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Introduction
There has been a systematic increase in overweight and obesity 
in US adults with the current percentage of overweight adults at 
~60% (1). Maintenance of a healthy body habitus is important 
to well-being and to lower the risk of morbidity and mortality 
(2,3). Physical activity and cardiorespiratory fitness (CRF) are 
important for weight management and for maintaining good 
health, not only in normal-weight persons but also in those who 
are overweight or obese (4,5). Previously, we evaluated weight 
change in 2,501 men who completed four examinations over 5 
years. Men who reported physical activity at or above recom-
mended amounts were successful in preventing weight gain (6). 
We also modeled changes in CRF and changes in body weight in 
724 women and 4,599 men who completed three clinical exami-
nations over an average of 7.5 years. Individuals who increased 
fitness were less likely to gain weight during follow-up (7).

Recent public health recommendations for physical activ-
ity (8) provide more emphasis on the importance of resistance 

training, which leads to higher levels of muscular strength. 
Typically, a single measure (e.g., grip strength) has been used 
to evaluate the health benefits of strength (9), and we have 
shown that a multidimensional (bent-leg curl ups, and one-
repetition maximum bench press and leg press) strength 
assessment shows an inverse association between metabolic 
syndrome(10,11) and mortality (12). Multidimensional 
strength measures reflect overall body strength and are more 
valid than a single measure of strength (13).

There is some evidence that muscular strength may be 
important in weight maintenance. Mason et al. (14), using self-
reported BMI, conclude that low strength is a significant pre-
dictor of 20-year weight gain in Canadian adults and suggest 
that resistance training could help attenuate age-related weight 
gain and ultimately prevent obesity. The benefits of resist-
ance training include increased muscular strength, decreased 
percent body fat, increased lean body mass, increased insu-
lin sensitivity, and increased basal metabolic rate (15). Thus, 
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muscular strength could have a role in preventing a positive 
energy balance and unhealthful weight gain.

The purpose of the present investigation is to examine the 
relations between muscular strength and obesity as meas-
ured by two body composition characteristics, percent body 
fat, and abdominal fat in adult men. A two-phase approach 
was used. In the cross-sectional study, the prevalence of obes-
ity across levels of muscular strength was examined. In the 
longitudinal study, the incidence of obesity, in men who had 
follow-up clinic examinations, across levels of baseline mus-
cular strength was evaluated. Further, data from the Aerobics 
Center Longitudinal Study (ACLS) allowed us to evaluate the 
association of strength to body composition while controlling 
for an important confounder, CRF, and for other clinical char-
acteristics. The ACLS is a long-term study of almost 40 years 
that has been conducted at The Cooper Clinic and The Cooper 
Institute. The study combines a comprehensive clinical, health, 
and fitness assessment that allows both cross-sectional and lon-
gitudinal study of risks for morbidity and mortality outcomes.

Methods and Procedures
Participants
The participants were men from the ACLS who completed at least two 
(baseline, follow-ups) clinical examinations at the Cooper Clinic in 
Dallas, TX between 1980 and 2006. The specifics of the clinical exami-
nation have been described in previous reports (16–19). Participants 
came to the clinic for periodic examinations and counseling for healthy 
lifestyles and reduction of chronic disease risk. They were referred by 
employers, personal physicians, or by themselves. To be included in 
this study, participants must have completed tests of muscular strength 
and a treadmill test to voluntary exhaustion during the baseline clini-
cal examination. Smoking status was determined during the clinical 
exam and recorded as current smoker or nonsmoker (never and past 
smokers). The majority of the sample was white with mid to upper 
socioeconomic status. Among the 4,654 men aged 20–79 years who 
completed muscular strength tests and a treadmill test at baseline, men 
with abnormal resting or exercise electrocardiogram (n = 254), history 
of heart attack (n = 51), stroke (n = 5), cancer (n = 19), diabetes (n = 
96), hypertension (n = 1,118), and failure to achieve at least 85% of 
their age-predicted maximal heart rate (220 minus age in years) on the 
treadmill test (n = 86) were excluded in the cross-sectional study. For 
the longitudinal study analyses, men with percent body fat ≥25% (n = 
520), waist circumference >102 cm (n = 313) at baseline, or men with-
out follow-up percent body fat information (n = 272) were additionally 
excluded. Because the exclusion criteria were not mutually exclusive 
(participants might have multiple exclusion factors), the resulting sam-
ples were 3,258 men in the cross-sectional study and 2,405 in the lon-
gitudinal study. The volunteer participants provided informed consent 
for the examination and follow-up. The procedures for the protection of 
human participants in the ongoing ACLS were reviewed and approved 
annually by the Cooper Institute’s Institutional Review Board.

Design
We present two separate sets of analyses in this report. The first 
analysis was a cross-sectional analysis in all men with measures of 
muscular strength, adiposity, and fat distribution. We examined the 
outcome variables excessive body fat (EBF) and excessive abdominal 
fat (EAF) across quintiles of muscular strength, with consideration 
of several potentially confounding variables. In a second analysis, we 
examined the incidence of meeting clinically significant outcomes for 
percent body fat and waist girth in a subset of men who were below 
these cut-points at baseline and had at least one follow-up clinical 
examination.

