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Abstract

Background/Objective: Obesity exacerbates age-related physical disability; however, 

observational studies show that any weight loss in old age is associated with greater risk of 

mortality. Conversely, randomized controlled trials in older adults show that weight loss is 

beneficial. The discrepancy may be due to weight loss intention and differential changes to 

regional body composition. The purpose of this research was to evaluate the independent role of 

regional body composition remodeling in improving physical function.

Design: Pilot Randomized Controlled Trial

Setting: Community based research center

Participants: Thirty-six community dwelling, overweight to moderately obese (BMI 28.0–39.9 

kg/m2) older adults (age 70.6±6.1yrs)

Intervention: Physical activity plus weight loss (PA+WL, n=21) or PA plus successful aging 

(SA) education. PA consisted primary of treadmill walking supplemented w/ lower extremity 

resistance and balance training. The WL program was based on the Diabetes Prevention Project 

and aimed at achieving a 7% weight loss by cutting calories, specifically those from fat.

Measurements: At baseline, 6- and 12-months, body composition was measured using 

computerized tomography and dual x-ray absorptiometry. Abdominal visceral (VAT) and thigh 

intermuscular (IMAT) adipose tissue were quantified. Physical function was assessed using the 

short physical performance battery (SPPB).

Results: Separate multivariable linear regression models with both groups combined 

demonstrated that decreases in IMAT and VAT were significantly associated with improvements 
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in SPPB (P<0.05) independent of change in total fat mass. PA+WL improved SPPB scores 

from baseline (0.8±1.4, P<0.05), whereas PA+SA did not; however no intergroup difference was 

detected. Of note, these effects were mainly achieved during the intensive intervention phase.

Conclusion: Decreases in IMAT and VAT are important mechanisms underlying improved 

function following intentional weight loss plus physical activity.
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INTRODUCTION

Obesity exacerbates physical disability in older adults(1) and is associated with several 

chronic health conditions including diabetes, heart disease, and osteoarthritis(2). However, 

observational studies show that weight loss in old age, regardless of starting weight, is 

associated with mortality(3–4), but most of this weight loss is unintentional. Conversely, 

long term follow-up of a randomized controlled trial(5) showed no association between 

intentional weight loss and mortality. Weight loss in combination with physical activity 

also improves physical function in obese older adults to a greater degree than physical 

activity alone, weight loss alone, and usual care(6). Nevertheless, controversy still exists as 

to whether older adults should lose weight(7).

Part of the discrepancy between the effects of intentional and unintentional weight-loss on 

health outcomes may be attributable to differential changes in regional body composition. 

Visceral adipose tissue (VAT) and intermuscular adipose tissue (IMAT) both increase 

with age. (8–9). VAT is strongly associated with higher levels of proinflammatory 

cytokines(10), type-2 diabetes(11) and the metabolic syndrome(12), which negatively 

affect muscle performance(13). Further, increasing IMAT levels are strongly related to 

longitudinal gait-speed decline(14) and higher IMAT levels are associated with higher 

levels of inflammation(15), poorer muscle power(16) and physical function(17). Therefore, 

decreases to regional body composition, specifically VAT and fat infiltration into muscle 

(myosteatosis), may better explain the relationship between weight loss and physical 

function than change in total body weight or fat mass.

Intentional weight loss with physical activity may target these particularly harmful fat 

depots. Few studies have specifically examined change in regional body composition 

following intentional weight loss and/or physical activity in older adults(18–21), but those 

that have seem to support this hypothesis. Further, only one study in older women has 

directly examined the relationship between decreases in regional body composition and 

improved physical function, but did not account for total fat mass change(21). To understand 

the mechanisms underlying improvements in physical function following weight loss and 

physical activity, it is important to investigate the relationship between changes to physical 

function and regional body composition.

We previously reported that 6-months of physical activity plus weight loss (PA+WL) 

improves physical function in older adults, while physical activity plus successful aging 
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(PA+SA) does not(19). The purpose of this research was to evaluate the independent role 

of regional body composition remodeling in improving physical function after 12-months 

of PA+WL or PA+SA. We hypothesized that decreases in VAT and IMAT would be related 

to improved function independent of change in total fat mass. We also report the overall 

12-month effects of PA+WL and PA+SA on physical function and body composition.

