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Abstract

Randomized, controlled trials (RCTs) show intentional weight loss improves body composition 

and physical function in older adults; however, the long-term benefits (and risks) are unknown. We 

conducted a pilot study to assess the feasibility of recalling prior RCT participants to examine the 

long-term effects of intentional weight loss on body composition and physical function. A 

weighted, random sample of 60 older adults who were randomized to caloric restriction plus 

exercise (CR+EX) or exercise (EX) only in 5 prior RCTs (mean age at randomization, 67.3 years; 

69% women, 80% white) were invited to participate. Follow-up was obtained on 89% (42 clinic 

visits, 10 phone interviews, 1 death) an average of 3.5 years (range, 2.2-5.8 years) after RCT 

completion. Despite greater weight, fat and lean mass loss during the RCT (mean difference in 

change (95% CI): −4.19 (−7.52,−0.86), −2.75 (−5.10,−0.40), and −2.32 (−3.69,−0.95) kg, 

respectively) in those randomized to CR+EX, long-term changes in weight (2.05 (−2.35,6.45) kg) 

and body composition (1.80 (−1.56,5.17) and 0.03 (−2.20,2.26) kg for fat and lean mass, 

respectively) from baseline and physical function at long-term follow-up (mean difference in 400-

m walk and SPPB (95% CI): 23.2 (−19.3,65.6) sec and −0.03 (−1.02,0.96) points, respectively) 

were similar in CR+EX and EX only. Although improvements in weight and body composition 

following intentional weight loss may not be sustained long-term, physical function does not 

appear to be negatively impacted. A larger study is needed to confirm these results.
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INTRODUCTION

Aging is associated with declines in muscle mass, strength, and physical performance, which 

lead to disability and loss of independence.1 Obesity, present in over one-third of older 

adults 2, exacerbates age-related declines in muscle mass3,4 and physical function,5 and is 

also associated with poorer health outcomes and quality of life in this age group.5–7 

Moreover, excess adipose tissue contributes to the increased risk of several chronic diseases 

that are associated with aging, including osteoarthritis, type 2 diabetes, and coronary heart 

disease.8,9 These adverse health consequences of obesity in older adults highlight the need 

to identify effective treatments with sustained benefits in this population.

Clinical trials of obesity treatment in older adults show that diet-induced weight loss, 

particularly when combined with exercise, improves body composition and physical 

function at least in the short-term (e.g., immediately following treatment).10–20 However, 

limited data currently exist on whether these health benefits are sustained over time. We 

showed that randomization to a weight loss intervention does not increase the risk of 

mortality in this age group;21–23 but the long-term effects of intentional weight loss on 

physical function and morbidity in older adults has not been studied. One small (n=16) pilot 

study in older adults found that weight remained below baseline and improvements in 

physical function were maintained 30 months after completion of a weight loss intervention.
24 In middle aged and older adults with type 2 diabetes from the Look AHEAD trial, 

individuals randomized to a long-term (~10 years) intensive lifestyle intervention designed 

to achieve weight loss through caloric restriction and increased physical activity had better 

physical function approximately 11 years post-randomization compared to those randomized 

to a diabetes support and education control.25 However, given that weight loss may worsen 

age-related loss of muscle mass and bone density, the overall safety and long-term risks 

and/or benefits of intentional weight loss in this population remain controversial.26–28

Despite evidence that older adults with obesity can successfully lose weight, most 

individuals are not successful at long-term maintenance of weight loss;29,30 and, if regained 

weight is disproportionately fat as observed in both lifestyle interventions31,32 and 

observational studies,33,34 overall body composition may be worse following weight loss 

and subsequent weight regain. It remains unknown whether long-term improvements in body 

composition and physical function persist in older adults after intentional weight loss, 

particularly if weight regain occurs. The challenge in addressing this question is the lack of 

long-term follow-up data to examine whether the health benefits of prior intentional weight 

loss persist over time. The primary objective of this pilot study was to access the feasibility 

of recalling participants who had been in prior randomized, controlled trials (RCTs) 

involving a weight loss intervention consisting of caloric restriction and exercise and to 

begin to determine the long-term effects of intentional weight loss on body composition and 

physical function in older adults.
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METHODS

Study sample

From November 2013 through May 2014 we contacted a weighted (i.e., probability of recall 

approximately proportional to study size), random sample of older adults (n=60) who had 

been randomized to a weight loss intervention (5-18 months duration) consisting of caloric 

restriction and exercise (CR+EX) or to the exercise intervention alone (no weight loss 

control; EX only) in one of 5 RCTs previously conducted at Wake Forest University 

(n=854): INFINITE,20 I’M FIT,16 SECRET,17 IDEA,15 and CLIP.13 The inclusion/exclusion 

criteria and main study results for the five trials included in this pilot study have been 

published.13,15–17,20 All participants were older, overweight or obese, and sedentary (see 