Primary variables
The principal exposure in this study was muscular strength assessed 
at the baseline clinical examination. Two tests of strength, 1-repetition 
maximum bench press (1-RM; upper body) and 1-RM leg press (lower 
body), were administered. Past research indicates these two tests 
serve as valid markers of the principal factors of muscular strength 
(13). The strength tests, a supine bench press and a seated leg press, 
were conducted with variable resistance Universal weight machines 
(Universal Equipment, Cedar Rapids, IA). Instructions were provided 
to each participant on proper lifting technique. Initial loads were 70% 
(bench press) and 100% (leg press) of the participant’s body weight. 
Participants completed a series of lifts with incremental increases in 
weight lifted (2.27–4.54 kg) with short rest periods between each lift. 
Maximal effort was usually achieved after five or fewer lifts. Important 
to the present investigation, test–retest reliability estimates were 0.90 
for the bench press and 0.83 for the leg press indicating acceptable 
levels of true score and measurement error in the raw strength scores 
(10). Our strength index used in this study was operationally defined 
by the following:

1.	 The 1-RM values for the bench press and leg press were added 
together to provide a total strength score.

2.	 The total strength score was regressed on the age and body weight 
determined at the baseline clinical examination.

3.	 A standardized residual total strength score was produced from 
the multiple regression analysis. The standardized residual total 
strength score was uncorrelated with age (r = 0.0) and body weight 
(r = 0.0).

4.	 The participants’ residual total strength scores were divided into 
quintiles (Q1, Q2, Q3, Q4, and Q5) with the lowest strength quin-
tile (Q1) representing the weakest 20% and the highest strength 
quintile (Q5) representing the strongest 20%. The strength quin-
tiles were established on the cross-sectional study participants and 
maintained as the final index in the longitudinal study analysis.

These procedures produced a strength index that allowed us to estab-
lish quintile cut-points based on 3,258 participants.

The outcome variables were EBF and EAF. These variables were 
determined by exceeding clinical cut-points for percent body fat and 
waist girth. Both of these outcomes are associated with higher risk 
for numerous adverse health outcomes such as hypertension, type 2 
diabetes, and coronary heart disease (20–24). These outcomes were 
assessed in the laboratory as part of the extensive clinical examination. 
The cut-point to identify EBF was ≥25%. There has been no authorita-
tive consensus report on a cut-point for EBF, but there is support for 
such a value in the literature (5). Furthermore, this value is the one 
that we have shown to be associated with higher risk for all-cause and 
cardiovascular disease mortality (5,23). We selected >102 cm as the 
cut-point indicative of EAF that has been established by the National 
Institutes of Health (25). We also have shown this cut-point to identify 
men at high risk for mortality in the ACLS (5). Percent body fat was 
assessed by hydrostatic weighing, sum of seven skinfolds, or both. 
In the clinical examination, some participants chose to go through 
the underwater weighing process for hydrostatically estimated body 
density with a mathematical conversion to percent body fat, whereas 
other participants received a skinfold estimate of percent body fat. 
Standardized protocols were utilized and specific procedures for the 
ACLS assessment of percent body fat are available in the literature 
(5,23,26,27). The correlations between hydrostatically estimated per-
cent body fat and skinfold estimated percent body fat exceed 0.90 for 
participants who had both measurements (26,27). When available, 
hydrostatically estimated percent body fat was always used in the 
analysis. In the cross-sectional study, 1,251 participants were assessed 
with underwater weighing and 2,007 were assessed with skinfolds. In 
the longitudinal study, 899 were assessed with underwater weighing 
and 1,506 with skinfolds. Waist girth was measured at the level of the 
umbilicus using a plastic anthropometric tape (25).
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CRF is a potentially important confounder in evaluating the relation 
of muscular strength to general obesity and abdominal obesity. CRF has 
been demonstrated to attenuate weight gain and be inversely related to 
percent body fat and abdominal obesity (28–31). We measured CRF 
using the time (minutes) to voluntary exhaustion on a treadmill test 
using a modified Balke protocol (32). The specific protocol has been 
described in detail in past reports (16,17). The total time on maximal 
treadmill tests is highly correlated (r = 0.92) with maximal oxygen 
uptake in men (33).

