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Abstract
As an ancillary report to a large National Institutes of Health (NIH)–funded trial, we examined the
effects of 6 months of exercise training at 50%, 100%, and 150% of the NIH Consensus
Recommendations for physical activity (i.e., 4, 8, and 12 kcal/kg of energy expenditure/wk
[KKW]) versus a nonexercise control group on the metabolic syndrome (MS) in sedentary,
overweight, moderately hypertensive, postmenopausal women. We examined the clinically
defined National Cholesterol Education Program MS, individual components scores, and summed
z-scores, expressed as a continuous variable (zMS), using chi-square and general linear models to
assess the clinical and progressive nature of MS, respectively. Our results showed significant
improvements in zMS for all exercise groups and MS for the 8- and 12 KKW groups only (all, p
for trend = 0.02). Post hoc analyses showed that 12 KKW for zMS and 8 and 12 KKW for MS
was significant versus the control group (all, p <0.05). When examining the composite scores, we
observed significant trends for improvement in waist circumference (p for trend = 0.001), fasting
glucose (p for trend = 0.01), and systolic blood pressure (p for trend = 0.02), which appeared to be
dose dependent, given the additive nature for incorporating the within-group improvements in
waist circumference (4, 8, and 12 KKW), fasting glucose (8 and 12 KKW), and systolic blood
pressure (12 KKW). Our results suggest that low-to-moderate intensity cardiorespiratory exercise
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appears to improve components of the MS in postmenopausal women at levels at or greater than
NIH recommendations and that zMS improves at half the NIH recommendations. Greater levels of
energy expenditure appear to enhance this effect by incorporating a greater number of requisite
MS composite scores.

The metabolic syndrome (MS) is a combination of risk factors composed of abdominal
obesity, insulin resistance, hypertension, and lipid abnormalities and represents the erosion
of the individual component parts associated with its diagnosis.1 We hypothesized that given
the categorical nature of the MS, a full appreciation for improvement might not be
adequately portrayed by simply measuring the MS cutpoints. We have recently published
results from this hypothesis in a cross-sectional analysis from the Aerobics Center
Longitudinal Study.2 We based this hypothesis on the observation that MS is constructed by
the presence or absence of a component score composed of defined cutpoints. It is also
unclear which components drive the MS or, when applicable, reduce its prevalence after
exercise training. Thus, the categorical nature of the MS assessment might not fully explain
the benefits of an exercise intervention, given the nature of the assessment as a failure to
meet a particular component's cutpoint, despite marked improvement, would still qualify a
patient for the MS. In a recent randomized controlled trial, we demonstrated that
cardiorespiratory exercise administered at 50%, 100%, and 150% of the National Institutes
of Health (NIH) Consensus Panel physical activity recommendation increases maximum
cardiorespiratory fitness in a dose-wise fashion.3 We present here an analysis of the effects
of moderate intensity exercise training on the MS in sedentary, overweight or obese,
postmenopausal women with elevated blood pressure considered to have an elevated risk of
cardiovascular disease.

Methods
The complete design, methods, and primary outcomes of the Dose-Response to Exercise in
Women Aged 45 to 75 Years (DREW) study have been previously published.3,4 In brief, the
DREW study was a randomized, dose–response exercise training trial complying with the
Declaration of Helsinki and comparing a nonexercise control group and 3 groups exercising
at incremental doses (50%, 100%, and 150%) of the minimal NIH Consensus Development
Panel's recommendation for energy expenditure.5 The Cooper Institute and Pennington
Biomedical Research Center's institutional review boards initially and subsequently
reviewed our protocol annually. The primary outcomes for the DREW study included
maximum cardiorespiratory capacity, which was calculated as the average of 2 baseline and
2 follow-up exercise tests and the blood pressure at rest. The clinicaltrials.gov identifier is
NCT00011193.