Table 1). The diet interventions were either behavioral-focused with group/individual 

meetings with a registered dietitian and/or nutrition interventionist (3 studies)13,15,16 and/or 

provided hypocaloric daily meals or meal replacements (4 studies)15–17,20 (see Supplemental 

Table). The exercise interventions consisted of aerobic training (3 studies),13,17,20 resistance 

training (one study)16 or a combination of aerobic and resistance training (one study)15 on 3 

or 4 days per week for 20 to 60 minutes duration. Participants were informed that the aim of 

this pilot study was to provide information on the long-term changes in health and physical 

function after participation in an exercise study to minimize response bias among those who 

may have regained weight. Individuals who agreed to participate in the study were scheduled 

for an in-person clinic visit or a telephone interview (for those who were unable or unwilling 

to come for a clinic visit). The study was approved by the Wake Forest School of Medicine 

Institutional Review Board, and all participants provided written (clinic visit) or verbal 

(telephone interview) informed consent.

Body weight and composition

Body mass was measured in kilograms (kg) on a standard calibrated scale, and height was 

measured in centimeters using a stadiometer. Body mass index was calculated as body mass 

in kg divided by height in meters squared. Fat and whole body and appendicular lean tissue 

mass was measured by dual-energy X-ray absorptiometry (DXA; Hologic Delphi QDR) at 

baseline, immediately following the intervention, and at the long-term follow-up visit in all 5 

trials. Bone mineral content was subtracted from the total lean mass to determine total non-

bone lean mass. Appendicular lean mass was calculated as the sum of lean mass in arms and 

legs, assuming that all non-fat and non-bone tissue is skeletal muscle. Skeletal muscle index 

was calculated as appendicular lean mass divided by height in meters squared.35

Physical function

At the long-term follow-up visit, a walking-based test of exercise tolerance and aerobic 

fitness over 400 meters was administered.36 The course was 20-m long marked by cones at 

each end. Participants were instructed to complete 10 laps of the 20-m course as quickly as 

possible at a pace they could maintain; the time to complete the walk was recorded in 

seconds. Encouragement was given in a standardized fashion every lap. All participants in 

the CR+EX group were able to complete the 400-m walk; however, one participant in the 

EX only group was not able to complete the 400-m walk. Three of the 5 trials also included 
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the 400-m walk test at baseline and immediately following intervention (CLIP, I’M FIT, and 

INFINITE).13,16,20

Lower-extremity physical function was assessed at the long-term follow-up visit using the 

Short Physical Performance Battery (SPPB), which includes progressively more challenging 

standing balance tasks held for 10 seconds each (side-by-side, tandem and semi-tandem), a 

4-m walk to assess usual gait speed, and time to complete 5 repeated chair stands.37 Each of 

the three performance measures is assigned a score ranging from 0 (inability to do the test) 

to 4 (the highest level of performance) and summed to create an SPPB summary score 

ranging from 0 to 12 (best). All of the trials (albeit only in a subset in IDEA) included the 

SPPB at baseline and immediately following intervention. The Short Physical Performance 

Battery was modestly expanded (expanded Physical Performance Battery, PPBexp) at the 

long-term follow-up visit to minimize ceiling effects of the SPPB.38 The PPBexp increases 

the holding time of the standing balance tasks to 30 seconds and adds a single leg stand and 

a narrow walk test of balance (walking at usual pace within lines of tape spaced 20 cm 

apart). The PPBexp component scores are calculated as the ratio of observed performance to 

the best possible performance and summed to provide a continuous score ranging from 0 to 

4, with higher scores indicative of better performance.

Lower extremity muscle strength and power were assessed at the long-term follow-up visit. 

Knee extensor strength was measured using an isokinetic dynamometer (Biodex) at a speed 

of 60° per second with the participant sitting and the hips and knee flexed at 90°. Start and 

stop angles were set at 90° and 30°. All testing was performed on both legs unless 

contraindicated (e.g., hip or knee replacement or acute injury) and then only the eligible leg 

was used. Participants with bilateral knee replacements were excluded from testing (3 

participants in the CR+EX group and 5 participants in the EX only group). Participants were 

asked to extend the knee and push as hard as possible against the resistance pad. Strength 

was expressed as peak torque in Newton-meters (Nm). Lower extremity muscle power was 

measured using the Nottingham Power Rig. Participants sit in a chair and unilaterally 

depress a foot lever attached to a flywheel as hard and as fast as they can. Power output, 

derived from the acceleration of the flywheel, was recorded in watts. All participants in the 

CR+EX group were able to do the leg power test; however, one participant in the EX only 

group was not.

