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Abstract

Objectives—The objective of this study was to examine the association between resistance
exercise and cardiovascular disease (CVD) risk, independent of body composition, physical
activity and aerobic capacity, in healthy women.

Design—A cross-sectional analysis including 7321 women with no history of heart disease,
hypertension or diabetes was performed.

Methods—~Participation in resistance exercise was self-reported and body weight and height was
measured. A single CVD risk score was established via factor analysis including percent body fat,
mean arterial pressure, fasting glucose, total cholesterol and triglyceride levels. Physical activity
level was determined based on questionnaire data and aerobic capacity was assessed via a
maximal treadmill exercise test.

Results—Women reporting resistance exercise had lower total CVD risk at any age.
Specifically, resistance exercise was associated with lower body fat, fasting glucose and total
cholesterol. The association between resistance exercise and CVD risk, however, remained only in
normal weight women after adjusting for physical activity and aerobic capacity.
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Conclusion—Results of the present study underline the importance of resistance exercise as part
of a healthy and active lifestyle in women across all ages. Our results suggest that resistance
exercise may be particularly beneficial to independently improve CVD risk profiles in women
with normal weight. In overweight/obese women, total physical activity and aerobic capacity may
have a stronger association with CVD risk.
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Introduction

Methods

Cardiovascular disease (CVD) is the leading cause of death in the United States with higher
CVD mortality in women compared to men.1:2 Regular physical activity (PA) has been
shown to reduce CVD risk.3 Due to the reduction of PA during activities of daily living over
the past several decades,* exercise becomes an increasingly important component in
achieving a sufficient amount of PA.

The benefits of aerobic exercise, consisting of continuous activation of large muscle groups,
on CVD risk have been well documented.® Resistance exercise (RE) consists of repeated
bouts of isolated muscle groups and, therefore, exerts different physiologic effects and
health benefits than aerobic exercise. Previous research has shown positive effects of RE
regarding musculoskeletal function and weight management.57 An increase in muscle mass
in response to RE, however, potentially affects various CVD risk factors as skeletal muscle
is a major tissue regarding glucose and triglyceride metabolism.8 For example, RE has been
associated with a 23% risk reduction for coronary heart disease in men and improved
endothelial function in men and women.%19 Furthermore, muscular strength, which is
directly related to muscle mass, has been associated with a reduction in the incidence of
metabolic syndrome in men,! as well as numerous other benefits on CVD risk factors and
CVD prognosis.12 Clinical and randomized controlled trials showed beneficial effects of RE
on blood pressure but results on the effects of RE on blood lipid and glucose levels have
been equivocal. 5813

Previous research, however, focused predominantly on at risk populations such as
overweight or obese, individuals with metabolic syndrome and impaired glucose
metabolism, or elderly. Further, most research considered specific risk factors separately
rather than examining the association of RE and a composite CVD risk score. As currently
less than 20% of U.S. women engage in regular RE,1* more information on potential
benefits of RE, beyond the well-established positive effects on the muscular-skeletal system,
is needed. The purpose of the present study was to examine the association between overall
CVD risk, as well as specific CVD risk factors, and RE independent of aerobic capacity or
cardiorespiratory fitness (CRF) and PA in healthy women.

This cross-sectional analysis was done in a population of 7321 women from the Aerobics
Center Longitudinal Study (ACLS) who had an examination between 1987 and 2007. The
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procedures used in the ACLS have been well-described previously.1® Participants included
in the study were between 20 and 90 years of age and with no history of heart disease,
hypertension or diabetes. Participants provided written informed consent prior to data
collection and the study was approved by the Cooper Institute Institutional Review Board.

Participants self-reported their participation in RE, including exercises using weight
machines and free weights as well as calisthenics and other forms strength exercises.
Specifically, women reported the frequency (times per week) and duration (min/session) of
their current RE routine, which was used to calculate weekly engagement in RE.

Percent body fat (BF), mean arterial pressure (MAP), triglyceride, total cholesterol and
fasting glucose levels were used as indicators for CVD risk with measurements taken after
an overnight fast. BF was estimated by hydrostatic weighing in 30.7% of the participants.
When hydrostatic weight measures were not available, 7-site skinfold measurements were
used. Previous research showed a high correlation (r=0.94) between these two methods and
no significant difference in the estimation of BF by hydrostatic weighing and 7-site skinfold
equations.16:17 Resting blood pressure (mmHg) was measured according to standard
procedures using a mercury sphygmomanometer and MAP was calculated [MAP = (2*
diastolic BP + systolic BP)/3]. Fasting triglyceride (mg/dL), total cholesterol (mg/dL) and
glucose (mg/dL) levels were determined by automated techniques performed in the Cooper
Clinic laboratory, which meets quality control standards of the Centers of Disease Control
and Prevention Lipid Standardization Program.