After an initial evaluation and run-in period, we randomized 464 postmenopausal women
(age 45 to 75 years) to 1 of 3 exercise training groups or a nonexercise control group for a 6-
month intervention period. The exercise intensity for the present study was fixed at 50% of
the measured maximum cardiorespiratory capacity. During the exercise portion of the study,
there were distinct and separate intervention and assessment teams, and all assessment staff
were kept unaware of the participant randomization assignment. The study participants were
sedentary (exercising <20 minutes; <3 days/wk; <8,000 steps/day assessed during a 1-week
period), overweight or obese (body mass index 25.0 to 43.0 kg/m2), and had a systolic blood
pressure of 120 to 160 mm Hg. We excluded women who had a history of stroke,
myocardial infarction, or any serious medical condition that prevented participants from
adhering to the protocol or exercising safely. Our present analysis was limited to 408 women
with complete data for MS risk factors at baseline and follow-up.
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In an attempt to elucidate the progression or improvements surrounding the MS, we
approached our analysis by examining categorically defined MS and MS according to the z-
scores (zMS) from the National Cholesterol and Education Program components described
in the Joint Interim Statement of the International Diabetes Federation Task Force on
Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart
Association; World Heart Federation; International Atherosclerosis Society; and
International Association for the Study of Obesity for subjects from the United States.6 We
calculated the presence of MS by taking each participant's individual score at baseline and
follow-up and subtracting it from the cohort's baseline mean value. The resultant value of
each was then divided by the cohort's SD for that score, summed, and then divided by the
number of the composite scores. This approach has been used previously in several other
studies.7–9

We used chi-square and generalized linear models to analyze the influences of the differing
doses of exercise training on the MS and zMS. When significant trends were observed, we
explored our findings further for pairwise comparisons between the exercise training groups
and the control group using a Dunnett-Hsu post hoc assessment. The Dunnett-Hsu test
allows specific multiple pairwise comparisons while still protecting against type I statistical
errors. We covaried all our analyses with the participant's age, baseline MS scores for each
composite viable, as appropriate, and hypertension medication (28% of cohort),
hyperlipidemia medication (16% of cohort), hormonal therapy (15% of cohort), thyroid
medication (15% of cohort), antidepressants (18% of cohort), and glucose control
medication (1% of cohort). Within-group differences between baseline and the follow-up
duration are reported as the mean and 95% confidence intervals (CIs). All reported p values
are 2 sided (p <0.05), and our analyses were performed using the Statistical Package for
Social Sciences, version 19.0 (IBM, Somers, New York).

Results
The present report details the effects of 6 months of exercise training on the MS in 408
participants. The cohort's demographic, anthropometric, blood pressure, and
cardiorespiratory capacity data are listed in Table 1. The hematologic and MS score
characteristics are listed in Table 2. Medication use is listed in Table 3. Overall, the
participants in the present analysis were 45 to 75 years old, weighed 58.2 to 112.8 kg, and
had a body mass index of 23.2 to 40.9 kg/m2. Similar to our primary outcome study,3 we
observed a significant, dose-dependent increase in maximum cardiorespiratory capacity (p
for trend = 0.0001) for the 4 KKW (0.64 ml/kg/min, 95% CI 0.38 to 0.95), 8 KKW (1.28 ml/
kg/min, 95% CI 0.91 to 1.65), 12 KKW (1.67 ml/kg/min, 95% CI 1.32 to 2.03) groups, with
each group having statistically significant differences (p <0.001) versus the control group
(−0.18 ml/kg/min, 95% CI −0.54 to 0.18). Although we did not observe a significant
difference between baseline and follow-up regarding medication use, a significant
percentage of our cohort presented to the study with MS (78%).

At the baseline visit, we observed that the control (77%), 4 KKW (81%), 8 KKW (76%),
and 12 KKW (77%) groups all had an extremely high, and similar, prevalence of MS. After
6 months of exercise training, we observed that the prevalence of MS had increased by 4%
in the control group compared with significant improvements in the MS in the 4 KKW
(−3%), 8 KKW (−9%), and 12 KKW (−19%) groups (p for trend <0.02). However, only the
8 and 12 KKW group improvements were statistically significant, with both groups being
significantly different from those for the control group (all comparisons, p <0.05).

We observed a significant dose response for the improvement of zMS for each treatment
group (p for trend = 0.02; Figure 1). The post hoc analyses also showed that the 12 KKW
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group had significant differences compared with the control group (p <0.05). Overall, the
increased magnitude of the zMS response within the 3 treatment groups appeared to be
related to exercise energy expenditure. Specifically, each succeeding level of exercise
energy expenditure added another significant composite score to the zMS effect, whereby all
3 exercise groups showed significant improvements in waist circumference (p for trend =
0.002; Figure 2), but only the 8 and 12 KKW groups demonstrated significant improvements
in the fasting glucose level (p for trend = 0.02). Despite a significant trend (p for trend =
0.03), only the 12 KKW group demonstrated a significant within-group improvement for
systolic blood pressure.