METHODS

Participant Recruitment and Screening

Community-dwelling, overweight to moderately obese (body mass index (BMI) 28.0–39.9 

kg/m2), mostly sedentary men and woman age 60 and older were recruited to participate 

in a one-year, pilot randomized controlled trial called the Wellness for Elders through 

Lifestyle and Learning (WELL) Study. A flow chart describing screening, randomization 

and follow-up is provided in Figure 1. Participants were recruited via mass mailings and 

those who were interested (n=193) were telephone screened for initial eligibility, which 

has been described in detail elsewhere(19). Briefly, telephone exclusion criteria included: 

inappropriate age and BMI ranges, regular exercise ≥3x/week and ≥90min/week in the past 

month, having lost more than 10lbs in the past 4 months, taking medication for obesity or 

unwillingness to be randomized into either intervention group. Those who were interested 

and eligible (n=39) attended two baseline screening visits. Participants who were: 1. unable 

to walk 400m in <15 minutes without an assistive device, 2. deemed by the study nurse 

practitioner to have severe medical condition(s) precluding safe participation in a diet 

and/or exercise intervention, or 3. had significant cognitive impairment (known diagnosis 

of dementia or Modified Mini-Mental State Exam score <80) were also excluded. A total of 

36 individuals were randomized into either the Physical Activity plus Weight Loss (PA+WL, 

n=21) or Physical Activity plus Successful Aging (PA+SA, n=15) group. Randomization 

was stratified by age and sex, which resulted in a slight imbalance between groups. This 

study was approved by the University of Pittsburgh Institutional Review Board and all 

participants provided written informed consent.

Physical Activity Program

All enrollees participated in a physical activity program consisting primarily of treadmill 

walking, supplemented with lower extremity resistance training using ankle weights and 

balance exercises(19,22). Participants were asked their Rating of Perceived Exertion on the 

Borg Scale (6–20)(23) after each activity and intensity was titrated to maintain a rating 

of 13 (“somewhat hard”). Exercise sessions were designed to be 60–75 minutes, with an 

emphasis on treadmill walking of at least 150 min/week by week 9. If the participant could 

spend the majority of the time walking, they were permitted to complete the ankle weight 

and balance exercises at home. Participants were given ankle weights to take home only 

after demonstrating their ability to perform exercises properly. Ankle weight load could 

be increased by 0.5lb increments up to a maximum of 20lbs and exercises performed 

included: a standing leg curl, knee (quadriceps) extension, side hip raise and a toe stand. An 

unweighted wide leg squat was also performed by getting in and out of a chair with arms 

crossed.
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The program was divided into three phases: adoption (weeks 1–8), transition (weeks 9–24), 

and maintenance (weeks 25–52), designed to transition exercise out of the clinic setting and 

into the participant’s daily routine. During the adoption phase, participants were required 

to attend 3 center-based exercise sessions per week. For the transition phase, center-based 

sessions were reduced to 2 sessions per week with the third session to be conducted at 

home. During the maintenance phase, participants were invited to attend 1 optional exercise 

session per week; but, were expected to engage in physical activity at least three 3 per week. 

Rather than assigning participants specific days and times to exercise, an open-door policy 

was utilized and session length was not capped. Home exercise logs were maintained and 

collected weekly during all phases of the intervention.

Weight Loss Intervention

Participants in PA+WL (n=21) attended 24 weekly, 2 bi-monthly, and 5 monthly sessions 

lead by a nutritionist. Strategies to achieve the recommended caloric intake were discussed 

and performance in the weight loss intervention was evaluated. Based on baseline weight, 

according to the Diabetes Prevention Program(24), participants were assigned one of the 

following daily goals: 1200 calories and 33 fat grams, 1500 calories and 42 fat grams, 1800 

calories and 50 fat grams, or 2000 calories and 55 fat grams. Total daily fat intake was 

limited to ~25% of total calories and emphasis was placed on consuming of mono- and 

polyunsaturated fats while limiting saturated fat and cholesterol. In addition, participants 

were instructed to include at least 5 servings of fruits or vegetables and 6 servings of grains, 

especially whole grains, in their daily diet. The goal was to achieve a 7% reduction in body 

weight by 6-months and to maintain the weight loss for the remainder of the trial. To aid 

weight loss, participants were weighed once per week and kept food records for at least 6 

days/week during the first 6 months and once per month thereafter.