Height and body weight were measured according to standard procedures by trained
technicians. Body mass index (BMI) was calculated (kg/m?) and used to differentiate
between normal weight (BMI < 25) and overweight/obese women (BMI = 25).

A PA index (PAI) was established based on a series of questions, which have been validated
previously.18:19 Specifically, participants reported their engagement in regular leisure PA
during the past 3 months, including information on type, frequency, duration, and distance
or time spent in the respective activity. PAl was subsequently determined as follows: high,
those who walked or jogged more than 20 miles per week (PAI=4); moderate, those who
walked or jogged between 10 and 20 miles per week (PAI=3); low, those who walked or
jogged up to 10 miles per week (PAI=2); other, those who participated in some other regular
physical activity such as bicycling, swimming, racquet sports, and other strenuous sports,
but not walking or jogging (PAI=1); no regular activity (PAI=0). Walking and jogging were
chosen as the basis for the PAI because it was the most common activity for this population.

CRF was determined via a maximal exercise test using a modified Balke protocol.
Participants started with a walking pace of 88 m/min at 0% incline. After 1 minute the
incline was increased to 2%, with an increase in 1% each subsequent minute until the 25t
minute. If participants did not reach exhaustion at this point, the speed was increased by 5.4
m/min each minute while incline remained constant. Participants continued until volitional
fatigue was reached with their peak performance reported as multiples of resting metabolic
equivalent (MET).
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Principal component factor analysis (PCA) was used to determine overall CVD risk, which
explains more variance than a composite score based on the summation of measured
variables. The CVD risk factor explained 39.46% of the total variance (Eigenvalue = 1.973).
Specifically, factor loadings were 0.709 for triglycerides, 0.671 for total cholesterol, 0.456
for fasting glucose, 0.589 for MAP and 0.682 for BF.

Self-reported RE was initially categorized into 3 groups (none vs. 1-60 min/week vs. = 60
min/week). As there were no differences in CVD risk between women reporting equal or
more than 60 min/week of RE to those reporting less than 60 min/week of RE, subsequent
analyses differentiated only between women reporting current engagement in RE and
women not reporting any current RE.

Differences in total CVD risk and individual CVD risk components between these two
groups were examined via ANCOVA in the total sample, initially adjusting for age and
BMI. In a second analysis PA and CRF were included as additional covariates due to their
well-established association with CVD risk. Further, the interaction between age and RE as
well as body weight and RE was examined via 2-way ANCOVA. Cutpoints of 45 years and
55 years were used to stratify women by age and a BMI of 25 was used to differentiate
between normal weight and overweight/obese. Bonferroni adjustment was used for the
examination of main effects by age. In addition, each age and weight group was analyzed
separately using the same analytical approach as for the total sample. All statistical analyses
were carried out with SPSS® 21.0 (SPSS Inc., Chicago, IL, USA) using a significance level
of a =0.05.

Thirty-seven percent of the participating women reported current engagement in some type
of RE, including calisthenics, free weights and weight machines, as well as other forms of
RE. Descriptive characteristics of the study population are shown in table 1. In the total
sample, 29.1% of the women were classified as overweight or obese, with a higher
prevalence of overweight/obesity in women not reporting RE (34.5% vs. 20.0%); PA and
CRF were higher in women reporting engagement in RE, even after adjusting for age and
BMI (Fpa(1, 7317)=243.97, p<.001; Fritness(1, 7317)=778.30, p<.001).

Using age and BMI as covariates, RE was associated with a significantly lower overall CVD
risk (F(1,7317)=74.67, p<.001). Specifically, lower levels of fasting glucose (F(1,
7317)=7.32, p=.007), total cholesterol (F(1, 7317)=34.89, p<.001) and BF (F(Z,
7317)=231.32, p<.001) were observed in women reporting RE. No group difference was
observed for MAP (F(1, 7317)=0.83, p=.363) and triglycerides (F(1, 7317)=3.34, p=.068).
These results remained after additionally controlling for PA and CRF.