Statistical analyses

Descriptive statistics (means, SD, proportions) were obtained by study for the originally 

enrolled participants and for those selected for inclusion in this pilot. Linear contrasts from 

general linear models for repeated outcomes were used to calculate mean change (95% CI) 

between time points within intervention groups (CR+EX and EX only) and differences in 

change between intervention groups. An unstructured covariance matrix was used to account 

for correlation between repeated measures and a factor for study was included in each 

model. Where measures only existed at the long-term follow-up, a general linear model was 

used adjusting for study. Since this was a pilot study, our analyses focused on feasibility of 

recall, estimating means (SD), and longitudinal change (95% CI); hypothesis tests were not 
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conducted on the pilot sample.39 Statistical analyses were performed using SAS software, 

version 9.4 (SAS Institute, Cary, NC).

RESULTS

Participant characteristics

Of the 60 participants who were contacted, 42 (70%) agreed to complete a clinic visit for 

this study and 10 (17%) completed a phone interview. Five participants refused 

participation; two participants could not be located/contacted; and one participant had died. 

Recalled participants were similar in age at baseline to that of the original trials; however, 

the gender and racial distribution differs from that of the original trials (see Table 1). The 

mean (SD) time interval between the end of participation in the prior weight loss RCT and 

the follow-up assessment was 3.5 (1.0) years (range, 2.2-5.8 years). Here we report body 

composition and physical function data from those participants who completed the clinic 

visit (n=42).

The baseline (prior to beginning the RCT) participant characteristics of the study sample by 

randomized group assignment are presented in Table 2. The mean age of the sample at 

randomization was 67 years (range, 59-77 years) with over 70% age 65 years or older at 

baseline, and the majority were female, white, and well educated. At baseline, 

approximately 60% had hypertension, 30% had hyperlipidemia, 20% had a history of 

cardiovascular disease, and 14% had diabetes.

Body weight and composition

Table 3 shows the body weight and composition of both groups at baseline, after 

intervention, and at long-term follow-up, change in body weight and composition from 

baseline by group, and differences in change in body weight and composition from baseline 

between groups. Body weight and BMI were lower after intervention in both groups, with 

almost double the weight loss and BMI change in the CR+EX group compared to the EX 

only group. Participants in both groups maintained a lower body weight at the long-term 

follow-up despite an average of 3.5 years of no active intervention. Fat mass (absolute and 

percent) was lower after intervention in both groups; with absolute fat mass loss being 

approximately 2 times greater after intervention in the CR+EX group compared to the EX 

only group. However, absolute fat mass was estimated to be within 1 kg of baseline at the 

long-term follow-up in both groups and percent fat mass was 2.5% higher at long-term 

follow-up than at baseline in the CR+EX group and 1.2% higher in the EX only group. Total 

and appendicular lean mass and skeletal muscle index were lower after intervention in the 

CR+EX group, with little change from baseline estimated in the EX only group. Changes 

from baseline at long-term follow-up in total and appendicular lean mass and skeletal 

muscle index were similar to changes seen after the intervention in the CR+EX group, but 

were somewhat greater at long-term follow-up compared to after the intervention in the EX 

only group. Lean mass as a percentage increased from baseline in both groups after 

intervention, but was lower than at baseline in the CR+EX group at long-term follow-up.
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The CR+EX group lost a greater percentage of their initial body weight during the 

intervention compared to the EX only group (8.7% vs 3.8%; Figure 1). During the period 

after intervention until long-term follow-up, the CR+EX group regained an average of 

5.8±6.9% of their post-intervention body weight, compared to an average loss of 1.9±7.5% 

of post-intervention body weight in the EX only group. However, there was large variation 

among individuals in each group. The relative loss of both fat and lean mass was greater 

during the intervention in the CR+EX group compared to the EX only group (see Figure 1). 

However, fat mass increased while lean mass continued to decrease in both groups after 

intervention until long-term follow-up, with somewhat greater percentage increases in fat 

mass in the CR+EX compared to the EX only group, and percentage decreases in lean mass 

in the EX only being somewhat greater compared to the CR+EX group.

Physical function

Physical function measured at the long-term follow-up is shown in Table 4. As this is a small 

pilot, confidence intervals on between group differences in 400-m fast walk time, usual gait 

speed over 4-meters, SPPB, expanded PPB, muscle strength and power at long-term follow-

up are quite wide. In a subset who had 400-m walk (n=23) and SPPB (n=31) measured at 

baseline and immediately following the intervention, 400-m walk time was improved after 

intervention (mean change (95% CI): −13.1 (−32.8, 6.65) and −21.8 (−40.7, −2.88) sec, 

respectively) but had returned to baseline at the long-term follow-up (mean change (95% 

CI): −0.93 (−17.2, 15.30) and −2.23 (−17.8, 13.31) sec, respectively) in both the CR+EX 

and the EX only groups while SPPB improved after intervention (mean change (95% CI): 