Successful Aging (SA) Health Education Intervention

The PA+SA group (n=15) attended 60-minute, once monthly successful aging health 

education workshops to control for attention. The sessions were based on “The Ten Keys to 

Healthy Aging™”(25) and the comparison intervention program developed for the Lifestyle 

Interventions and Independence for Elders Pilot Study(22).

Clinical Measurements

All measures were collected at baseline (BL), 6- and 12-months. Body height (cm) and 

weight (kg) were measured and used to calculate BMI (kg/m2). Waist circumference 

(cm) was measured as previously described using the Gulick II tape measure (Country 

Technology Inc., Gray Mills, WI) (19). Participants also completed questionnaires on 

socio-demographics, medical history, and physical activity was measured using the 

Community Healthy Activities Model Program for Seniors (CHAMPS) Physical Activity 

questionnaire(26). PA levels from the CHAMPS were calculated as minutes/week of 

moderate intensity (≥3 METs).
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Physical Performance Measures

The Short Physical Performance Battery (SPPB)(27), which included a 4m walk, chair 

stands and balance tests, and time (s) to complete a usual paced 400m walk(19), were used 

to assess physical function.

Dual Energy X-ray Absorptiometry (DXA)

Total body fat mass, percent body fat, and total body lean mass (excluding bone) were 

measured using DXA (Hologic QDR 4500, software version 12.3; Bedford, MA)(28).

Computed Tomography (CT)

CT scans (9800 Advantage, General Electric, Milwaukee, WI) were used to quantify cross-

sectional areas (CSA) of total, VAT and subcutaneous abdominal adipose tissue, as well 

as CSA of mid-thigh muscle, total thigh adipose tissue, IMAT and muscle density (a 

surrogate marker of intramyocellular lipid content) using established methods(11,18–19) 

and commercially available software (Slice-O-Matic, Tomovision, Montreal, Canada).

Statistical Analyses

Univariate statistics included means and standard deviations. Changes from baseline to 

12-months were calculated and the statistical significance of both within and between 

group changes were determined using parametric and nonparametric tests where appropriate. 

Generalized Estimating Equations with an unstructured correlation matrix were used to 

quantify the relationship between 6- and 12-month changes in body composition with 

change in SPPB. Six and 12-month change scores, as opposed to values by time interactions, 

were used in the models due to the small sample size. Intervention groups were pooled for 

these analyses to address the aim of determining mechanisms regarding body composition 

remodeling. The effect of adjusting for intervention assignment and the significance of its 

beta coefficient were also assessed.

To correspond with GEE analyses, baseline characteristics include those who completed 

at least a 6-month visit (n=35). Baseline characteristics of the entire cohort (n=36) and six-

month change data (n=35) are published elsewhere(19). Twelve month change data include 

the 32 participants who completed the trial and key baseline characteristics of completers 

(n=32) and non-completers (n=4) were compared. In addition to those lost to follow-up, two 

participants in each group were missing thigh or abdominal CT scans at all time points due 

to metal deposits in the body. Analyses were conducted with SAS v9.2 (SAS Institute, Inc., 

Cary, NC).

RESULTS

Baseline Characteristics

There were no significant baseline differences between the PA+WL and PA+SA groups in 

regard to demographic, anthropometric, body composition and PA, except total abdominal 

fat (P=0.04), which was higher in PA+WL (Tables 1 & 2). The PA+WL group also tended 

to have lower baseline SPPB scores and slower 400m walk times compared to the PA+SA 

group (both P=0.08, Figure 3).
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There were no significant differences between completers (n=32) and those lost to follow-up 

(n=4) for any baseline measure except total thigh and subcutaneous thigh fat (both P<0.01), 

which were higher in those lost to follow-up. Those lost to follow-up also tended to have 

lower SPPB (10.0±1.3 vs. 11.3±1.0, P=0.07) and slower 400m walk times (406.2±60.5s vs. 

348.8±45.5s, P=0.08, data not shown).

Intervention Adherence

PA+WL and PA+SA groups adhered, defined as percent attendance, similarly to the PA 

intervention during all phases of the intervention: adoption (79.2±19.5% vs. 77.7±12.1%, 

P=0.50), transition (60.4±27.7% vs. 66.3±26.4%, P=0.50), maintenance (16.3±14.8% vs. 

