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Abstract

Objective—To test the hypothesis that an 8-year intensive lifestyle intervention (ILI) suppresses 

aging-dependent changes in regional lean (LM) and fat mass (FM) among obese or overweight 

persons with type 2 diabetes.
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Methods—Regional body composition was measured by dual energy X-ray absorptiometry 

within a subset of 1019 volunteers (45–75 years old) in the Look AHEAD study randomized to ILI 

or diabetes support and education (DSE). The ILI goal was to achieve and maintain ≥7% weight 

loss through increased physical activity and reduced caloric intake.

Results—Over 8 years, the DSE group exhibited a linear loss of LM and FM. During Year 1, the 

ILI group lost LM and FM. Between Years 1 and 8, the ILI group regained most FM in all regions; 

regional LM converged with that of the DSE group; the percent of LM loss was greater for the leg 

than for the trunk. Among both groups, regional LM and FM change was proportional to the size 

of the region, trunk > leg > arm.

Conclusions—The ILI did not suppress aging-dependent LM losses, particularly in the leg 

region. The long term consequences of rapid LM and FM loss and subsequent regain mostly as fat 

are unknown.
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Introduction

Obesity-linked type 2 diabetes and metabolic syndrome are risk factors for serious 

pathological sequelae, most prominently cardiovascular disease (CVD). Central obesity is 

also a CVD risk factor, and a large waist circumference is one of the diagnostic criteria for 

metabolic syndrome.(1) Moreover, as people age, their average weight shifts from the 

extremities to the trunk, and LM decreases. Over time (2, 3, 4), these changes can impair 

mobility due to the loss of strength associated with reduced muscle mass.(5, 6)

The Look AHEAD clinical trial of obese or overweight diabetic persons compared the long 

term effects of intentional weight loss via an intensive lifestyle intervention (ILI) with a 

group receiving diabetes support and education (DSE).(7, 8, 9, 10) Weight loss over one year 

in Look AHEAD ILI vs. DSE groups reduced adiposity and improved metabolic biomarkers.

(11) Given that Look AHEAD has long term data on this aging group of diabetic 

participants,(12) it is ideal for testing the effects of intentional weight loss on regional body 

composition achieved via the ILI. Total body composition at baseline and at Years 1, 4, and 

8 has been reported.(12, 13, 14) Over the eight years of the study, fat mass (FM) within the 

DSE group changed little whereas LM decreased linearly. In contrast, at the end of one year 

the ILI group lost weight as FM (~2/3) and LM (~1/3) but at the end of eight years regained 

weight mostly as FM while losing LM. Comparison of ILI and DSE showed that at the end 

of eight years, total body composition in the two groups was similar. Here we report changes 

in regional LM and FM of ILI vs. DSE groups at Years 1, 4, and 8 post baseline within a 

subgroup of 1,018 participants at Look AHEAD sites in Baton Rouge, Houston, Boston, and 

Seattle who performed dual-energy x-ray absorptiometry (DXA) scans to test the hypothesis 

that over the eight year intervention, the ILI will have less FM and more LM each of three 

body regions, leg, arm, and trunk.
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Research Design and Methods

Participant Characteristics

Men and women (n = 5,145), 45 to 76 years of age with type 2 diabetes, and a body mass 

index (BMI) of ≥ 25 kg/m2 (or ≥ 27 kg/m2 if receiving insulin), were randomized to ILI or 

DSE groups with equal probability using a web-based data management system that verifies 

eligibility. Randomization was stratified by center and blocked with random block sizes of 

four and six. Enrollment criteria have been reported.(7) Protocol and consent forms were 

approved by institutional review boards at each site, and participants provided informed 

consent.