There was no significant interaction effect on total CVD risk between RE engagement and
age, adjusting for BMI (F(2, 7314)=1.05, p=.350). Main effects for total CVD risk were
significant for age (F(2, 7314)=701.36, p<.001) and RE (F(1, 7314)=76.72, p<.001). CVD
risk increased with age, but was consistently lower with engagement in RE. Regarding
different components contributing to CVD risk, significant interaction effects occurred for
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triglycerides (F(2, 7314)=4.25, p=.014) and BF (F(2, 7314)=9.89, p<.001), with the
difference in BF between exercise groups being more pronounced in younger women, while
the association between triglyceride levels and RE became more pronounced with increasing
age. Significant main effects for age occurred for all individual risk factors (F(2, 7314)
>55.91, p<.001), with increasing values with higher age. Main effects for RE were
significantly lower fasting glucose (F(1, 7314)=10.47, p=.001), triglycerides (F(Z,
7314)=8.38, p=.004), total cholesterol (F(1, 7314)=43.16, p<.001) and BF (F(Z,
7314)=155.81, p<.001). Additionally adjusting for CRF and PA did not affect these results,
except for fasting glucose, which was no longer significantly different across age groups.

No interaction effect for weight category and RE was observed for total CVD risk, adjusting
for age (F(1, 7316)=.067, p=.796) but significant main effects were observed for weight
(F(1, 7315)=2150.69, p<.001) and RE (F(1, 7315)=74.08, p<.001). There was a significant
interaction effect for BF (F(1, 7315)=11.01, p=.001), with a larger effect of RE in normal
weight subjects. Significant main effects for weight were observed in all individual CVD
risk components (F(1, 7316)=137.33, p<.001), with higher values in overweight/obese
women. Additionally, controlling for CRF and PA did not affect these results.

Adjusting for BMI and age, a significant difference across RE groups was observed for total
CVD risk in each age group (F2p-44(1, 3462)=36.45, p<.001; F45_55(1, 2606)=22.98, p<.
001; Fs56(1, 1241)=19.66, p<.001). Specifically, total cholesterol and BF were lower with
RE in every age group (Fyc 2 6.51, p <.011; Fgg = 18.72, p<.001) (Table 2). In older
women (= 56 years), triglyceride levels also differed significantly (F(1, 1241)=4.70, p=.
030). After additionally adjusting for PA and CRF, total CVD risk and BF remained
significantly lower with RE in all age groups.

Total CVD risk was significantly lower with RE in both normal weight and overweight/
obese women (Fyw(l, 5185)=69.63, p<.001; Fow/os(l, 2128)=6.95, p=.008). Total
cholesterol and BF were significantly lower with RE in both weight groups (Ftc =5.43, p
<.020; Fgg = 18.98, p<.001) (Table 3). In normal weight subjects, RE was further
associated with lower fasting glucose levels (F(1, 5185)=5.95, p=.015). After additionally
adjusting for CRF and PA, significant differences between exercise groups remained only in
normal weight women.

Discussion

Results of the present study suggest that RE is associated with CVD risk, independent of
leisure-time PA and CRF. Specifically, RE was associated with a lower BF, as well as lower
levels of cholesterol, triglycerides and blood glucose. As expected, CVD risk was higher in
older women, however, there were differences in BF and total cholesterol between those that
performed RE and those that did not, across all age groups. Women aged 56 years and older
also displayed lower triglyceride levels with RE, underlining the potential benefits of this
type of exercise in older women. The present study further suggested benefits of RE across
different weight categories. The association between RE and CVD risk, however, seems to
be stronger in normal weight women, while CRF and PAI may be of greater importance
regarding CVD risk in overweight/obese women.
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Despite growing evidence on the positive effects of RE on chronic disease risk and well-
being,20-21 aerobic exercise continues to be the primary focus of exercise prescription.t A
loss of muscle mass and quality of skeletal muscle, however, has been identified as a key
factor contributing to an increased CVD risk, particularly in elderly.22 A reduction in PA
levels with increasing age contributes to the loss of skeletal muscle mass, and it has been
shown that skeletal muscle maintains plasticity and capacity for hypertrophy into older ages
given appropriate stimuli.29 More attention, therefore, should be paid to the potential
benefits of RE regarding CVD risk. Consistent with results of the present study, positive
effects of RE on body composition, visceral adipose tissue, glucose and triglyceride levels
have been shown in training studies; results on the effects of RE on cholesterol levels, on the
other hand, were inconsistent.13:22 The lack of conclusive evidence on the association
between RE and lipid levels has been attributed to the generally healthy cholesterol levels
prior to exercise interventions.8 Further, a longer duration of engagement in RE may be
necessary in order to observe significant changes in cholesterol levels. Previous research
relied predominantly on intervention studies lasting between 1 and 12 months following
general guidelines for RE with 2 to 3 training sessions per week.13 Prior engagement in RE
in the population of this study was on average 37 months (results not shown), which may
have resulted in more pronounced effects.