Statistical analyses
Descriptive statistics, means, standard deviations, and percentages 
are reported for the entire samples and separated by strength quin-
tiles for both the cross-sectional study and the longitudinal study 
analyses. Partial correlation analysis was used to examine specific 
relations while controlling confounders. In the cross-sectional study, 
prevalence percentages for EBF and EAF were determined for each 
strength quintile. Logistic regression analysis was used to estimate the 
odds ratios and 95% confidence intervals across the strength quin-
tiles for EBF and EAF while controlling for important confounders. 
Two models, (i) controlling age and body weight, and (ii) controlling 
age, body weight, smoking status, and treadmill time were utilized. In 
the longitudinal study, the time of follow-up was the interval between 
the date of baseline clinical examination and the date of the clinical 
examination when the participant demonstrated EBF or EAF. For par-
ticipants who never developed excessive fat, the date of the last clini-
cal examination was used in the time of follow-up calculation. The 
average time of follow-up was 8.3 years. Man-years of exposure were 
expressed as the sum of the follow-up time across all participants. 
Incidence rates were expressed per 1,000 man-years after adjustment 
for age and weight at baseline. Cox proportional regression analysis 
was used to estimate hazard ratios (HRs) and 95% confidence inter-
vals across the strength quintiles for EBF and EAF while controlling 
confounding variables. The same two models evaluating confounding 
variables used in the cross-sectional study were also used in the longi-
tudinal study analyses. The proportional hazards assumption was sat-
isfied by examining the log–log survival plots. In a secondary analysis, 
we examined body weight change using a 5 (strength quintile) by 2 
(time, baseline/follow-up examination) analysis of covariance with 
repeated measures. The covariates in the analysis were age, time of 
follow-up, and CRF. As an internal validity check, we used analysis of 
variance and verified that after controlling for age and body weight, 
muscular strength for both the bench press and leg press tests signifi-
cantly increased across the strength quintiles (P < 0.001) in both the 
cross-sectional study and the longitudinal study analyses.

Results
The overall study sample consisted of 3,258 men aged 20–79 
years at baseline. All of these men were included in the cross 
sectional analyses. In addition, 2,405 who were below the EBF 
and EAF clinical cut-points at baseline and had at least one 
follow-up examination were included in the longitudinal study 
analyses.

The cross-sectional study
The descriptive statistics for the characteristics and perform-
ance variables are provided in Table 1. As anticipated by the 
statistical control of age and weight in the muscular strength 
measures, age and body weight, while statistically different, 
were numerically similar across the strength quintiles (effect 
sizes 0.10–0.17). This was also true for BMI, which has a high 
correlation with body weight. In another sample of ACLS men 
(n = 23,539), the partial correlation between BMI and body 
weight was 0.87 after controlling for age. Mean percent body 
fat and waist girth were incrementally lower (P < 0.001) across 
the strength quintiles with the highest values in Q1 and the 
lowest values in Q5. Treadmill time was incrementally higher 
(P < 0.001) across the strength quintiles. The partial correla-
tion between treadmill time and the muscular strength index 
was 0.22 (P < 0.01) after controlling for age and weight. The 
percentage of smokers varied nonsystematically from Q1 to 
Q5. The partial correlation, adjusting for age, between percent 
body fat and waist girth was 0.74 (P < 0.001). Among men with 
EBF, 47% had EAF and for men with EAF, 73% demonstrated 
EBF at the baseline clinical exam.

In Table 2, we present the associations between muscular 
strength and the prevalence of EBF and EAF. The prevalence 
of EBF drops systematically from a high of 27.2% (Q1) to a low 
of 8.1% (Q5). The prevalence of EAF drops systematically from 
Q1 to Q3 but remains similar across Q4 and Q5. For EBF, the 
logistic regression analysis (Model 1) indicates a strong inverse 
gradient (P < 0.001) between muscular strength quintiles and 
the prevalence of EBF, and the odds ratios for each quintile are 
significantly lower than the referent, Q1. In Model 2, with the 

Table 1 D escriptive statistics across strength quintiles in 3,258 men

Muscular strength quintiles*

All (n = 3,258) Q1 (low) Q2 Q3 Q4 Q5 (high)

Age (year) 42.2 (8.9) 40.7 (8.6) 42.3 (8.3) 43.5 (8.9) 43.3 (9.0) 41.2 (9.4)

Weight (kg) 81.2 (11.0) 82.1 (12.7) 80.8 (10.4) 80.0 (10.0) 80.7 (10.0) 82.3 (11.3)

BMI (kg/m2) 25.3 (2.9) 25.2 (3.4) 25.0 (2.8) 25.0 (2.7) 25.3 (2.7) 25.8 (3.0)

% Body fat 19.4 (5.8) 21.7 (6.1) 20.2 (5.4) 19.3 (5.2) 18.7 (5.4) 17.3 (5.7)

Waist girth (cm)a 91.2 (9.0) 93.0 (9.9) 91.5 (8.7) 90.6 (8.1) 90.9 (9.2) 90.3 (8.8)

Bench press (kg) 71.8 (17.2) 57.9 (10.2) 65.2 (10.1) 69.1 (10.5) 75.1 (11.7) 91.4 (19.8)

Leg press (kg) 135.8 (25.6) 114.3 (19.1) 125.4 (16.4) 132.3 (16.1) 142.6 (17.4) 164.5 (25.3)

Treadmill time (min) 20.8 (4.5) 19.8 (4.7) 20.4 (4.4) 20.8 (4.5) 21.1 (4.4) 22.1 (4.1)

Current smoker (N) (%) 409 (12.6) 85 (13.1) 90 (13.8) 76 (11.7) 90 (13.8) 68 (10.5)

Data are means (s.d.) unless otherwise indicated.
an = 3,094.
*All P values for trend across strength quintiles were <0.001 except for current smoker (P = 0.29).
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addition of control for smoking status and baseline CRF, the 
findings are remarkably similar. In Model 2, age (P < 0.001), 
body weight (P < 0.001), smoking status (P < 0.02), and CRF 
(P < 0.001) were independently related to the prevalent EBF 
with older, heavier, nonsmoking, and less-fit participants hav-
ing greater odds for EBF.