Study Design

The ILI was designed to achieve and maintain weight loss ≥ 7% through reduced caloric 

intake and increased physical activity.(15, 16) In Years 2–8, the ILI focused on maintaining 

weight loss and the duration of physical activity. Participants randomized to the DSE group 

received general information about healthy eating and physical activity but none of the 

comprehensive behavioral components of the ILI.(17) General medical and diabetes care 

were provided by participant’s non-study health care providers. The consort diagram for the 

DXA sub study has been reported.(14)

Study Measures

Body composition was measured by DXA using Hologic (QDR-4500A) fan beam 

densitometers, using 2-compartment models; details have been reported.(14) Regional cut-

points were set by the Hologic software and adjusted by the DXA operator if the software 

failed to achieve the standard demarcations. The boundary for the arm is a line bisecting the 

shoulder joint, and the leg boundary is a line bisecting the femoral neck. Software upgrades 

were approved by a DXA quality assurance center. Results were corrected for 

underestimated fat mass using Hologic software(18), and scans were analyzed at a central 

reading center. The principles of the DXA methodology provide a 2-compartment 

measurement of fat and fat-free mass on the molecular level, and the fat-free component can 

be subdivided into bone mineral and soft tissue. The term lean tissue (LM) in our figure and 

tables refers to lean soft tissue.

Statistical Analysis

The analysis included 1019 (88%) participants (513 DSE group; 506 ILI group) who had a 

baseline DXA scan and at least one follow-up DXA measurement. For each region (arm, leg, 

and trunk), the percent total FM is computed as total regional FM divided by total FM times 

100; percent LM is computed similarly. Least square mean estimates for each gender and 

intervention group were obtained using general linear models. Gender differences within 

each group were assessed using contrasts, and based on the observed gender differences, all 

subsequent analyses were stratified by gender. The effect of the intervention on longitudinal 

changes in body composition was determined. For the average arm, leg, and trunk FM and 

LM (kg), we fit separate linear mixed effects models (LMM) that included the main effect of 

intervention groups, time, and their interaction while adjusting for appropriate baseline 
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measures. The intervention group effects were assessed for the overall follow-up period and 

at each follow-up visit. We also evaluated percent change in regional FM and LM between 

baseline and follow-up. The LMMs included the main effects of intervention groups, time, 

and region as well as all two-way and three-way interactions. These models allowed 

comparison of the overall change in different regions and change within groups at follow-up. 

Analyses were performed by SAS 9.3 (Cary, NC), and a p-value <0.05 was considered 

significant.

Results

Initial Body Compositions

Initial body composition expressed as a percent of LM and FM was similar for DSE and ILI 

groups with the distribution of FM and LM for females and males being Trunk ≫; Leg > 

Arm (Figure 1 A, B). The trunk was the predominant site of FM accumulation for both 

females (~53%) and males (~58%). As a percent of total FM, females presented with more 

leg and arm FM (32% and 13% respectively) than males (27% and 11% respectively; Figure 

1 A). The percent leg LM in female and male was not different (32%) whereas females 

presented with less arm LM than males (11 vs. 12%) and slightly more trunk LM (52 vs. 

51%; Figure 1 B).

Longitudinal Changes in Regional Body Composition in the DSE Group

Over the eight years of the study, LM among DSE male and female participants declined 

linearly in all three body regions (Figures 2, 3 A–C). A preliminary analysis showed that leg 

LM (p=0.05) and trunk fat mass (p=0.0065) have significant intervention by gender 

interactions so the results are presented separately for males and females. Among DSE 

females, leg-, arm-, and trunk-LM losses from baseline to Year 8 were 0.418 ± 0.04, 0.1 

± 0.01, and 0.796 ± 0.09 kg respectively (p <0.0001; Table 1). Among DSE males, the 

respective LM losses were 0.536 ± 0.05, 0.248 ± 0.02, and 0.801 ± 0.12 kg (p <0.0001). 

Over the same time interval, regional FM among the DSE participants either declined 

linearly or was unchanged (Figures 2, 3 D–F). Respective baseline to Year 8 leg, arm and 

trunk FM changes for DSE females were −0.227 ± 0.06 (p<0.0001), 0.01 ± 0.03 (NS), and 

−0.646 ± 0.21 kg (p<0.002) (Table 1); the respective values for DSE males were −0.021 

± 0.05 (NS), 0.047 ± 0.02 (p<0.04), and 0.17 ± 0.26 kg (NS) (Table 2).