14.3±12.3%, P=0.65) and total (51.3±19.7% vs. 52.2±15.8%, P=0.87). Likewise, minutes 

walked during the PA sessions was similar between PA+WL and PA+SA during all phases: 

adoption (28.5±9.0 vs. 29.3±8.3min, P=0.80), transition (34.6±16.7 vs. 38.2±13.7min, 

P=0.24), maintenance (37.8±21.2vs. 37.3±12.6min, P=0.64) and total (32.1±13.6 vs. 

34.0±10.3min, P=0.42).

Adherence to the weight loss intervention was defined as the percentage of those meeting 

the weight loss goal and mean weight reduction. At 12-months, 39% (7/18) of participants 

achieved and maintained their 7% weight loss goal. The PA+WL group achieved a 5.5±6.8% 

weight reduction at 12-months.

Change in Anthropometrics and Body Composition (DXA)

PA+WL significantly decreased body weight from BL to 12-months and to a greater degree 

than PA+SA (Table 2). PA+WL resulted in a 5-fold greater percent decrease in total body fat 

mass compared to lean mass (−13.1% vs. −2.5%, Table 2). PA+SA also resulted in greater 

decreases in total fat compared to lean mass.

Change in Body Composition (CT)

Significant 12-month decreases in total, subcutaneous and visceral abdominal adipose tissue 

were found for PA+WL, but not PA+SA (Table 2 and Figure 2). Additionally, significant 

between-group differences were observed for changes in VAT and total abdominal adipose 

tissue CSA, but not abdominal subcutaneous adipose tissue (Table 2). The PA+WL group 

lost a greater proportion of VAT compared to subcutaneous abdominal adipose tissue 

whereas PA+SA gained a small amount of VAT and lost 8.7% of baseline subcutaneous 

abdominal fat (Table 2 and Figure 2).

PA+WL resulted in significant 12-month decreases in subcutaneous and total adipose tissue 

CSA of the thigh while PA+SA did not; however, no significant intergroup differences 

existed (Table 2). PA+WL experienced a 2-fold greater percent decrease in IMAT compared 

to subcutaneous adipose tissue in the thigh (Table 2 and Figure 2). A 12-month decrease 

in IMAT (−1.8±2.6 cm2, −14.5%, P=0.03) was found in the PA+SA group, but no other fat 

depots decreased significantly. Neither group significantly increased thigh muscle density 

(Table 2). Decreases in thigh muscle CSA were observed in both groups, with PA+WL 

reaching significance. PA+WL reduced the proportion of total fat CSA twice as much as 
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thigh muscle CSA (−13.7% vs. −5.0%), whereas PA+SA resulted in equal proportions of 

total thigh fat and muscle loss (−2.4% vs. −2.5%, Table 2).

Intervention Effect on Physical Performance

PA+WL significantly increased SPPB scores from baseline to 12-months (0.8±1.4, P=0.03), 

with most of the improvement occurring between baseline and 6-months (0.6±1.4, P=0.06, 

Figure 3, Panel A). PA+SA improved SPPB scores marginally from baseline to 6-months, 

but this improvement did not reach statistical significance (0.5±0.9, P=0.13, Figure 3 Panel 

A) and diminished by 12-months. Though the magnitude of 12-month SPPB improvement 

was greater and statistically significant for PA+WL, between group difference did not reach 

statistical significance (P=0.27). Further, a sensitivity analysis adjusting for baseline waist 

circumference, weight, total body fat and baseline 400m walk time did not change the 

interpretation of the between group comparison for change in SPPB score.

PA+WL significantly improved 400m walk time from baseline to 6-months; but, this 

improvement depreciated by 12-months (Figure 3 and Panel B). PA+SA showed no change 

in 400m walk time from baseline to 6-months and actually declined overall from baseline 

to 12-months, yet there were no significant intergroup differences between 400m walk time 

at either 6- (22.0±48.7s, P=0.20) or 12-months (31.6±62.4s, P=0.17). Further, a sensitivity 

analysis adjusting for baseline waist circumference, weight, total body fat and baseline 400m 

walk score did not change the interpretation of the between group comparison for change in 

400m walk time.