In Model 1, the odds ratios for prevalent EAF were lower (P < 
0.001) across the strength quintiles with the odds ratios for Q4 
and Q5 being significantly lower than the referent category. In 
Model 2, the addition of control for smoking status and base-
line CRF weakened the association between muscular strength 
and EAF, but the overall trend was still significant (P < 0.01). 
In Model 2, body weight (P < 0.001) and CRF (P < 0.001) were 

independently related to prevalent EAF, with heavier, less-fit 
participants having higher odds for elevated waist girths.

The longitudinal study
The descriptive statistics for the baseline measures of charac-
teristics and performance variables are provided in Table 3 for 
the 2,405 men who did not have EBF or EAF at baseline. As 
in the cross-sectional study, age and body weight, while statis-
tically different, were numerically similar across the strength 
quintiles (effect sizes 0.13–0.18). BMI was incrementally 
higher across strength quintiles (P < 0.001), whereas percent 
body fat was incrementally lower across quintiles (P < 0.001). 
Waist girth did not vary significantly (P = 0.56) from Q1 to Q5. 

Table 3 D escriptive statistics across strength quintiles in 2,405 men with normal EBF and EAF at baseline

Muscular strength quintiles*

All (n = 2,405) Q1 Q2 Q3 Q4 Q5 (high)

Age (year) 41.6 (8.9) 39.6 (7.9) 41.7 (8.2) 42.9 (8.6) 42.8 (9.2) 40.9 (9.5)

Weight (kg) 78.5 (8.5) 77.4 (8.8) 78.0 (8.4) 77.9 (7.9) 78.9 (8.5) 80.0 (8.8)

BMI (kg/m2) 24.5 (2.2) 23.8 (2.1) 24.2 (2.1) 24.3 (1.9) 24.7 (2.1) 25.2 (2.3)

% Body fat 17.6 (4.5) 18.8 (4.2) 18.2 (4.1) 17.8 (4.3) 17.3 (4.6) 16.1 (4.8)

Waist girth (cm)a 88.6 (6.5) 89.0 (6.5) 88.9 (6.7) 88.3 (6.2) 88.7 (6.3) 88.4 (6.6)

Bench press (kg) 72.3 (17.5) 57.6 (9.6) 64.7 (10.1) 68.5 (10.0) 75.1 (11.8) 91.3 (19.9)

Leg press (kg) 134.4 (24.6) 110.4 (16.9) 122.3 (14.6) 130.6 (14.7) 140.6 (16.1) 161.0 (23.7)

Treadmill time (min) 21.8 (4.2) 21.3 (4.2) 21.4 (4.3) 21.6 (4.1) 21.9 (4.2) 22.6 (3.9)

Current smoker 
(N) (%)

294 (12.2) 57 (13.7) 62 (13.6) 55 (11.1) 69 (13.6) 51 (9.6)

Data are means (s.d.) unless otherwise indicated.
EAF, excessive abdominal fatness; EBF, excessive body fatness.
*All P values for trend across strength quintiles were <0.001 except for waist girth (P = 0.56) and current smoker (P = 0.15).
an = 2,138.

Table 2  Prevalence of EBF and EAF across strength quintiles in 3,258 men

Strength quintiles No. No. of cases Prevalence (%)

Adjusted odds ratios  
(95% confidence interval)

Model 1a Model 2b

EBF (≥25%)

  Q1 (Lowest) 651 177 27.2 1.00 1.00

  Q2 653 115 17.6 0.53 (0.38–0.74) 0.55 (0.39–0.78)

  Q3 650 94 14.5 0.42 (0.30–0.60) 0.47 (0.32–0.68)

  Q4 653 81 12.4 0.30 (0.21–0.43) 0.33 (0.23–0.48)

  Q5 (highest) 651 53 8.1 0.13 (0.09–0.20) 0.19 (0.12–0.29)

  P value for trend <0.001 <0.001

EAFc (>102 cm)

  Q1 (lowest) 617 92 14.9 1.00 1.00

  Q2 619 62 10.0 0.69 (0.40–1.21) 0.75 (0.42–1.34)

  Q3 623 50 8.0 0.65 (0.36–1.16) 0.80 (0.43–1.47)

  Q4 621 54 8.7 0.51 (0.29–0.89) 0.54 (0.30–0.97)

  Q5 (highest) 614 55 9.0 0.23 (0.12–0.41) 0.32 (0.17–0.61)

  P value for trend <0.001 <0.01

EAF, excessive abdominal fatness; EBF, excessive body fatness.
aAdjusted for age and body weight. bAdjusted for age, body weight, current smoking, and treadmill time. cn = 3,094.
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Treadmill time showed an upward trend (P < 0.001) across the 
strength quintiles. The percentage of smokers varied in a non-
systematic manner from Q1 to Q5. Providing internal validity 
for the longitudinal study sample, the mean BMI, percent body 
fat, and waist girth values were lower than the cross-sectional 
study sample for all strength quintiles. The mean treadmill 
times were greater for the longitudinal study participants than 
the cross-sectional study participants for Q1 through Q5.