Longitudinal Changes in Body Composition – ILI vs. DSE Groups

Changes in regional FM and LM in the ILI and DSE groups varied over the 8-year study 

interval. Among ILI males and females, the majority of LM loss occurred during Year 1 

resulting in less LM in the ILI group compared with the DSE group (Figures 2, 3 A–F). In 

the ILI group, leg-, arm-, and trunk-LM, respectively, decreased 0.349 ± 0.03, 0.102 ± 0.01, 

and 1.149 ± 0.09 kg for females and 0.498 ± 0.05, 0.157 ± 0.02, and 1.485 ± 0.12 kg for 

males (Tables 1, 2). Between Years 1 and 8, the rate of LM decline among ILI males and 

females markedly slowed in the arm and leg regions and was essentially unchanged for the 

trunk in females. For females in the ILI, LM was lower than that of the DSE group in all 

regions at Year 1 but was lower at Year 4 only in the leg and trunk. By Year 8, LM in ILI and 

DSE was essentially the same in the leg and arm but continued to be lower in the trunk 
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(Figure 2, A–C). For ILI males, LM was lower than that of the DSE group in all regions at 

Years 1 and 4 but there were no regional differences by Year 8. Thus by Year 8, LM in all 

regions among ILI males and females were converging with those of the DSE group.

With respect to FM changes, at the end of Year 1, leg-, arm-, and trunk-FM among both 

males and females in the ILI group were lower than those at ILI baseline and the DSE group 

at Year 1 (Figure 2, 3; Tables 1, 2). Leg-, arm,- and trunk-FM respectively decreased 0.786 

± 0.06, 0.282 ± 0.02, and 2.984 ± 0.2 kg for females and 0.785 ± 0.05, 0.318 ± 0.02, and 

4.624 ± 0.25 kg for males. From baseline to Year 1, percent mass lost as fat in the leg, arm, 

and trunk respectively were 69.3, 73.5, and 72.3 for ILI females and 60.9, 66.7, and 75.8 for 

ILI males. Between Years 1 and 8, leg-, arm-, and trunk-FM increased among females in the 

ILI group but remained lower than that of DSE group females at all time points (Figure 2 D–

F). In contrast, regional FM among males in the ILI and DSE groups was different at all 

post-baseline time points except at Year 8 for arm and trunk (Figure 3 D–F). As with 

regional LM, at Year 8 regional FM in the ILI and DSE groups was converging or had 

converged for both males and females.

Percent Change in Regional LM and FM between Baseline and Year 1

Among DSE females and males, the percent regional LM and FM lost between baseline and 

Year 1 was small. In contrast, compared to the DSE group the ILI groups lost much more 

LM and FM from all three regions during the same time period (Figure 4 A, B; Figure 5 A, 

B). Within the ILI group, the percent change of arm-, leg-, and trunk-LM from baseline to 

Year 1 was similar among females (Figures 4 A) and males (Figures 5 A). However, FM loss 

from trunk was greater than that from leg and arm among all ILI members in the first year 

(Figures 4 B, 5 B). Among ILI females, 66, 69, and 73% of the weight loss from leg, arm, 

and trunk in the first year occurred as FM; the corresponding values for ILI males were 63, 

71, and 79% (Figures 2 and 3).

Percent Change in Regional LM and FM by Year 8

By Year 8, regional changes in FM for females and males in the DSE and ILI groups were 

remarkably similar (Figures 4 D, 5 D). Slightly more FM was lost from the trunk than from 

the arm region of females in both groups (Figure 4 D) but this loss was observed among 

males only in the ILI group (Figure 5 D). Regional LM changes by Year 8 were also 

remarkably similar among females and males in the both groups (Figures 4C, 5 C). By Year 

8 females and males in both the ILI and DSE groups lost LM from all three body regions 

(Figures 4 C, 5 C). However, the LM loss was uneven across regions with females losing 

more LM from the leg region than from the trunk (Figures 4 C); this effect was nearly the 

same in both groups. Among males a similar effect was observed; there was greater LM loss 

from both arm and leg regions than from the trunk within DSE and ILI groups (Figure 5 C). 