Relationship between Changes in Body Composition and SPPB

Intervention groups were combined for these analyses. After adjustment for age, sex, race, 

baseline body composition and SPPB, 6- and 12-month decrease in IMAT, subcutaneous 

adipose of the thigh, total thigh fat, VAT and total abdominal fat were all significantly 

related to 6- and 12-month improvements in SPPB (Table 3). An increase in muscle density 

was also associated with an increase in SPPB score after adjustment for covariates (Table 

3). Models for IMAT and muscle density were also adjusted for total thigh muscle CSA. 

After adjustment for change in total fat mass, change in VAT and IMAT remained significant 

predictors of improved SPPB score (both P=0.04). Decreases in subcutaneous abdominal fat 

and total thigh muscle CSA were not significantly related to improvements in SPPB before 

or after adjustment for change in total fat.

After adjustment for covariates, 6- and 12-month change in total fat mass from DXA was 

significantly related to 6- and 12-month change in SPPB, while change in total lean mass 

was not (Table 3). Adjusting for intervention assignment had little to no effect on any 

model involving CT or DXA measures and the coefficient corresponding to randomization 

assignment was not significant in any model.

DISCUSSION

A key and novel finding of this research was that decreases in IMAT and VAT were 

significantly associated with improvements in SPPB independent of decrease in total fat 

mass. These findings support our hypotheses that losing fat mass improves function and 
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more importantly, the region where the fat is lost matters. This research also expands upon 

cross-sectional work showing that IMAT and VAT are associated with worse muscle or 

physical performance and adverse health conditions that may negatively affect muscle or 

physical performance (10,17,29). Consistent with our results, a recent WL+PA intervention 

study in obese older women showed that decreases in IMAT and subcutaneous fat of the calf 

were associated with improved walking performance(21). However, no relationship between 

changes in thigh IMAT and improved walking performance were observed. This difference 

may be attributable to their participants being about 7 years younger and 3.5 kg/m2 more 

obese.

Although there were no statistically significant differences between the PA+WL and PA+SA 

group regarding improvement in SPPB or 400m walk time, the PA+WL group showed 

significant improvements in SPPB from BL to 12-months, while the PA+SA group did not. 

As previously shown, these effects were mainly achieved during the more intensive phase of 

the intervention(19) and improvement in 400m walking time for PA+WL was only partially 

sustained during the maintenance phase. The lack of sustained or continued improvement 

during the maintenance phase suggests that better efforts are needed to maintain long-term 

improvements in function(30–31). However, the benefits of PA should not be understated, as 

this cohort was relatively high functioning and the PA+SA group maintained their function. 

The suggestion that PA+WL improved function to a greater degree than PA+SA is in 

agreement with previous research in obese older adults demonstrating that diet plus exercise 

is more effective at improving physical function than either exercise or diet alone (6,32).

Interestingly, PA+WL appeared to preferentially target IMAT and VAT as opposed to 

subcutaneous fat, as the PA+WL group lost twice the proportion of IMAT and VAT 

compared to subcutaneous fat of both the thigh and abdomen. This is consistent with 

previous studies exhibiting that WL induced via caloric restriction, exercise or in 

combination results in decreases in IMAT and VAT(20,33–35). For example, in older 

adults both exercise- and caloric restriction-induced WL have been shown to reduce IMAT 

and VAT to a greater degree than subcutaneous thigh and abdominal fat, respectively(33). 

Importantly, exercise-induced WL resulted in greater decreases in IMAT and VAT compared 

to caloric restriction(33). Additionally, while the PA+WL group lost significant amounts of 

total and thigh lean mass, they lost over 5-times the proportion of total fat and twice the 

proportion of thigh fat compared to lean mass. This is in agreement with previous work 

comparing WL+PA to WL alone, which showed that PA was necessary to preserve lean 

mass(36). Although our study was not designed to test this hypothesis (no WL only), our 

results taken into consideration with the findings of Murphy(33) and Chomentowski(36) 

et al., suggest that physical activity in addition to weight loss, compared to weight loss 

alone, may result in more optimal body composition remodeling. Future work will examine 

particular factors driving the body composition remodeling, including changes to specific 

nutrient intake.