In our post hoc analysis, we found that the reductions observed for waist circumference for
each exercise treatment group were significant compared with the control group (all, p
<0.001). For fasting glucose, each exercise group was also significantly different from the
control group, although only the 8 KKW and 12 KKW groups showed significant within-
group changes. These particular post hoc effects were likely a result of a significant increase
in the control group's fasting glucose level. Finally, for systolic blood pressure, only the 12
KKW group reached a statistically significant difference compared with the control group (p
= 0.05).

Discussion
In the present study, we found a dose response relation between weekly exercise energy
expenditure, cardiometabolic risk factors, and the prevalence of MS in a large randomized
study of postmenopausal women. We also observed significant improvements in zMS for all
exercise training levels, with dose-dependent improvements in waist circumference (4, 8,
and 12 KKW), fasting glucose (8 and 12 KKW), and systolic blood pressure (12 KKW). The
prevalence of MS was reduced significantly in the 8 and 12 KKW levels. These results
indicate that low-to-moderate intensity cardiorespiratory exercise training improves
components of the MS in postmenopausal women at levels at or greater than the NIH
recommendations, and the zMS improves at exercise levels half the NIH recommendations.

It is well recognized that women with MS are at a high risk of type 2 diabetes mellitus and
cardiovascular disease.6,10 When taken as a whole, the manifestation of MS represents the
worsening of several physiologic systems to the extent that the sum of a sufficient number of
qualifying categories leads to a clinical diagnosis. This is of considerable importance to
women's health, because it is also recognized that the MS increases throughout the transition
period from pre- to postmenopause, which in turn, could explain the increase in
cardiovascular disease in women after menopause, given the initial protection offered to
women before menopause.11 As menopause transitions to the postmenopausal status,
common changes include an increase in central adiposity/obesity, increased glucose and
insulin levels, elevations in systolic and diastolic blood pressure, and unfavorable changes in
lipid concentrations, especially increases in triglycerides and reductions in the
cardioprotective high-density lipoprotein cholesterol.12 Although exercise training generally
improves these risk factors, the categorical nature of the MS features might not necessarily
reflect the true nature of the improvements.

Our present analysis has demonstrated this premise, as our categorical analysis showed a
reduction in the MS in the 8 and 12 KKW exercise groups, and our zMS analysis
demonstrated a significant improvement for all exercise groups. Therefore, healthcare
practitioners should consider that the categorical nature of the MS might not fully reflect the
effect of treatment if a participant fails to transcend the qualifying cutoff points for each
category proposed in the published data.6 Nonetheless, we have shown that exercise at a
level at or greater than the NIH recommendations improves MS scores in postmenopausal
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women. We further suggest that even levels at 50% of the NIH recommendations are
beneficial for the treatment of cardiometabolic risk in post-menopausal women with a high
prevalence of MS and cardiovascular disease risk.

Although physical activity is recommended to postmenopausal women as a method of
decreasing cardiovascular disease risk, MS, and the associated co-morbidity prevalence, the
level of exercise required to affect changes in the MS is not clear.5,13 In our present analysis,
the beneficial effects of exercise training to reduce cardiometabolic risk were primarily
driven by improvements in the individual composite scores of waist circumference, fasting
glucose, and systolic blood pressure. These improvements appeared to be dose dependent,
because each increase in the level of exercise energy expenditure (50%, 100%, and 150% of
the consensus public health guidelines) was accompanied by a significant decrease in
another component of the MS score. For example, we observed a significant within-group
improvement in waist circumference for all exercise treatment groups (i.e., 4, 8, and 12
KKW), for the fasting glucose composite score in those exercising at a higher level (i.e., 8
and 12 KKW), and for the systolic blood pressure score in participants exercising at the
highest level (12 KKW). Therefore, the exercise level (i.e., fixed intensity, different
volumes) in the present study might be an important clinical consideration when providing
advice on exercise training.

