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PHYSICAL INACTIVITY AND OVER-
weight/obesity are major pub-
lic health epidemics.1 More
than half of the US population

does not meet recommended levels of
physical activity, while 65% are over-
weight or obese, with women being
more at risk than men.1,2 Overweight
and obesity continue to substantially in-
crease in the United States and world-
wide, affecting women and men of all
ages and ethnic groups.1,3,4 Both in-
creased body weight and low levels of
physical activity have been shown con-
sistently to be powerful predictors of
cardiovascular disease, diabetes, and all-
cause mortality.5-10 Both are also asso-
ciated with increased prevalence of tra-
ditional cardiovascular risk factors and
they often occur together. This has led
to some controversy over the relative
contributions of each to cardiovascu-
lar risk.11

Few studies have directly com-
pared the effects of physical activity and
body weight on cardiovascular biomar-
kers, and these studies have been mostly
limited to men12-15 or small numbers of
women.16-18 A previous study examin-
ing inflammatory biomarkers in an el-
derly cohort found an inverse associa-
tion between physical activity and
inflammatory markers, with the asso-
ciation being attenuated after adjust-
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Context There are few data directly comparing the effects of physical activity and
body weight on cardiovascular biomarkers.

Objective To examine the association of physical activity and body mass index (BMI,
defined as weight in kilograms divided by the square of height in meters) alone and in
combination with cardiovascular biomarkers.

Design, Setting, and Participants Cross-sectional analysis of 27 158 apparently
healthy US women (mean age, 54.7 years) at the time of enrollment (1992-1995) in the
Women’s Health Study, a randomized, double-blind, placebo-controlled trial of low-
dose aspirin and vitamin E in the primary prevention of cardiovascular disease and cancer.

Main Outcome Measures The association of physical activity and BMI with high-
sensitivity C-reactive protein (CRP), fibrinogen, soluble intracellular adhesion molecule
1 (ICAM-1), homocysteine, low- and high-density lipoprotein (LDL and HDL) choles-
terol, total cholesterol, apolipoprotein A-1 and B100, lipoprotein(a), and creatinine.

Results Lower levels of physical activity and higher levels of BMI were indepen-
dently associated (P for trend �.001) with adverse levels of nearly all lipid and inflam-
matory biomarkers. High BMI showed stronger associations with these biomarkers than
physical inactivity. For example, using the reference group of physically active, normal
weight women (energy expenditure �1000 kcal/week; BMI, 18.5-24.9) and adjust-
ing for age, race, smoking, blood pressure, diabetes, menopausal status, and hormone
use, the odds ratios (95% confidence intervals [CIs]) for having CRP �3 mg/L were:
for inactive, normal weight women 1.26 (1.15-1.37); active, overweight 2.68 (2.41-
2.98); inactive, overweight 3.11 (2.84-3.41); active, obese 8.25 (7.15-9.51); and inac-
tive, obese 9.86 (8.84-10.99). In similar analyses, the odds ratios (95% CIs) for having
HDL cholesterol �50 mg/dL were 1.20 (1.11-1.30); 2.25 (2.04-2.49); 2.62 (2.41-
2.85); 4.21 (3.68-4.81); and 5.27 (4.77-5.84), respectively, and for having apolipo-
protein B100 �120 mg/dL they were 1.21 (1.11-1.33); 1.86 (1.66-2.08); 2.06 (1.88-
2.67); 2.35 (2.04-2.70); and 2.33 (2.09-2.59). Fibrinogen, ICAM-1, apolipoprotein
A1, total cholesterol, and LDL cholesterol showed similar associations. By contrast, homo-
cysteine, lipoprotein (a), and creatinine showed weak or nonsignificant associations.

Conclusions High BMI was more strongly related to adverse cardiovascular bio-
marker levels than physical inactivity. However, within BMI categories, physical ac-
tivity was generally associated with more favorable cardiovascular biomarker levels
than inactivity.
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ing for body mass index (BMI, defined
as weight in kilograms divided by the
square of height in meters).19

To provide more information, we
measured levels of 11 novel and tradi-
tional biomarkers that have been related
to cardiovascular risk and may play a
role in the development of atheroscle-
rosis (high-sensitivity C-reactive pro-
tein [CRP], fibrinogen, soluble intra-
cellular adhesion molecule 1 [ICAM-1],
homocysteine, low- and high-density
lipoprotein [LDL and HDL] choles-
terol, total cholesterol, apolipoprotein
A-1 and B100, lipoprotein [a], and cre-
atinine) in a large cohort of middle-
aged healthy women.20,21 We sought to
compare the association of physical
activity and BMI, alone and in combi-
nation, with these cardiovascular bio-
markers.