Remarkably, among both females and males, the weight regain as fat between Years 1 and 8 

was 95 to 100% with a concurrent LM loss in all regions.
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Discussion

At baseline, the ILI and DSE groups were similar with respect to numerous 

anthropomorphic measures,(14) and regional LM and FM (Figure 1). The greater regional 

LM observed among men is consistent with the greater skeletal muscle in men vs. women.

(19) The magnitude of the changes in regional LM or FM change was proportional to the 

size of the region—arm < leg < trunk (Figure 1), supporting the hypothesis that changes in 

regional LM and FM are proportional to baseline whole body LM and FM respectively.

Like total body FM change,(14) regional changes in FM in the DSE group were nearly 

unchanged or declined slightly from baseline to Year 8. Although the ILI group lost more 

regional FM than the DSE group between baseline and Year 1, at the end of 8 years, regional 

FM among ILI male and female participants nearly converged with those for DSE. Thus, the 

effects of the ILI on regional FM were similar to what we reported for total body FM.(14) 

The DSE group lost LM from all regions over 8 years, an effect that we attribute to aging. 

Despite initial regional LM loss in the ILI group between baseline and 1 year, at the end of 8 

years, regional LM for the ILI and DSE groups were converging. Thus not only did the ILI 

fail to maintain a reduced regional FM, it failed to suppress the aging-dependent effects on 

LM loss.

Differential Changes in Regional LM and FM

As a percent of regional mass change between baseline and Year 1, the ILI produced a 

preferential loss of fat from the trunk (13 and 22% for females and males, respectively) vs. 

leg (11 and 15%, females and males, respectively) and arm (10 and 16% for females and 

males, respectively). Given that waist circumference is one of the criteria for metabolic 

syndrome, this would be expected to shift some participants out of that category or at least 

towards normal whole body metabolism and is consistent with the Look AHEAD findings of 

improved glycemic control in the ILI group.

Changes in percent regional FM between baseline and Year 8 in both groups were different 

but small. In contrast, changes in regional LM between baseline and Year 8 were more 

profound and declined linearly within all three regions for the DSE group, again an effect we 

attribute to aging. Within both ILI and DSE groups, the percent regional LM loss was 

greater for leg than for trunk for females (Figures 4 C) and greater for leg and arm than for 

trunk for males (Figures 5 C). Given that independent living and mobility depend on 

extremity-skeletal muscle (leg) and that LM is ~80% skeletal muscle, the rapid LM loss 

during rapid weight loss and the failure of the ILI to prevent aging-dependent LM loss over 

8 years is concerning, all the more so when superimposed on dynapenia, loss of muscle 

quality with age.(20) Although there are only limited data on physical activity in Look 

AHEAD, at Year 4 in the whole Look AHEAD cohort, ILI actually improved mobility(21) 

and in a another subgroup at Year 8 the ILI group exhibited better lower extremity physical 

function than the DSE group.(22) Thus, the ILI may have helped suppress the aging-

dependent dynapenia despite the LM loss detected via the DXA scan. The body 

compositions of diabetic and non-diabetic persons differ, the latter presenting with less total 

fat, leg FM and leg LM and more trunk FM and LM.(12) Thus, it is unlikely that our 

findings can be generalized to a wider population that would include non-diabetic persons.
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Although dietary and/or behavioral methods can produce clinically meaningful weight loss 

within the non-diabetic obese population, the long term success of these trials has lagged 

other more aggressive interventions such as bariatric surgery, which also produces weight-

loss with improved glycemic control.(23) However, given its low cost and safety when 

compared to surgical and pharmacologic interventions, a behavioral approach to improving 

glycemic control and cardiovascular risk factors through weight loss remains an attractive 

therapeutic option. The retail food environment plays a growing and challenging role in food 

choice and eating patterns in ways that determine energy intake and ultimately body weight. 