The biological mechanisms by which decreasing these specific fat depots may improve 

physical performance are unclear. VAT is strongly associated with insulin resistance 

independent of overall adiposity as well as with higher levels of proinflammatory 

cytokines(10–12). Therefore, decreases in VAT may result in improvements in metabolic 
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and inflammatory states, which may positively affect muscle and physical performance. 

Similarly, IMAT and muscle density are related to insulin resistance and the metabolic 

syndrome(11,37–38); therefore, decreasing IMAT and muscle density levels may result in 

a more optimal metabolic state, leading to improved muscle and physical function. Further, 

higher IMAT levels have also been linked to higher levels of inflammation(15). Intervention 

trials examining the specific relationships between decreases in IMAT, muscle density, and 

VAT with change in inflammatory and metabolic markers, and how they impact physical 

function in older adults are needed.

The current study has several strengths. First, physical function was measured objectively 

using validated and widely used performance measures rather than self-report. The gold 

standard method of CT was used to measure regional body composition and DXA was 

implemented because it is widely used and validated, allowing for comparison with other 

studies. The statistical method used took into account both 6- and 12-month data, thus all 

participants, except for the one in PA+SA who dropped out before 6-months, contributed 

to the main analyses. Limitations include the lack of WL only and true control groups, 

which would have enabled us to examine the exclusive effects of weight loss, physical 

activity and the combination of both. PA was measured via self-report, which introduces 

recall bias. Although function was performance based, SPPB score has a ceiling and the 

walk was usual paced; implementing a higher level task, such as a fast paced 400m walk, 

may have been more sensitive to changes in this higher functioning cohort. Further, the 

PA+SA group had a higher SPPB score at baseline, which would have made them more 

susceptible to the ceiling effect. The PA+WL group had 3 participants dropout between the 

6- and 12-month clinic visits whereas the PA+SA group had 1 participant before beginning 

the intervention. Those lost to follow-up had higher amounts of subcutaneous and total thigh 

fat. However, it is unlikely that this would have affected the main results concerning the 

relationship between changes in body composition and physical function in an intention 

to treat analyses; as those who dropped out likely experienced decreases in function and 

increases in fat depots. Finally, participants in this study were volunteers and not a random 

sample of the population, limiting the generalizability of this study. Specifically, participants 

were mostly white females, relatively healthy and high functioning, thus these findings may 

not be generalizable to minority, male or frailer older adults.

In conclusion, decreases in IMAT and VAT, regardless of intervention assignment and 

independent of decreases to total fat mass, were significantly related to improved physical 

function. Therefore, targeting these fat depots may be of particular importance when aiming 

to improve physical function or prevent physical disability in older adults. Further, physical 

activity seems to target IMAT, as opposed to subcutaneous fat, and is likely necessary 

to optimize body composition remodeling during intentional weight loss. Additionally, 

weight loss in conjunction with physical activity resulted in significant improvements in 

physical function after 12-months, whereas physical activity plus successful aging did 

not. This study provides important and novel insights into mechanisms, related to body 

composition remodeling, by which moderate physical activity and intentional weight loss 

improve physical function in older adults.
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Figure 1. 
Screening, Randomization and Follow-Up Flow Chart
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Figure 2. 12-Month Changes in Specific Fat Depots of the Thigh and Abdomen Measured by 
Computed Tomography.
Data are presented as mean percent change in cross-sectional area, except muscle density, 

which was measured in Hounsfield units. The PA+WL group experienced significant 

decreases in all depots (all P<0.05) except muscle density – which increased slightly in 

both groups. The PA+SA group experienced a significant decrease in IMAT only (P<0.05). 

A significant intergroup difference exists for change in VAT only (P<0.05). *Denotes 

a significant change from baseline (P<0.05). Abbreviations: SUBQ: subcutaneous, VAT: 

visceral adipose tissue, IMAT: intermuscular adipose tissue, BL: baseline, PA+WL: physical 

activity plus weight loss, PA+SA: physical activity plus successful aging education.
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Figure 3. Short Physical Performance Battery Score (Panel A) and 400 Meter Walk Time (Panel 
B) by Time Point and Intervention Group
Panel A. Change in SPPB score by time point and stratified by intervention group. Data 

are means and the error bars represent standard errors. The PA+WL group experienced a 

near significant improvement from baseline to 6-months (0.6±1.3, P=0.06, n=21) and this 

change became significant at 12-months (0.8±1.4, P=0.03, n=18). The PA+SA group did 

not experience any significant changes, but there were no significant intergroup differences 

in regard to change in SPPB score. *Denotes a significant change from baseline (P<0.05). 