1.05 (0.44, 1.77) points) and the improvement was maintained at long-term follow-up (mean 

change (95% CI): 0.84 (0.22, 1.46) points) in the EX only group but not in the CR+EX 

group (mean change (95% CI): 0.23 (−0.44, 0.91) and 0.45 (−0.23, 1.13) points after 

intervention and at long-term follow-up, respectively). Differences in change from baseline 

to after intervention and baseline to long-term follow-up for 400-m walk and SPPB between 

the CR+EX and the EX only groups were small (mean (95% CI): 8.69 (−18.6, 36.0) sec and 

−0.81 (−1.72, 0.09) points after intervention; 1.30 (−21.1, 23.7) sec and −0.39 (−1.31, 0.52) 

points at long-term follow-up).

DISCUSSION

This pilot study shows the feasibility of recalling prior study participants who had been 

randomized to a weight loss intervention consisting of caloric restriction plus exercise or an 

exercise only intervention for a follow-up assessment of their health and function up to 5.8 

years after participation in an RCT. Overall, we achieved 87% follow-up, with 42 out of 60 

individuals completing a clinic visit and 10 completing a phone interview, an average of 3.5 

years after RCT completion. Despite significant weight loss during the RCT and weight 

regain during long-term follow-up in those randomized to caloric restriction plus exercise, 

these preliminary data indicate that long-term changes in relative weight, fat and lean mass 

change from baseline may be similar compared to those randomized to exercise only. 

Additionally, even though weight was regained following completion of the RCTs, physical 

function at long-term follow-up appeared to be similar among those randomized to caloric 

restriction plus exercise compared to exercise only.
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Weight loss via caloric restriction, particularly when combined with exercise, is effective in 

reducing total body and fat mass in older adults, at least in the short term.11,14–17,19,20,40,41 

However, weight regain following intentional weight loss is common,29,30 and may 

negatively influence body composition in older adults by promoting sarcopenic obesity. In a 

small pilot study in frail older adults, Waters et al. showed that although approximately 7% 

weight loss was maintained 18 months after participating in a 1-year weight loss 

intervention, almost half of the total fat mass had been regained while lost lean mass was not 

recovered.24 However, only the first 26 participants out of 52 randomized to weight loss 

were included in this small pilot and only 16 returned for follow-up 18 months after 

completing the intervention, potentially resulting in selection bias. Additionally, their pilot 

study lacked a “no weight loss” control group as participants who were randomized to the 

control or exercise only groups were not included.

We previously showed in a subset of one of the included RCTs (I’M FIT) that although older 

adults who were randomized to caloric restriction plus resistance training regained some 

weight 18 months after completion of the 5-month RCT, their weight was still lower than at 

baseline; however, the regained weight was comprised disproportionately of fat mass.32 

Furthermore, both those randomized to caloric restriction plus resistance training and those 

randomized to resistance training alone lost lean mass over the 18 month follow-up resulting 

in a greater risk for sarcopenic obesity among those randomized to caloric restriction. A 

limitation of this study was that participants were enrolled serially until the a priori sample 

size (n=24) was reached, potentially resulting in selection bias. In postmenopausal women, 

lost weight was, in general, regained, but weight was still lower than at baseline 1 year 

following a 5-month weight loss intervention; however, among women who regained ≥2 kg 

(84%), there was greater regain of fat relative to lean mass.31 This study was limited, 

however, by a lack of a no weight loss control group.

Body composition was also assessed in middle aged and older individuals with type 2 

diabetes who were randomized to a long-term (~10 years) intensive lifestyle intervention 

designed to achieve weight loss through caloric restriction and increased physical activity or 

a diabetes support and education control over 8 years of follow-up in a subset of 4 of the 16 

Look AHEAD sites.42 In those randomized to the long-term intensive lifestyle intervention, 

weight loss over the first year was comprised of both fat and lean mass; however individuals 

regained fat and continued to lose lean mass between years 1 and 8. Weight loss over 8 years 

of follow-up in those randomized to the diabetes support and education control group was 

comprised almost entirely of lean mass. However, those in the intensive lifestyle intervention 

had significantly lower total body and fat mass, but also lower lean mass, at 8-year follow-up 

than those in the control group. We observed similar changes in body composition in our 

pilot study with those randomized to caloric restriction plus exercise having greater total 

body, fat, and lean mass loses during the intervention; but much of the lost weight was 

disproportionately regained as fat mass approximately 3.5 years after completion of the 

intervention. In those randomized to exercise only, weight loss following the intervention 

was comprised mostly of lean mass.