In Table  4, we provide associations between muscular 
strength, and the incidence of EBF and EAF. The incidence 
rate, adjusted for baseline age and body weight, of EBF 
dropped from a high of 60.9 per 1,000 man-years (Q1) to a low 
of 13.2 per 1,000 man-years (Q5). This strong inverse gradient 
(P < 0.001) of lower rates of incident EBF across incremental 
strength quintiles was supported by the Cox regression analy-
sis results. In Model 1, HRs were progressively lower across 

strength quintiles with HRs (Q2 through Q5) significantly 
lower than the referent group. In Model 2, the additional con-
trol variables had a small effect on the regression results with 
a strong inverse gradient (P < 0.001) between strength quin-
tile and EBF still present and HRs for Q2 through Q5 signifi-
cantly lower than the referent, Q1. In Model 2, age (P < 0.001), 
body weight (P < 0.001), and CRF (P < 0.001) were independ-
ently related to incident EBF with older, heavier, and less-fit 
participants having higher risks for developing an unhealthy 
level of percent body fat. The rate of incident EAF was incre-
mentally lower across strength quintiles from Q1 (20.8) to Q5 
(6.0). This inverse gradient was statistically significant (P < 
0.001) for both Models 1 and 2 in the regression analyses. The 
results for Models 1 and 2 were very similar. The HRs for each 
strength quintile (Q2 through Q5) systematically declined and 
were significantly lower than the referent, Q1. In Model 2, age 

Table 4  Incidence of EBF and EAF across strength quintiles in 2,405 men

Strength quintiles No. Person-years No. of cases Ratea

Adjusted hazard ratios  
(95% confidence interval)

Model 1b Model 2c

EBF (≥25%)

  Q1 (lowest) 415 2,805 139 60.9 1.00 1.00

  Q2 455 3,379 115 34.1 0.56 (0.44–0.72) 0.58 (0.45–0.75)

  Q3 496 3,535 113 31.0 0.51 (0.40–0.65) 0.59 (0.46–0.75)

  Q4 506 3,641 91 22.2 0.36 (0.28–0.48) 0.41 (0.31–0.53)

  Q5 (highest) 533 4,081 72 13.2 0.22 (0.16–0.29) 0.26 (0.19–0.35)

  P value for trend <0.001 <0.001

EAFd (>102 cm)

  Q1 (lowest) 364 2,879 39 20.8 1.00 1.00

  Q2 410 3,348 39 12.1 0.58 (0.37–0.91) 0.58 (0.37–0.90)

  Q3 445 3,601 34 10.1 0.48 (0.30–0.77) 0.53 (0.33–0.84)

  Q4 453 3,545 36 8.6 0.41 (0.26–0.66) 0.42 (0.26–0.67)

  Q5 (highest) 466 3,650 41 6.0 0.29 (0.18–0.46) 0.31 (0.19–0.49)

  P value for trend <0.001 <0.001

EAF, excessive abdominal fatness; EBF, excessive body fatness.
aPer 1,000 man-years adjusted for age and body weight. bAdjusted for age and body weight. cAdjusted for age, body weight, current smoking, and treadmill time.  
dn = 2,138.

Figure 1  Incidence rates (per 1,000 person-years adjusted for body weight) for EBF and EAF (n = 2,138) across strength quintiles and age-groups 
in 2,405 men—the longitudinal study. EAF, excessive abdominal fatness; EBF, excessive body fatness.
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(P < 0.01), body weight (P < 0.001), and CRF (P < 0.001) were 
independently related to incident EAF with older, heavier, and 
less-fit participants demonstrating higher risks for developing 
an elevated waist girth.

We divided the sample into three age-groups: 20–39, 40–49, 
and 50–79 years. We also established three CRF groups, low, 
middle, and high, based on tertiles of performance on the 
treadmill test. In Figures 1 and 2, we present the incidence 
rates of EBF and EAF across the strength quintiles within 
age-groups and CRF tertiles. The inverse gradients for the 
incidence of EBF and EAF across the strength quintiles were 
generally consistent for each of the three age-groups and three 
tertiles of CRF.

We examined absolute body weight changes (the cross-
sectional study, n = 3,258 and the longitudinal study, n = 2,405) 
with a 5 (strength quintile) by 2 (time, baseline/follow-up 
examination) analysis of covariance with repeated measures, 
which indicated significant strength quintile differences (P < 
0.001) and a significant change in body weight across time (P < 
0.001). There was no significant interaction (P = 0.53). Similar 
results were found with the longitudinal study. Thus, a consist-
ent body weight increase of ~2 kg within each strength quintile 
was observed for both the cross-sectional study and the longi-
tudinal study samples.

Discussion
The key finding of our study is that muscular strength is 
inversely associated with two measures of adiposity, EBF and 
EAF. This is illustrated in both the cross-sectional and lon-
gitudinal analyses. In our two-phase study, we report strong 
inverse gradients across muscular strength quintiles for preva-
lence and incidence of EBF and EAF. These results were present 
after controlling for CRF. In the longitudinal study, the inverse 
gradient across muscular strength quintiles was consistent 
across age-groups and CRF tertiles for EBF and EAF. There was 
a small but significant incrementally greater weight of ~2 kg 
within each strength quintile.

