
per 1,000

person years

HR
(95% CI) P value HR

(95% CI) P value

Per 10% decrease in predicted fat mass from baseline to 1-year follow-up 

Overall HF 55,847 4.19 0.74
(0.64, 0.86) <0.001 0.80

(0.68, 0.95) 0.01

HFpEF 55,715 2.08 0.72
(0.58, 0.89) 0.002 0.78

(0.61, 0.996) 0.046

HFrEF 55,715 1.72 0.72
(0.57, 0.90) 0.004 0.76

(0.59, 0.97) 0.03

Per 10% decrease in predicted lean mass from baseline to 1-year follow-up 

Overall HF 55,847 4.19 0.64
(0.50, 0.81) <0.001 0.75

(0.55, 1.02) 0.06

HFpEF 55,715 2.08 0.57
(0.40, 0.81) 0.002 0.68

(0.44, 1.06) 0.09

HFrEF 55,715 1.72 0.72
(0.49, 1.04) 0.08 0.88

(0.54, 1.42) 0.60

Per 10% decrease in waist circumference from baseline to 1-year follow-up 

Overall HF 55,845 4.19 0.75
(0.61, 0.93) 0.007 0.77

(0.62, 0.95) 0.02

HFpEF 55,713 2.08 0.62
(0.46, 0.83) 0.002 0.61

(0.44, 0.83) 0.002

HFrEF 55,713 1.72 0.86
(0.62, 1.18) 0.34 0.89

(0.64, 1.24) 0.49

Multivariable adjusted Cox proportional hazard models were constructed for each continuous measure of body composition and for each HF 
outcome with sequential adjustment for potential confounders

Model 1 included age, sex, race/ethnicity, education, income, treatment group, baseline CRF, history of hypertension, systolic BP, smoking status, 
alcohol use status, estimated GFR, diabetes duration, insulin use, HbA1c, history of CVD

Model 2 included Model 1 covariates plus year 1 percent change in predicted fat mass (except for WC model), year 1 percent change in predicted 
lean mass (except for WC model), year 1 percent change in HbA1c, year 1 percent change in systolic BP

Abbreviations: BP = blood pressure; CI = confidence interval; CRF = cardiorespiratory fitness; CVD = cardiovascular disease; GFR = glomerular 
filtration rate; HbA1c = glycated hemoglobin; HF = heart failure; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure 
with reduced ejection fraction; HR = hazard ratio; WC = waist circumference
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