METHODS
Study Population

Study participants were selected from
individuals enrolled in the Women’s
Health Study, a recently completed ran-
domized, double-blind, placebo-
controlled clinical trial of low-dose as-
pirin and vitamin E in the primary
prevention of cardiovascular disease
and cancer in 39 876 women followed
through February 2005.22-24 The study
was approved by the institutional re-
view boards of the Brigham and Wom-
en’s Hospital (Boston, Mass). Partici-
pants were apparently healthy female
health care professionals, aged 45
years or older, who were free of self-
reported cardiovascular disease and
cancer at study entry (1992-1995). Par-
ticipants gave written informed con-
sent and completed questionnaires at
time of enrollment on demographics,
medical history, medications, and
lifestyle factors. Participants self-
reported race/ethnic status in 1 of 6 cat-
egories (white, Hispanic, black, Asian/
Pacific Islander, American Indian/
Alaskan Native, and other). Participants
also were asked to provide a blood
sample, if they were willing; 28 345
(71.1%) did and of these, 546 samples
could not be analyzed due to techni-
cal limitations. For the purposes of

this report, we additionally excluded
women with missing BMI or physical
activity data (n=543) and missing in-
formation on the biomarkers of inter-
est (n=98), leaving 27 158 women for
analysis.

Assessment of BMI
and Physical Activity

Self-reported body height and weight
were obtained from the baseline ques-
tionnaires and used to calculate BMI.4

Physical activity was assessed by us-
ing a questionnaire that has been
shown to be valid and reliable, with
test-retest correlation of 0.59 in a ran-
dom sample of nurses from another
study.25,26 The correlation of physical ac-
tivity reported on the questionnaires as
compared with activity diaries kept
for 4 weeks over a year was 0.62.25,26

Participants were asked on the ques-
tionnaire to estimate the average time
per week over the past year spent on 8
groups of recreational activities (walk-
ing/hiking, jogging, running, bicy-
cling, aerobic exercise/dance, lap swim-
ming, tennis/squash/racquetball, and
lower-intensity exercise) and also to
report the number of flights of stairs
climbed daily. A metabolic equivalent
task (MET) score was assigned to
each activity based on the energy cost
of that activity (1-MET is equivalent
approximately to 1 kcal of energy ex-
pended/kg of body weight/hour). We
estimated the energy expended on each
of the above activities, and summed
over all activities to estimate the total
energy expended on physical activity
(kcal/week).

Inflammatory and Lipid Biomarker
Measurements

Blood samples (collected in EDTA)
were obtained at the time of enroll-
ment and stored in vapor phase liquid
nitrogen (−170°C). In a core labora-
tory certified by the National Heart,
Lung, and Blood Institute/Centers for
Disease Control and Prevention Lipid
Standardization program, samples
were thawed and analyzed for a panel
of inflammatory biomarkers. High-
sensitivity CRP and lipoprotein (a) were

measured using immunoturbidimet-
ric assays on the Hitachi 917 analyzer
(Roche Diagnostics, Indianapolis, Ind),
using reagents and calibrators from
Denka Seiken (Tokyo, Japan). Fibrino-
gen was measured using an immuno-
turbidimetric assay (Kamiya Biomedi-
cal, Seattle, Wash) and ICAM-1 was
measured using an enzyme-linked im-
munosorbent assay (R & D Systems,
Minneapolis, Minn). An enzymatic as-
say was used to measure homocyste-
ine (Catch Inc, Seattle, Wash). Total,
LDL, and HDL cholesterol were as-
sayed directly using reagents from Gen-
zyme Corporation (Cambridge, Mass)
and Roche Diagnostics. Apolipopro-
teins A1 and B100 were measured using
an immunoturbidimetric assay (Dia-
Sorin, Stillwater, Minn). Creatinine was
measured by a rate-blanked method that
is based on the Jaffé reaction.

Statistical Methods

Statistical analyses were performed us-
ing STATA version 8.2 (STATA Cor-
poration, College Station, Tex). We cal-
culated Spearman rank correlation
coefficients (rs) for continuous values
of the biomarkers. We used the non-
parametric Cuzick extension to the Wil-
coxon rank-sum test for trend to com-
pare median biomarker levels across
quintiles of physical activity or BMI.