Previous work with the ACLS dataset has shown muscu-
lar strength is associated with all-cause mortality (12,34) and 
metabolic syndrome (10,11). Previous reports with the ACLS 
confirmed the inverse relations of muscular strength with the 
prevalence and incidence of the constellation of risk factors 

defining metabolic syndrome (10,11). We here indicate the 
inverse relation with two indices of obesity, one of the meta-
bolic syndrome risk factors. Similarly, other longitudinal 
studies with 13–20+ years of follow-up have shown rela-
tions between musculoskeletal fitness and mortality (9) and 
unhealthful weight changes (14). Park et al. (35) report that a 
combination of aerobic and resistance training across 24 weeks 
of training reduces abdominal fat. Schmitz et al. (36) report 
that strength training for a 2-year period can prevent body 
fatness increase and positively impact intra-abdominal fat in 
obese and overweight premenopausal women while control-
ling for accelerometer-assessed physical activity. In the present 
study, we illustrate that muscular strength is associated with 
another significant health indicator, body fatness when con-
trolling for an important confounder, CRF. Specifically, once 
controlling for CRF and other confounders, higher levels of 
muscular strength were associated with lower levels of body 
fatness.

As a function of the construction of our strength index, body 
weight was similar across strength quintiles; however, muscu-
lar strength demonstrated an inverse association with both 
the prevalence and incidence of EBF and EAF. Within each 
strength quintile, there was a similar absolute body weight 
(2 kg) increase across an average of 8.3 years of follow-up. 
These results are consistent with past experimental research 
examining the relations between resistance training, and body 
composition and body weight changes. Resistance training 
generally has produced healthful changes in body composi-
tion but small (<1 kg) or no significant changes in body weight 
(37,38). Resistance training increases the lean body mass that 
would decrease the percent body fat without reducing overall 
fat mass or absolute body weight.

What mechanisms might explain the protection muscular 
strength demonstrated in lowering the prevalence and inci-
dence of EBF and EAF? In a recent study, Izumiya et al. (39) 
used genetic intervention to produce muscular hypertrophy 
in fast type II glycolytic muscle fibers of mice that were fed 
high-fat/high-sugar diets to produce obesity. In the interven-
tion animals, the muscular hypertrophy was associated with 
reductions in body weight, fat mass, plasma glucose, insulin, 
and leptin. Increases in muscle glucose uptake and glycolysis 
as well as fat uptake and oxidation in the heart and liver were 

Figure 2  Incidence rates (per 1,000 person-years adjusted for age and body weight) for EBF and EAF (n = 2,138) across strength quintiles and CRF 
tertiles in 2,405 men—the longitudinal study. CRF, cardiorespiratory fitness; EAF, excessive abdominal fatness; EBF, excessive body fatness.
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also observed. Further, when the muscular hypertrophy was 
experimentally blocked, the positive effects were completely 
abolished. Izumiya et al. (39), and Harrison and Leinwand (15) 
in a commentary on the study concluded that interventions to 
produce muscular hypertrophy in fast type II glycolytic mus-
cle fibers may prove to be critical weapons in the fight against 
obesity and obesity-related comorbidities. In our study, indi-
viduals in the higher strength quintiles were able to generate 
more force, which was presumably due to larger more forceful 
type II muscle fibers. Thus, our findings on the fitness attribute 
of muscular strength in humans being protective against the 
prevalence and incidence of EBF and EAF are in logical agree-
ment with mechanisms explained by Izumiya et al. (39). This 
observation is also supported by the findings of Jurca et al. (11) 
who documented that stronger participants in the ACLS also 
reported significantly higher levels of participation in resist-
ance training activity.

The present findings, combined with recent muscular 
strength recommendations (38,40) suggest that resistance 
training could serve as an important component of one’s total 
fitness regime. As has been recommended (40), resistance 
and aerobic training combined may have a positive effect on 
health and specifically on body composition characteristics 
because of the influence on caloric balance. Importantly, it 
can be expected that increased muscular fitness will not neces-
sarily be associated with a decrease in total body weight but 
a more healthful body composition. Recently released public 
health guidelines for physical activity (8) indicate that muscu-
lar strengthening activities should be conducted 2+ days per 
week as part of a total physical activity program.

A major strength of our study is that it comprised a large 
sample of adult men from a well-characterized cohort where we 
have laboratory measurements of muscular strength, CRF, and 
other important clinical and lifestyle factors. The main finding is 
that higher levels of muscular strength are associated with lower 
prevalence and incidence of EBF and EAF, and these associa-
tions remained after controlling for CRF and other important 
confounders. Because muscular strength is the primary fitness 
result of resistance training, this study provides important epi-
demiologic evidence that supports the current public health 
recommendations for resistance exercise (40). Specifically, our 
data indicate that the current guidelines for resistance train-
ing, which would increase or maintain muscular strength, may 
also contribute to weight control. Limitations are that partici-
pants were men, predominantly white, well educated, and from 
middle-to-upper socioeconomic strata. However, examination 
of the ACLS measures on health parameters (e.g., blood glucose, 
blood pressure, and cholesterol) indicates the sample is consist-
ent with the general US population (16,17). Future research on 
resistance training or muscular fitness should focus on women 
and additional population subgroups (e.g., ethnicity, race, and 
socioeconomic status) in the context of unhealthy weight gain, 
fat distribution, and energy balance. Dietary intake and physi-
cal activity including resistance training should be considered 
or controlled. Randomized trials that control energy intake, 
and compare volume and types of physical activities, including 

aerobic, resistance, and combination programs, should be 
conducted to determine their individual and interactive effects 
on weight control and energy balance. It is important that these 
studies be of sufficient duration to ascertain long-term training 
and dietary effects on changes in body habitus (38).