Previous trials showing performance-based physical function benefits of weight loss 

interventions in older persons who were overweight or obese have been of shorter duration 
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(5 to 18 months), with benefits observed immediately following the weight-reduced state.
10,11,13–19,43,44 In a small pilot study, Waters et al. showed that improvements in physical 

function remained 18 months after participating in a 1-year weight loss intervention in frail 

older adults.24 After approximately 11 years of follow-up in Look AHEAD, middle aged 

and older adults with type 2 diabetes who had been randomized to a long-term intensive 

lifestyle intervention had significantly faster gait speed and better physical performance 

scores than those randomized to a diabetes support and education control.25 In our pilot 

study, gait speed, physical performance, and muscle strength and power were similar 

between older adults randomized to caloric restriction plus exercise compared to exercise 

only approximately 3.5 years after intervention. These pilot study results are encouraging, 

however, in that those randomized to weight loss plus exercise completed the 400-m walk an 

average of 23 seconds faster than the exercise only group and had a 0.04 m/sec faster usual 

gait speed on the 4-m walk at long-term follow-up – differences that are clinically 

meaningful.45,46 In the subset who had 400-m walk and SPPB measured during the 

intervention and at long-term follow-up, clinically meaningful improvements in SPPB 

remained approximately 3.5 years later in the exercise only group but not in the weight loss 

plus exercise group; however, improvements in 400-m walk time observed immediately 

following the intervention had returned to baseline in both groups at the long-term follow-up 

visit.

This pilot study has some notable strengths and limitations. Recall of participants 

approximately 3.5 years post-intervention was excellent, exceeding 80% of the original 

sample (70% agreed to a clinic visit and 17% agreed to a phone interview). The original 

interventions were successful in achieving weight loss in older individuals over 5 to 18 

months. However, although a weighted, random sample was used to select former 

participants from the 5 RCTs, the sample size (n=60 out of 854 participants) was small and 

there is the possibility of differential follow-up. Nevertheless, this pilot study provided data 

on the feasibility, variances, and potential effects that may be observed for a larger study to 

recall participants from the original 5 trials that is currently underway (NCT03430115). This 

pilot study also did not include follow-up of a true control group (i.e., those not randomized 

to caloric restriction and/or exercise) which would allow control for the long-term effects of 

aging per se on weight, body composition, and physical function. Although the five RCTs 

achieved similar amounts of weight loss, there was variability in the dietary weight loss and 

exercise intervention approaches (i.e., behavioral-focused and/or meals/meal replacements 

provided; aerobic and/or resistance training). Physical function was only measured at 

baseline and immediately following the intervention in a subset of participants. Dietary and 

physical activity habits from the end of the intervention until the long-term follow-up were 

also not assessed.

In conclusion, despite clinically meaningful weight loss and concurrent favorable shifts in 

body composition immediately following caloric restriction plus exercise, improvements in 

body composition may not be sustained long-term relative to exercise alone. However, 

despite weight regain and concomitant increases in fat mass and decreases in lean mass, 

physical function did not appear to be negatively impacted in the caloric restriction plus 

exercise group. Replication of these findings in a larger study are needed. Identifying long-
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term weight loss maintenance strategies to prevent weight regain and the predisposition for 

regained weight to be composed disproportionately of fat mass in older adults is warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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TAKE AWAY POINTS

• Recalling prior RCT participants to examine the long-term effects of 

randomization to weight loss is feasible.

• Weight regain, and concomitant increases in fat mass and decreases in lean 

mass, is observed in older adults who were previously randomized to an RCT 

involving caloric restriction and exercise.

• Larger studies are needed to determine the long-term effects of weight loss on 

body composition, physical function, and overall health in older adults.
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Figure 1. 
Relative change in weight (a), fat (b) and lean (c) mass during intervention, after 

intervention, and overall. Mean (SD). Abbreviations: EX, exercise; WL, weight loss.
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Table 1.

Descriptive characteristics of the 5 randomized, controlled trials included in the pilot study.

INFINITE (N=180) I’M FIT (N=126) SECRET (N=51) IDEA (N=302) CLIP (N=195)

Enrollment period 10/2009 – 8/2014 5/2010 – 12/2013 1/2009 – 9/2012 10/2006 – 6/2011 1/2005 – 4/2010

Sample size

 EX only, N 61 63 26 150 97

 CR+EX, N 119 63 25 152 98

Age, mean (SD), years 69.1 (3.5) 69.9 (3.7) 67.4 (5.5) 65.5 (6.2) 67.0 (4.8)

 Age range, years 65-79 65-79 60-82 55-85 60-79

Female gender, % 76.3% 55.0% 80.6% 66.2% 72.0%

White race, % 75.6% 89.2% 56.6% 82.7% 80.2%

BMI, mean (SD), kg/m2 34.4 (3.4) 31.0 (2.4) 40.4 (7.0) 33.6 (3.7) 33.7 (4.4)