Next, biomarkers were divided into
quintiles based on the distribution
among women not taking hormone
therapy, using guidelines from the De-
partment of Health and Human Ser-
vices for lipid standardization.27 The
highest quintile cutpoint was then used
to define elevated levels of that bio-
marker for all participants. Associa-
tions of physical activity and BMI with
elevated biomarker levels were exam-
ined using logistic regression models
that adjusted for age, race, smoking
(never, past, current), systolic blood
pressure, diabetes mellitus, postmeno-
pausal status, and hormone therapy.
The association of physical activity with
biomarkers was examined with and
without adjusting for BMI, while mod-
els examining the association of BMI
with biomarkers were examined with
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and without adjusting for physical ac-
tivity. Additional models not includ-
ing blood pressure or diabetes were also
used to examine the associations of
physical activity and BMI, since these
2 variables may represent intermedi-
ate variables in the causal pathway. Di-
etary intake of fruits, vegetables, red
meat, alcohol use, and multivitamin use
were not included in the final logistic
regression models because none of these
dietary factors or education, geo-
graphic location, and income affected
the findings.

Finally, we examined the joint asso-
ciations of physical activity and BMI
with elevated biomarker levels. To sim-
plify these analyses, instead of using
quintile cutpoints for physical activity
and BMI, we now used clinical cut-
points on an a priori basis. Physical ac-
tivity was categorized into 2 groups
(�1000 or �1000 kcal/wk of energy
expenditure, or approximately 2.5
hours of moderate-intensity physical ac-
tivity/week) based on current recom-
mendations from the Centers for Dis-
ease Control and Prevention, the
American College of Sports Medicine,
and the US surgeon general, which rec-
ommend a minimum energy expendi-
ture of 30 minutes per day most days
of the week or the equivalent of ap-
proximately 1000 kcal/wk.28,29 BMI was
categorized into 3 groups according to
the Clinical Guidelines on the Identi-

fication, Evaluation, and Treatment of
Overweight and Obesity in Adults: nor-
mal weight (BMI, 18.5-24.9), over-
weight (BMI, 25.0-29.9), and obese
(BMI, �30).4 P values were 2-tailed
with a �.05 level of significance.

RESULTS
The mean age of the participants was
54.7 years (TABLE 1). The prevalence
of overweight and obesity was 30.7%
and 17.6%, respectively, with the
mean BMI being 25.9. For weekly
physical activity expenditure, the
median level was 601 kcal/wk (inter-
quartile range, 199-1353 kcal/wk).
The median levels of biomarkers were
as expected for a healthy cohort of
middle-aged women.

Physical activity and BMI were only
weakly and inversely correlated (rs,
−0.10) (TABLE 2). BMI was positively
correlated with the inflammatory mark-
ers, LDL cholesterol, total cholesterol,
and apolipoprotein B100, and inversely
correlated with HDL cholesterol and
apolipoprotein A1. Physical activity was
correlated with the biomarkers in the
opposite direction of BMI and showed
smaller correlations. Homocysteine, li-
poprotein (a) and creatinine were only
minimally correlated with either physi-
cal activity or BMI.

When we examined median levels of
the biomarkers (TABLE 3), lower quin-
tiles of physical activity and higher quin-

Table 1. Baseline Characteristics of Women
(N = 27 158)

Variable Data

Age, mean (SD), y 54.7 (7.1)

White, % 95.5

Body mass index,
mean (SD)*

25.9 (5.0)

Physical activity, median
(IQR), kcal/wk

601 (199-1353)

Medical history, %
Hypertension 25.0

Current smoking 11.5

Diabetes 2.8

Postmenopausal 54.2

Postmenopausal
hormone use

43.6

Laboratory values,
median (IQR)

C-reactive protein,
mg/L

2.0 (0.8-4.4)

Fibrinogen, mg/dL 351 (308-403)

ICAM-1, ng/mL 343 (301-395)

Homocysteine,
µmol/L

10.5 (8.7-12.9)

LDL cholesterol,
mg/dL

121.4 (100.5-144.3)

HDL cholesterol,
mg/dL

51.9 (43.2-62.3)

Total cholesterol,
mg/dL

208 (184-235)

Apolipoprotein
A-1, mg/dL

148.9 (132.4-167.9)

Apolipoprotein B100,
mg/dL

100.1 (83.9-121.2)

Lipoprotein(a),
mg/dL

10.6 (4.4-32.7)

Creatinine, mg/dL 0.71 (0.63-0.80)

Abbreviations: HDL, high-density lipoprotein; ICAM-1, soluble
intracellular adhesion molecule-1; IQR, interquartile range
(25th percentile-75th percentile); LDL, low-density lipo-
protein.

SI conversions: to convert LDL, HDL, and total cholesterol
to mmol/L, multiply by 0.0259; to convert creatinine to
µmol/L, multiply by 88.4.

*Body mass index is calculated as weight in kilograms di-
vided by the square of height in meters.