Acknowledgments
This study was supported in part by US Public Health Service research 
grants from the National Institute on Aging (AG06945), National Institute 
of Arthritis and Musculoskeletal and Skin Diseases (AR39715), and an 
unrestricted research grant from The Coca-Cola Company. We thank 
the physicians and technicians of the Cooper Clinic, Kenneth H. Cooper, 
M.D., for initiating the Aerobics Center Longitudinal Study, the information 
technology and data entry staff of The Cooper Institute, Neil Gordon, M.D., 
Ph.D., Principal Investigator, and Patricia Brill, Project Coordinator, of the 
AR39715 project, for their contributions to that part of the study.

Disclosure 
The authors declared no conflict of interest.

© 2009 The Obesity Society

REFERENCES
1.	 Centers for Disease Control and Prevention (CDC). State-specific prevalence 

of obesity among adults—United States, 2005. MMWR Morb Mortal Wkly 
Rep 2006;55:985–988.

2.	 Farrell SW, Cortese GM, LaMonte MJ, Blair SN. Cardiorespiratory fitness, 
different measures of adiposity, and cancer mortality in men. Obesity 
(Silver Spring) 2007;15:3140–3149.

3.	 McDowell MA, Hughes JP, Borrud LG. Health characteristics of U.S. adults 
by body mass index category: results from NHANES 1999-2002. Public 
Health Rep 2006;121:67–73.

4.	 Saris WH, Blair SN, van Baak MA et al. How much physical activity is 
enough to prevent unhealthy weight gain? Outcome of the IASO 1st Stock 
Conference and consensus statement. Obes Rev 2003;4:101–114.

5.	 Sui X, LaMonte MJ, Laditka JN et al. Cardiorespiratory fitness and adiposity 
as mortality predictors in older adults. JAMA 2007;298:2507–2516.

6.	 Di Pietro L, Dziura J, Blair SN. Estimated change in physical activity 
level (PAL) and prediction of 5-year weight change in men: the Aerobics 
Center Longitudinal Study. Int J Obes Relat Metab Disord 2004;28: 
1541–1547.

7.	 DiPietro L, Kohl HW 3rd, Barlow CE, Blair SN. Improvements in 
cardiorespiratory fitness attenuate age-related weight gain in healthy men 
and women: the Aerobics Center Longitudinal Study. Int J Obes Relat Metab 
Disord 1998;22:55–62.

8.	 U.S. Department of Health and Human Services. 2008 Physical Activity 
Guidelines for Americans. U.S. Department of Health and Human Services: 
Washington, DC, 2008.

9.	 Katzmarzyk PT, Craig CL. Musculoskeletal fitness and risk of mortality. Med 
Sci Sports Exerc 2002;34:740–744.

10.	 Jurca R, Lamonte MJ, Barlow CE et al. Association of muscular strength 
with incidence of metabolic syndrome in men. Med Sci Sports Exerc 
2005;37:1849–1855.

11.	 Jurca R, Lamonte MJ, Church TS et al. Associations of muscle strength 
and fitness with metabolic syndrome in men. Med Sci Sports Exerc 
2004;36:1301–1307.

12.	 FitzGerald SJ, Barlow CE, Kampert J et al. Muscular fitness and all-cause 
mortality: prospective observations. J Phys Act Health 2004;1:7–18.

13.	 Jackson A, Watkins M, Patton RW. A factor analysis of twelve selected 
maximal isotonic strength performances on the universal gym. Med Sci 
Sports Exerc 1980;12:274–277.

14.	 Mason C, Brien SE, Craig CL, Gauvin L, Katzmarzyk PT. Musculoskeletal 
fitness and weight gain in Canada. Med Sci Sports Exerc 2007;39:38–43.

15.	 Harrison BC, Leinwand LA. Fighting fat with muscle: bulking up to slim 
down. Cell Metab 2008;7:97–98.

16.	 Blair SN, Kohl HW 3rd, Paffenbarger RS Jr et al. Physical fitness and all-
cause mortality. A prospective study of healthy men and women. JAMA 
1989;262:2395–2401.

17.	 Blair SN, Kampert JB, Kohl HW 3rd et al. Influences of cardiorespiratory 
fitness and other precursors on cardiovascular disease and all-cause 
mortality in men and women. JAMA 1996;276:205–210.



obesity | VOLUME 18 NUMBER 10 | october 2010� 1995

articles
Epidemiology

18.	 Blair SN. Physical inactivity and cardiovascular disease risk in women. 
Med Sci Sports Exerc 1996;28:9–10.

19.	 Kampert JB, Blair SN, Barlow CE, Kohl HW 3rd. Physical activity, physical 
fitness, and all-cause and cancer mortality: a prospective study of men 
and women. Ann Epidemiol 1996;6:452–457.