 BMI range, kg/m2 30-45 27-35 ≥30 ≥27 ≥30

Intervention AT vs CR+AT RT vs CR+RT AT vs CR+AT AT/RT vs CR+AT/RT AT vs CR+AT

Weight loss goal 5-11% 8-10% 10-15% 10-15% 7-10%

Achieved weight loss

 EX only, % −1.5% −0.2% −3.1% −2.0% −1.0%

 CR+EX, % −9.0% −5.7% −9.7% −11.4% −7.7%

Intervention duration 5 months 5 months 5 months 18 months* 18 months*

Number recalled (EX only / CR
+EX) 13 (7 / 6) 8 (4 / 4) 5 (3 / 2) 20 (11 / 9) 14 (8 / 6)

Age, mean (SD), years 68.1 (2.3) 69.1 (2.8) 68.2 (5.3) 65.3 (4.7) 66.6 (4.8)

Female gender, % 61.5% 87.5% 80.0% 70.0% 50.0%

White race, % 84.6% 100% 60.0% 95.0% 71.4%

*
Intensive weight loss phase during the first 6 months; continued weight loss, if safe (<20% between 6 and 12 months and <30% after 12 months in 

IDEA; BMI >20 kg/m2 in CLIP), and/or weight maintenance during the second 12 months.

Abbreviations: EX, exercise; CR, caloric restriction; AT, aerobic training; RT, resistance training; SD, standard deviation.
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Table 2.

Baseline characteristics of participants who attended the in-person clinic visit at long-term follow-up

EX Only (N=21) CR+EX (N=21)

Age, mean (SD), years 68.2 (4.6) 65.8 (3.9)

Gender

 Female, N (%) 15 (71.4%) 14 (66.7%)

 Male, N (%) 6 (28.6%) 7 (33.3%)

Race

 White, N (%) 17 (81.0%) 19 (90.5%)

 African American, N (%) 4 (19.0%) 2 (9.5%)

Education

 High school, N (%) 2 (9.5%) 2 (9.5%)

 College, N (%) 14 (66.7%) 17 (81.0%)

 Post graduate, N (%) 5 (23.8%) 2 (9.5%)

Comorbid illness, N (%)

 Hypertension 13 (61.9%) 12 (57.1%)

 Hyperlipidemia 5 (23.8%) 7 (33.3%)

 Cardiovascular disease 3 (14.3%) 5 (23.8%)

 Type 2 Diabetes 1 (4.8%) 5 (23.8%)

Weight, mean (SD), kg 86.3 (17.4) 88.6 (16.0)

Height, mean (SD), m 1.65 (0.10) 1.65 (0.09)

BMI, mean (SD), kg/m2 31.6 (4.7) 32.3 (4.0)

Abbreviations: EX, exercise; CR, caloric restriction; SD, standard deviation; BMI, body mass index.

J Nutr Gerontol Geriatr. Author manuscript; available in PMC 2020 March 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Houston et al. Page 18

Ta
b

le
 3

.

E
ff

ec
t o

f 
ra

nd
om

iz
at

io
n 

to
 c

al
or

ic
 r

es
tr

ic
tio

n 
on

 b
od

y 
w

ei
gh

t a
nd

 c
om

po
si

tio
n 

fr
om

 b
as

el
in

e 
to

 lo
ng

-t
er

m
 f

ol
lo

w
-u

p

E
X

 O
nl

y
C

R
+E

X
(C

R
+E

X
) 

– 
E

X
 O

nl
y

B
as

el
in

e 
(n

=2
1)

A
ft

er
 I

nt
er

ve
nt

io
n 

(n
=2

1)
A

ft
er

 lo
ng

-t
er

m
 fo

llo
w

-u
p 

(n
=2

1)
B

as
el

in
e 

(n
=2

1)
A

ft
er

 I
nt

er
ve

nt
io

n 
(n

=1
8-

21
)

A
ft

er
 lo

ng
-t

er
m

 fo
llo

w
-u

p 
(n

=2
1)

D
if

fe
re

nc
e 

in
 C

ha
ng

es
 f

ro
m

 B
as

el
in

e 
to

 A
ft

er
 

In
te

rv
en

ti
on

D
if

fe
re

nc
e 

in
 C

ha
ng

es
 f

ro
m

 B
as

el
in

e 
to

 L
on

g-
te

rm
 

F
ol

lo
w

-u
p

W
ei

gh
t, 

kg

 
M

ea
n 

(S
D

)
91

.6
 (

17
.1

)
88

.1
 (

16
.7

)
86

.3
 (

17
.4

)
91

.8
 (

14
.8

)
84

.1
 (

16
.2

)
88

.6
 (

16
.0

)

 
C

ha
ng

e 
fr

om
 b

as
el

in
e 

(9
5%

 C
I)

 a
−

3.
50

 (
−

5.
85

, −
1.