In contrast to previous studies,13:22:23 the present results did not show an association
between RE and blood pressure. The lack of significant differences in MAP between
exercise groups may have been due to a broader definition of RE, including calisthenics,
compared to training studies as differences in RE protocols may affect the cardiovascular
system differently.® Particularly isometric RE has been shown to reduce blood pressure in
hypertensive and normotensive adults 1323 and, thus, has been suggested as non-
pharmacological treatment to lower blood pressure.24 The exact mechanisms of RE
explaining the positive effects on blood pressure, however, remain to be determined. Recent
research suggests an increase in resistance vessel endothelial function and antioxidant
concentrations, but these studies did not have sufficient power to assess possible mechanistic
pathways.23

There is also some evidence on a positive effect of RE on CRF,3 which has been accepted
as important protective aspect in CVD risk reduction.?® The impact of RE on CRF, however,
may be limited to participants with low initial CRF and has not been consistently
demonstrated.2> Nevertheless, this may partially explain the lack of significant results
regarding the association between CVD risk factors and RE after controlling for CRF in
overweight/obese participants in the present study. It is possible that RE had a more
pronounced effect on CRF in overweight/obese women due to their lower CRF. It has also
been argued that the implementation of RE may be necessary prior to the start of an aerobic
exercise program in obese adults in order to induce positive changes in body composition,
which would subsequently facilitate participation in continuous exercise.28 Participation in
RE is considered to be safe and Stensvold et al. did not report any problems with RE in
adults with metabolic syndrome.® Additionally, RE may help with motivation and adherence
to an exercise program as improvements in muscular strength occur generally faster than
changes in CRF in response to aerobic exercise.2” In order to reduce CVD risk, a higher
threshold for improvement in muscle quality or muscular strength, however, may be
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needed.26 Nevertheless, a home-based RE program has been shown to elicit favorable
changes in markers of cardiovascular and metabolic diseases in an elderly population.2®

Valid information on exercise intensity was not available in the present study. The variety of
exercise types being considered as RE, however, may strengthen the results, as exercises
such as calisthenics were considered as resistance training. This may also explain the higher
prevalence of resistance exercisers in the study population compared to the US population.14
Another concern was the lack of dietary information. Study participants reporting RE may
have an overall healthier lifestyle and consume a healthier diet, which could affect their
CVD risk. The homogeneity of the sample, consisting of primarily Caucasian women with a
middle-to-high socio-economic background may mitigate dietary effects, but it does limit
the generalizability of the results. Further, the cross-sectional design of the study does not
allow establishing causality but findings of the present study utilizing a large cohort with a
wide age range are generally consistent with previous training studies.®2° The inclusion of
PA level and CRF as confounding variables, along with various physiologic measures
contributing to CVD risk and the utilization of a combined CVD risk score further support
the claim for an independent association between RE and CVD risk in generally healthy
women.

Conclusion

Most likely, a combination of aerobic and RE will provide the largest health benefits. The
inverse association between engagement in RE and overall CVD risk, independent of total
PA and CRF indicates that benefits of regular RE go beyond the well-established effects on
muscular strength, bone mineral density and functional capacity. Such information may help
with the promotion of regular RE, which has been identified as a national health
perspective.39 More research, however, is needed to clarify the dose-response relationship
between RE and various health related outcomes, including CVD risk, in order to refine
current exercise and PA recommendations.
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Descriptive characteristics of the sample. Values are Mean+SD.
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No Resist Ex Resist Ex < 60 min/ Resist Ex = 60 min/ Total Sample (N=7321)
(N=4596) week (N=599) week (N=2126)

Age (yrs) * 46.1£103 445+98 443101 455+10.2
Height (cm) 164.5+6.3 164.8 £ 6.0 164.9 £6.2 164.7 £6.2
Weight (kg) * 66.1+12.9 62.3+10.7 62.3+10.4 64.7+£12.2
BMI (kg/m?) * 244+ 4.6 22937 22935 23843

Percent body fat (%) * 28.0+6.6 24765 24367 26.6+6.9

Mean arterial pressure (mmHg) * 89.5+10.6 88.1+9.6 88.2+10.0 89.0+10.4
Triglycerides (mg/dL) * 101.8 + 66.6 92.3+80.7 89.4 £50.0 97.4 £63.9
Fasting glucose (mg/dL) * 94.0 £14.9 92.3+12.2 91.8 +10.6 93.22+13.6
Total cholesterol (mg/dL) * 202.4+39.0 194.6+35.8 192.7+£35.0 199.0+37.9
Aerobic capacity (METS) * 9.33+1.93 10.76 + 2.05 10.89 +2.08 9.90+212

*

sig. difference between no resistance exercise and both resistance exercise groups (p<0.01)
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