The affordability(24) and availability of energy dense highly palatable foods,(25, 26, 27) 

large portion sizes,(28) and limited neighborhood access to healthy foods all seem to provide 

an environment that promotes obesity. Although some of these environmental factors are 

suited to behavioral approaches, additional research is needed. Reducing obesity in the U.S. 

also requires a comprehensive and coordinated approach using policy and environmental 

changes that support healthier communities that promote social change leading to healthier 

lifestyle choices.

Given that the ILI, like many other weight loss programs, had substantial weight regain after 

initial weight loss, additional research on weight loss maintenance is warranted. Like other 

chronic diseases, obesity management likely requires lifetime intervention with an intensity 

that is similar to that of the first year of the ILI group. New approaches are also needed to 

preserve LM during the weight loss and according to a recent meta-analysis exercise-

induced weight loss without profound calorie restriction better improved bone mineral 

density than caloric restriction,(29) leading to the hypothesis that adding muscle 

strengthening to aerobic exercise better preserves LM during weight loss.

Strengths and Weaknesses of Study—Strengths

Regional body composition was assessed in a large, well-powered subsample of a 

randomized population of obese or overweight diabetic persons with >80% follow-up at 

eight years. The design included a standard protocol, vigilant staff training, and DXA 

calibration across sites. Weaknesses: DXA, though having no radiation risk, is a less precise 

measure of body composition than X-ray computed tomography and magnetic resonance 

imaging, which give better estimates of skeletal muscle. DXA does not accurately 

distinguish between types of fat in important depots, namely, subcutaneous abdominal vs. 

visceral fat. A further limitation is that physical function and body composition were not 

measured in the same subgroups, so that the correlation between these two outcomes could 

not be directly assessed.

Conclusions

Interventions with reduced caloric intake and a physical activity component such as walking 

do not appear to suppress the aging-dependent changes in lean mass, especially from the leg. 

The long term consequences of intentional weight loss leading initially to a more rapid loss 

of lean mass and weight regain as fat are unknown and require more investigation.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known

Exercise and caloric restriction induce weight-loss from all body regions.

Weight-loss alters regional body composition.

Aging is associated with changes in whole body composition.

What does this study add?

An intensive lifestyle intervention (ILI) that included reduced calorie intake 

and increased physical activity among obese or overweight diabetic persons 

produced an initial weight loss from all body regions, two-thirds of which 

was fat.

Regional weight regain in the ILI group was nearly 100% fat; changes in 

regional fat and lean mass, gain or loss, were proportional to the size of the 

region, trunk > leg > arm.

The ILI did not suppress the aging-dependent preferential loss of leg-lean 

mass, an effect that could limit mobility during aging.
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Figure 1. 
Baseline Distribution of FM (A) and LM (B) among males and females in the DXA sub 

study of body composition as labeled.
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Figure 2. 
Changes in Regional LM and FM over Eight Years among Females within DSE (C) and ILI 

(I) Groups. A–C, FM Changes; D–F, LM Changes. *p <0.05.

Pownall et al. Page 12

Obesity (Silver Spring). Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Changes in Regional LM and FM over Eight Years among Males within DSE (C) and ILI (I) 

Groups. A–C, FM Changes; D–F, LM Changes. *p <0.05.
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Figure 4. 
Percent Changes in Regional LM and FM between Baseline and Years One and Eight 

Among Females within the DSE (C) and ILI (I) Groups. A–C, FM Changes; D–F, LM 

Changes. *p <0.0001, **p <0.01, #p <0.05.
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Figure 5. 
Percent Changes in Regional LM and FM between Baseline and Years One and Eight 

Among Males within the DSE (C) and ILI (I) Groups. A–C, FM Changes; D–F, LM 

Changes. Other details in Figure 3 legend.
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