15
)

−
5.

27
 (

−
8.

38
, −

2.
16

)
−

7.
69

 (
−

10
.0

, −
5.

34
)

−
3.

22
 (

−
6.

33
, −

0.
11

)
−

4.
19

 (
−

7.
52

, −
0.

86
)

2.
05

 (
−

2.
35

, 6
.4

5)

B
M

I 
(k

g/
m

2 )

 
M

ea
n 

(S
D

)
33

.1
 (

4.
1)

31
.9

 (
4.

4)
31

.6
 (

4.
7)

33
.2

 (
3.

8)
30

.4
 (

4.
4)

32
.3

 (
4.

0)

 
C

ha
ng

e 
fr

om
 b

as
el

in
e 

(9
5%

 C
I)

−
1.

22
 (

−
2.

09
, −

0.
36

)
−

1.
51

 (
−

2.
56

, −
0.

45
)

−
2.

85
 (

−
3.

71
, −

1.
98

)
−

0.
98

 (
−

2.
03

, 0
.0

8)
−

1.
62

 (
−

2.
85

, −
0.

40
)

0.
53

 (
−

0.
96

, 2
.0

2)

Fa
t m

as
s 

(k
g)

 
M

ea
n 

(S
D

)
38

.7
 (

8.
2)

36
.4

 (
8.

9)
37

.7
 (

9.
0)

36
.0

 (
10

.0
)

29
.6

 (
10

.9
)

36
.8

 (
9.

4)

 
C

ha
ng

e 
fr

om
 b

as
el

in
e 

(9
5%

 C
I)

−
2.

30
 (

−
3.

92
, −

0.
69

)
−

1.
02

 (
−

3.
39

, 1
.3

6)
−

5.
06

 (
−

6.
77

, −
3.

35
)

0.
79

 (
−

1.
59

, 3
.1

7)
−

2.
75

 (
−

5.
10

, −
0.

40
)

1.
80

 (
−

1.
56

, 5
.1

7)

Pe
rc

en
t f

at
 m

as
s 

(%
)

 
M

ea
n 

(S
D

)
42

.3
 (

5.
5)

41
.0

 (
6.

5)
43

.4
 (

5.
7)

39
.1

 (
8.

5)
36

.1
 (

10
.1

)
41

.6
 (

7.
4)

 
C

ha
ng

e 
fr

om
 b

as
el

in
e 

(9
5%

 C
I)

−
1.

26
 (

−
2.

40
, −

0.
13

)
1.

18
 (

−
0.

29
, 2

.6
5)

−
2.

51
 (

−
3.

72
, −

1.
30

)
2.

52
 (

1.
05

, 3
.9

9)
−

1.
25

 (
−

2.
91

, 0
.4

2)
1.

34
 (

−
0.

74
, 3

.4
2)

L
ea

n 
m

as
s 

(k
g)

 
M

ea
n 

(S
D

)
50

.8
 (

12
.2

)
50

.0
 (

11
.9

)
46

.4
 (

10
.8

)
53

.9
 (

11
.4

)
49

.9
 (

11
.1

)
49

.6
 (

11
.1

)

 
C

ha
ng

e 
fr

om
 b

as
el

in
e 

(9
5%

 C
I)

−
0.

78
 (

−
1.

71
, 0

.1
5)

−
4.

36
 (

−
5.

94
, −

2.
78

)
−

3.
10

 (
−

4.
10

, −
2.

10
)

−
4.

33
 (

−
5.

91
, −

2.
75

)
−

2.
32

 (
−

3.
69

, −
0.

95
)

0.
03

 (
−

2.
20

, 2
.2

6)

Pe
rc

en
t l

ea
n 

m
as

s 
(%

)

 
M

ea
n 

(S
D

)
55

.2
 (

5.
3)

56
.7

 (
6.

4)
53

.8
 (

5.
6)

58
.7

 (
8.

2)
61

.9
 (

10
.0

)
55

.9
 (

7.
3)

 
C

ha
ng

e 
fr

om
 b

as
el

in
e 

(9
5%

 C
I)

1.
49

 (
 0

.3
6,

 2
.6

2)
−

1.
36

 (
−

2.
87

, 0
.1

5)
2.

67
 (

 1
.4

7,
 3

.8
7)

−
2.

79
 (

−
4.

30
, −

1.
28

)
1.

18
 (

−
0.

47
, 2

.8
3)

−
1.

43
 (

−
3.

56
, 0

.7
0)

A
pp

en
di

cu
la

r 
le

an
 m

as
s 

(k
g)

 
M

ea
n 

(S
D

)
21

.5
 (

6.
0)

21
.2

 (
5.

8)
19

.4
 (

5.
2)

22
.9

 (
6.