Several reviews have examined the role of exercise and its influence on MS.12,14 Within the
published data are a paucity of reports examining postmenopausal women. Katzmarzyk et
al15 reported that 30% of participants from the HERITAGE Family Study, presenting with
MS and undertaking 20 weeks of aerobic training, no longer qualified as having National
Cholesterol Education Program-determined MS at the end of the study. Others have reported
similar findings.16,17 However, in a very small cohort (n = 48) of HERITAGE participants,
no effects were observed regarding exercise training and MS in postmenopausal women.18

In our study, we observed that the prevalence of MS increased by 4% in the control group,
demonstrating continued erosion over time, with by dose-dependent reductions in MS
prevalence in the 4 KKW (−3%), 8 KKW (−9%), and 12 KKW (−19%) groups.

In one of a few studies examining exercise intensity and MS, Johnson et al assessed both the
volume and the intensity implications surrounding exercise levels in men and women
assigned to a 6-month sedentary control group or 3 exercises levels: (1) low amount/
moderate intensity (equivalent to walking ∼ 19 km/wk), (2) low amount/vigorous intensity
(equivalent to jogging ∼ 19 km/wk), or (3) high amount/vigorous intensity (equivalent to
jogging ∼ 32 km/wk). The results of their study showed that although the low-amount/
moderate-intensity and high-amount/vigorous-intensity exercise groups showed
improvement in the MS relative to the inactive controls, the low-amount/vigorous-intensity
group did not. Given that the mean ± SD age of the women in that study was 55 ± 5 years,
many were likely postmenopausal. However, no statistical adjustments were made for
menopausal status in their study. Two subsequent exercise trials have now shown that
interval training, which is shortduration and high-intensity exercise by nature, has a greater
effect in reducing the MS.19, 20 Although one study included a small number of women (n =
15) divided among 3 groups, the other included only men at risk of diabetes, which of
course includes insulin resistance. 19,20

A major strength of our study was that we examined previously sedentary, overweight
women with elevated blood pressure who were exercising at low-to-moderate intensities.
These levels are synonymous with the NIH Consensus Panel's physical activity
recommendations.5 Although a potential limitation of the present study might have been our
use of low-to-moderate intensity exercise, it should be noted that the central hypothesis for
the DREW study was stated a priori at its initiation as examining the “minimum” or
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“threshold” level of exercise needed to improve fitness and health surrounding the NIH
recommendations for cardiorespiratory fitness. When considering zMS, we observed that
women exercising at 50% of the NIH recommendations also significantly improved their
MS status. The primary limitation of our study is that we cannot extend our findings to pre-
or perimenopausal women. However, our findings are generalizable to aging women (45 to
75 years) who have completed menopause and remain sedentary, overweight, and, very
likely, owing to the nature of MS progression, continue to accrue MS risk. We were also
unable to address which factors associated with the MS carry greater weight regarding risk.
Important to our findings is that physical activity remains a steadfast recommendation for
the management of MS across all ages and genders.21 Moreover, the exercise levels we used
in the present trial are easily attained by most women with a minimum weekly time
commitment, resulting in significantly improved cardiometabolic status, with waist
circumference the singular component most affected by exercise training, followed by the
fasting glucose level and systolic blood pressure.

The results of the present study introduces a potentially interesting paradox to the discussion
surrounding MS in that Reaven's original hypothesis22,23 was predicated on insulin
resistance being the central mediating factor for syndrome × or the MS. In contrast, several
consensus statements have suggested the prominent role of central adiposity.6,13 Given our
present results, the MS and waist circumference were tightly coupled, and a recent report
from our group has also shown waist circumference to correlate highly with fitness and the
MS, using the same method for scoring used in our present report.7–9

Our results demonstrate the impact of cardiorespiratory exercise training dose on
cardiometabolic risk factors and prevalence of MS in a large randomized study of
postmenopausal women with a very high prevalence of MS and risk for subsequent CVD.
Low-to-moderate intensity cardiorespiratory exercise appears to improve MS in
postmenopausal women at levels at or above NIH recommendations, while zMS improves at
half the NIH recommendations. Higher levels of energy expenditure appear to enhance this
effect by incorporating a greater number of requisite MS composite scores.
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Figure 1.
Data represent mean and 95% confidence interval reduction in MS score after 6 months of
exercise training. *Different from control (p <0.05).
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Figure 2.
Data represent mean and 95% confidence interval changes for each zMS composite score
constituting the MS for postmenopausal women undertaking 6 months of monitored aerobic
exercise training at 4, 8, and 12 KKW. *Findings significantly different from the control
group (p <0.05). †Findings significantly different from the control group (p <0.003).
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