20.	 Blair SN, Shaten J, Brownell K, Collins G, Lissner L. Body weight change, 
all-cause mortality, and cause-specific mortality in the Multiple Risk Factor 
Intervention Trial. Ann Intern Med 1993;119:749–757.

21.	 Church TS, Cheng YJ, Earnest CP et al. Exercise capacity and body 
composition as predictors of mortality among men with diabetes. 
Diabetes Care 2004;27:83–88.

22.	 Farrell SW, Braun L, Barlow CE, Cheng YJ, Blair SN. The relation of body 
mass index, cardiorespiratory fitness, and all-cause mortality in women. 
Obes Res 2002;10:417–423.

23.	 Lee CD, Blair SN, Jackson AS. Cardiorespiratory fitness, body composition, 
and all-cause and cardiovascular disease mortality in men. Am J Clin Nutr 
1999;69:373–380.

24.	 Shuger SL, Sui X, Church TS, Meriwether RA, Blair SN. Body mass 
index as a predictor of hypertension incidence among initially healthy 
normotensive women. Am J Hypertens 2008;21:613–619.

25.	 National Institutes of Health. Clinical Guidelines on the Identification, 
Evaluation, and Treatment of Overweight and Obesity in Adults: The 
Evidence Report. NIH: Washington, DC, 1998.

26.	 Jackson AS, Pollock ML. Generalized equations for predicting body density 
of men. Br J Nutr 1978;40:497–504.

27.	 Jackson AS, Pollock ML, Ward A. Generalized equations for predicting body 
density of women. Med Sci Sports Exerc 1980;12:175–181.

28.	 DiPietro L, Seeman TE, Stachenfeld NS, Katz LD, Nadel ER. Moderate-
intensity aerobic training improves glucose tolerance in aging independent 
of abdominal adiposity. J Am Geriatr Soc 1998;46:875–879.

29.	 Van Wye G, Dubin JA, Blair SN, Di Pietro L. Weight cycling and 6-year 
weight change in healthy adults: The Aerobics Center Longitudinal Study. 
Obesity (Silver Spring) 2007;15:731–739.

30.	 Van Wye G, Dubin JA, Blair SN, Dipietro L. Adult obesity does not predict 
6-year weight gain in men: the Aerobics Center Longitudinal Study. Obesity 
(Silver Spring) 2007;15:1571–1577.

31.	 Wier LT, Jackson AS, Ayers GW, Arenare B. Nonexercise models for 
estimating VO2max with waist girth, percent fat, or BMI. Med Sci Sports 
Exerc 2006;38:555–561.

32.	 Balke B, Ware RW. An experimental study of physical fitness of Air Force 
personnel. U S Armed Forces Med J 1959;10:675–688.

33.	 Pollock ML, Bohannon RL, Cooper KH et al. A comparative analysis 
of four protocols for maximal treadmill stress testing. Am Heart J 
1976;92:39–46.

34.	 Ruiz JR, Sui X, Lobelo F et al. Association between muscular strength and 
mortality in men: prospective cohort study. BMJ 2008;337:a439.

35.	 Park SK, Park JH, Kwon YC et al. The effect of combined aerobic and 
resistance exercise training on abdominal fat in obese middle-aged women. 
J Physiol Anthropol Appl Human Sci 2003;22:129–135.

36.	 Schmitz KH, Hannan PJ, Stovitz SD et al. Strength training and adiposity in 
premenopausal women: strong, healthy, and empowered study. Am J Clin 
Nutr 2007;86:566–572.

37.	 Donnelly JE, Jakicic JM, Pronk NP et al. Is resistance exercise effective for 
weight management? Evid Based Prev Med 2004;1:21–29.

38.	 Physical Activity Guidelines Advisory Committee. Physical Activity Guidelines 
Advisory Committee Report, 2008. U.S. Department of Health and Human 
Services: Washington, DC, 2008.

39.	 Izumiya Y, Hopkins T, Morris C et al. Fast/Glycolytic muscle fiber growth 
reduces fat mass and improves metabolic parameters in obese mice. 
Cell Metab 2008;7:159–172.

40.	 Williams MA, Haskell WL, Ades PA et al.; American Heart Association 
Council on Clinical Cardiology. Resistance exercise in individuals with 
and without cardiovascular disease: 2007 update: a scientific statement 
from the American Heart Association Council on Clinical Cardiology 
and Council on Nutrition, Physical Activity, and Metabolism. Circulation 
2007;116:572–584.


	Muscular Strength Is Inversely Related to Prevalence and Incidence of Obesity in Adult Men
	Abstract
	Introduction
	Methods and Procedures
	Participants
	Design
	Primary variables
	Statistical analyses

	Results
	The cross-sectional study
	The longitudinal study

	Discussion
	Acknowledgments
	Disclosure 
	REFERENCES