0)
21

.0
 (

5.
5)

20
.8

 (
5.

3)

 
C

ha
ng

e 
fr

om
 b

as
el

in
e 

(9
5%

 C
I)

−
0.

30
 (

−
0.

75
, 0

.1
5)

−
2.

03
 (

−
2.

81
, −

1.
24

)
−

1.
67

 (
−

2.
15

, −
1.

19
)

−
2.

14
 (

−
2.

92
, −

1.
35

)
−

1.
37

 (
−

2.
03

, −
0.

71
)

−
0.

11
 (

−
1.

22
, 1

.0
0)

Sk
el

et
al

 m
us

cl
e 

in
de

x 
(a

L
M

/H
t2

)

 
M

ea
n 

(S
D

)
7.

7 
(1

.3
)

7.
6 

(1
.2

)
7.

0 
(1

.1
)

8.
2 

(1
.5

)
7.

6 
(1

.3
)

7.
4 

(1
.4

)

 
C

ha
ng

e 
fr

om
 b

as
el

in
e 

(9
5%

 C
I)

−
0.

10
 (

−
0.

26
, 0

.0
6)

−
0.

71
 (

−
0.

96
, −

0.
46

)
−

0.
60

 (
−

0.
77

, −
0.

43
)

−
0.

76
 (

−
1.

01
, −

0.
50

)
−

0.
50

 (
−

0.
74

, −
0.

27
)

−
0.

04
 (

−
0.

40
, 0

.3
1)

a C
ha

ng
e 

an
d 

95
%

 C
I 

ca
lc

ul
at

ed
 f

ro
m

 a
dj

us
te

d 
le

as
t s

qu
ar

es
 m

ea
ns

 (
ad

ju
st

ed
 f

or
 s

tu
dy

) 
fr

om
 g

en
er

al
 li

ne
ar

 m
od

el
 f

or
 r

ep
ea

te
dl

y 
m

ea
su

re
d 

ou
tc

om
es

 u
si

ng
 a

n 
un

st
ru

ct
ur

ed
 c

ov
ar

ia
nc

e 
m

at
ri

x 
to

 a
cc

ou
nt

 f
or

 c
or

re
la

tio
n 

w
ith

in
 p

er
so

ns
. S

am
pl

e 
si

ze
s 

va
ry

 a
s 

3 
in

di
vi

du
al

s 
di

dn
’t

 h
av

e 
D

X
A

 d
on

e 
at

 th
e 

en
d 

of
 in

te
rv

en
tio

n.

A
bb

re
vi

at
io

ns
: E

X
, e

xe
rc

is
e;

 C
R

, c
al

or
ic

 r
es

tr
ic

tio
n;

 B
M

I,
 b

od
y 

m
as

s 
in

de
x;

 a
L

M
, a

pp
en

di
cu

la
r 

le
an

 m
as

s;
 H

t, 
he

ig
ht

; C
I,

 c
on

fi
de

nc
e 

in
te

rv
al

.

J Nutr Gerontol Geriatr. Author manuscript; available in PMC 2020 March 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Houston et al. Page 19

Table 4.

Effect of randomization to caloric restriction on measures of physical function at long-term follow-up

EX Only (N=21) CR+EX (N=21) Difference
a
 of Means (95% CI)

400-m walk (sec) 346.4 (80.9) 324.3 (51.2) 23.2 (−19.3, 65.6)

SPPB summary score (0-12) 10.8 (1.5) 10.8 (1.6) −0.03 (−1.02, 0.96)

Expanded PPB score (0-4) 2.19 (0.48) 2.31 (0.46) −0.11 (−0.41, 0.19)

4-m gait speed walk (m/sec) 1.01 (0.18) 1.06 (0.19) −0.04 (−0.16, 0.08)

Lower extremity muscle strength (Nm) 94.8 (39.2) 83.4 (31.9) 11.07 (−16.40, 38.53)
b

Lower extremity muscle power (Watts) 106.2 (44.2) 96.3 (40.9) 10.37 (−19.95, 40.68)
b

Mean (SD)

a
Differences of means for all but 400-m walk and SPPB obtained from general linear model, adjusting for study. Differences for 400-m walk and 

SPPB obtained from repeated measures general linear model, adjusting for study, and accounting for covariance using an unstructured covariance 
matrix.

b
Results for the differences of means obtained from general linear model, adjusting for study and gender, for lower extremity muscle strength and 

power are as follows: muscle strength, 9.14 (−11.61-29.88); muscle power, 6.72 (−19.83, 33.26).

Abbreviations: EX, exercise; CR, caloric restriction; sec, seconds; SPPB, Short Physical Performance Battery; PPB, Physical Performance Battery; 
Nm, Newton-meters; SD, standard deviation.
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