Abbreviations: SPPB: short physical performance battery, PA+WL: physical activity plus 
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weight loss, PA+SA: physical activity plus successful aging education. Panel B. Time to 

walk 400m at usual pace in seconds, by time point and stratified by intervention group. Data 

are means and the error bars represent standard errors. The PA+WL group experienced 

a significant improvement (P<0.05) from baseline to 6-months, but this improvement 

reverted back to non-significance at 12-months. The PA+SA group did not show any 

significant changes and there were no significant intergroup differences in regard to 6- or 

12-month change in 400m walk time. *Denotes a significant change from baseline (P<0.05). 

Abbreviations: PA+WL: physical activity plus weight loss, PA+SA: physical activity plus 

successful aging education
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Table 1.

Baseline and Demographic Characteristics by Intervention Group

PA + WL
(n= 21)

PA + SA
(n=14) P-value

Age 70.6 (5.9) 69.9 (6.2) 0.83

Gender >0.99

Male 4 (19.1) 2 (14.3)

Female 17 (81.0) 12 (85.7)

Race 0.19

White 19 (90.5) 10 (71.4)

African American 2 (9.5) 4 (28.6)

Education 0.48

High School/GED 13 (61.9) 9 (64.3)

College 6 (28.6) 2 (14.3)

Other/Refused 2 (9.5) 3 (21.4)

Household Income (yearly) 0.79

<$50,000 13 (61.9) 9 (64.3)

>$50,000 3 (14.3) 3 (21.4)

Don’t Know/Refused 5 (23.8) 2 (14.3)

Values are Mean (SD) or N (%). Abbreviations: PA+WL: physical activity plus weight loss, PA+SA: physical activity plus successful aging 
education
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Table 2.

Mean Baseline and 12-month Changes in Anthropometric Measures, Body Composition and Physical Activity 

by Intervention Group

PA + WL
(Baseline n = 21, Change n = 18)

PA + SA
(Baseline and Change n = 14)

BL Value or 12-month 
Change

Percent 
Change p-value *

BL value or 12-month 
Change

Percent 
Change p-value *

Anthropometric

Waist Circumference, cm

Baseline 108.8 (7.2)
† 104.3 (8.3) 0.12

12-month Change −2.5 (7.8) −2.1 0.18 0.1 (10.5) 0.2 0.62

Body Weight, kg

Baseline 89.8 (10.0) 85.3 (6.8) 0.21

12-month Change −4.9 (6.1)§ −5.5 0.002 −0.8 (3.0)§ −1.0 0.32

BMI, kg/m2

Baseline 33.6 (3.3) 32.0 (3.1) 0.22

12-month Change −1.7 (2.3)§ −5.2 0.002 −0.2 (1.1)§ −0.6 0.71

DXA

Percent Body Fat

Baseline 43.0 (5.4) 42.2 (5.4) 0.65

12-month Change −2.9 (3.4)§ −7.2 <0.001 −0.8 (1.6)§ −1.8 0.09

Total Fat Mass, kg

Baseline 38.0 (5.9) 35.7 (6.7) 0.56

12-month Change −4.8 (4.6)§ −13.1 <0.001 −1.2 (2.2)§ −3.2 0.06

Total Lean Mass, kg

Baseline 48.2 (7.6) 46.2 (5.4) 0.63

12-month Change −1.2 (1.7) −2.5 0.01 −0.1 (1.2) −0.2 0.81

Abdominal CT 
‡ 

Total Fat, cm2

Baseline 661.5 (134.1) 561.9 (97.1) 0.04

12-month Change −81.5 (104.8)§ −11.0 0.006 −26.5 (77.8)§ −5.9 0.24

Visceral Fat, cm2

Baseline 217.7 (61.3) 178.7 (49.7) 0.10

12-month Change −34.8 (40.4)§ −15.1 0.004 −1.0 (29.3)§ 2.1 0.91

SUBQ Fat, cm2

Baseline 443.7 (124.5) 382.4 (93.7) 0.07

12-month Change −46.7 (62.8) −8.2 0.02 −24.8 (63.8) −8.7 0.19

Right Thigh CT 
‡ 

Total Fat, cm2

Baseline 150.8 (52.4) 134.4 (47.8) 0.39

12-month Change −19.1 (24.4) −13.7 0.007 −3.4 (7.8) −2.4 0.15

J Nutr Health Aging. Author manuscript; available in PMC 2022 March 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Santanasto et al. Page 19

PA + WL
(Baseline n = 21, Change n = 18)

PA + SA
(Baseline and Change n = 14)

BL Value or 12-month 
Change

Percent 
Change p-value *

BL value or 12-month 
Change

Percent 
Change p-value *

SUBQ, cm2

Baseline 133.2 (52.8) 115.9 (46.9) 0.37

12-month Change −15.4 (23.7) −12.3 0.02 −1.5 (7.5) −0.7 0.49

IMAT, cm2

Baseline 12.5 (3.6) 13.9 (5.5) 0.60

12-month Change −3.2 (2.2) −23.6 <0.001 −1.8 (2.6) −14.5 0.03

Muscle Mass, cm2

Baseline 102.3 (23.2) 101.5 (21.8) 0.90

12-month Change −5.0 (6.4) −5.0 0.008 −2.1 (5.7) −2.5 0.21

Muscle Density, HU

Baseline 39.6 (3.1) 39.9 (3.3) 0.69

12-month Change 0.7 (1.5) 1.8 0.11 0.2 (1.4) 0.6 0.55

Physical Activity, min/week

Baseline 198.6 (227.7) 337.5 (306.6) 0.22

12-month Change
# −29.2 (243.4) 0.91 49.3 (336.9) 0.62

†
Values are mean ± Standard Deviation.

*
P-values denote significance of between group differences for baseline rows and 12-month within group changes for change rows.

§
Denotes a significant between group difference for 12-month change, P < 0.05.

‡
Two participants in each group are missing thigh or abdominal CT scans due to metal deposits in the body.

#
Six participants are missing percent change data due to a 0 baseline value.

Abbreviations: PA+WL: physical activity plus weight loss, PA+SA: physical activity plus successful aging education, BL: baseline, BMI: body 
mass index, DXA: dual energy x-ray absorptiometry, CT: Computed Tomography SUBQ: subcutaneous, IMAT: intermuscular adipose tissue, HU: 
Hounsfield units.
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Table 3.

6- and 12-Month Change in Regional Body Composition Predicting 6- and 12-Month Change in SPPB Score 

using GEE

Variable* Std ß (SE) P-value
Adjusted for Δ Fat Mass, DXA

Std ß (SE) P-value

Δ Intermuscular Fat ** −0.41 (0.14) <0.01 −0.34 (0.17) 0.04

Δ Muscle Density ** 0.22 (0.10) 0.04 0.13 (0.14) 0.37

Δ Thigh Subcutaneous Fat −0.31 (0.11) <0.01 −0.26 (0.21) 0.21

Δ Total Thigh Fat −0.34 (0.11) <0.01 −0.36 (0.28) 0.20

Δ Abdominal Subcutaneous Fat −0.18 (0.10) 0.09 −0.16 (0.11) 0.12

Δ Visceral Adipose Tissue −0.45 (0.16) <0.01 −0.41 (0.15) <0.01

Δ Total Abdominal Fat −0.33 (0.12) 0.01 −0.42 (0.11) <0.01

Δ Thigh Muscle CSA 0.10 (0.18) 0.56 0.22 (0.13) 0.08

Δ Lean Mass, DXA −0.07 (0.08) 0.36 – –

Δ Fat Mass, DXA −0.33 (0.14) 0.02 – –

Δ Total Mass, DXA −0.27 (0.14) 0.06 – –

*
Models are adjusted for age, sex, race, randomization group, time point, baseline body composition (models adjusted for Δ Fat Mass are also 

adjusted for baseline fat mass) and SPPB scores.

**
Models are also adjusted for baseline thigh muscle cross-sectional area.

Abbreviations: Std: standardized, SE: standard error, Δ: change, DXA: dual energy x-ray absorptiometry, GEE: generalized estimating equations
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