Table 2. Spearman Correlation Coefficients for Cardiovascular Biomarkers

CRP Fibrinogen ICAM-1 Homocysteine LDL-C HDL-C TC Apo A-1 Apo B100 Lp(a) Creatinine BMI

Fibrinogen .41

ICAM-1 .29 .27

Homocysteine −.01 .12 .11

LDL-C .08 .20 .13 .11

HDL-C −.18 −.23 −.22 −.04 −.04

Total cholesterol .16 .14 .12 .11 .88 .16

Apo A-1 .03 −.16 −.13 −.03 −.07 .79 .20

Apo B100 .25 .27 .23 .10 .79 −.32 .74 −.10

Lp(a) −.01* .12 �.01* .02 .17 �.01* .14 −.03 .14

Creatinine −.01 .02 −.01† .27 .18 .15 .24 .01† .03 .03

BMI .47 .33 .21 .05 .15 −.38 .10 −.25 .26 .01* −.01

Physical activity −.10 −.09 −.10 −.05 −.05 .10 −.04 .07 −.08 .01* .04 −.10
Abbreviations: Apo A-1, apolipoprotein A-1; Apo B100, apolipoprotein B100; BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); CRP,

C-reactive protein; HDL-C, high-density lipoprotein; ICAM-1, soluble intracellular adhesion molecule 1; LDL-C, low-density lipoprotein; Lp(a), lipoprotein (a).
*All pairwise P values �.05 except for Lp(a) with CRP (P = .15), ICAM-1 (P = .97), HDL-C (P = .80), physical activity (P = .18), and BMI (P = .12).
†Creatinine with Apo A-1 and ICAM-1 had nonsignificant correlations (P = .10 and 0.30, respectively).
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tiles of BMI were linearly associated (P
for trend �.001) with adverse levels of
nearly all biomarkers in the expected di-
rection, with greater differences in me-
dian levels of biomarkers across quin-
tiles of BMI compared with physical
activity. For women in the lowest quin-
tile of physical activity, unadjusted me-
dian values of biomarkers were higher
than those in the highest quintile by 43%
for CRP, 5% to 8% for fibrinogen,
ICAM-1, homocysteine, LDL choles-
terol, and apolipoprotein B100, and 3%
to 8% lower for HDL cholesterol and
apolipoprotein A1, with linear associa-
tions for quintiles 2-4. For women in the
highest quintile of BMI, median bio-
marker levels were higher than those in
the lowest quintile by 4-fold for CRP,
22% for fibrinogen, 14% for ICAM-1, 5%
for homocysteine, 12% for LDL choles-

terol, and 23% for apolipoprotein B100,
while HDL cholesterol and apolipopro-
tein A1 were lower by 26% and 13%, re-
spectively. Linear associations were also
found for the intermediate BMI quin-
tiles.

After adjusting for age, race, smok-
ing, systolic blood pressure, diabetes,
menopausal status, hormone use, and
either BMI or physical activity, both
physical activity and BMI remained sig-
nificantly associated in a linear man-
ner with most biomarker levels, with
greater odds ratios (ORs) for BMI com-
pared with physical activity (TABLE 4).
For example, after adjusting for risk fac-
tors and BMI, the lowest quintile of
physical activity, compared with the
highest, was associated with ORs (95%
confidence intervals [CIs]) for el-
evated CRP, fibrinogen, and ICAM-1 of

1.37 (95% CI, 1.24-1.51); 1.26 (95% CI
1.13-1.40); and 1.59 (95% CI, 1.43-
1.76), respectively. A similar analysis
of the highest compared with the low-
est quintile of BMI that adjusted for the
same risk factors and physical activity
was associated with ORs of 10.79 (95%
CI, 9.63-12.08); 5.81 (95% CI, 5.13-
6.59); and 2.33 (95% CI, 2.09-2.60), re-
spectively. Intermediate quintiles (2-4)
of both physical activity and BMI also
showed significant associations when
compared with the reference quin-
tiles, with little overlap in the CIs for
BMI quintiles.

Analyses that did and did not adjust
for BMI resulted in only minimal
changes in the ORs for physical activ-
ity. Similarly, analyses of BMI that did
and did not adjust for physical activity
also resulted in almost identical find-

Table 3. Median Biomarker Levels According to Quintiles of Physical Activity and Body Mass Index

Quintiles of Physical Activity, kcal/wk

P
Value*

5
(�1574) (Highest)

4
(�844-1574)

3
(�412-844)

2
(�144-412)

1
(�144) (Lowest)

CRP, mg/L 1.78 1.78 1.90 2.11 2.54 �.001

Fibrinogen, mg/dL 345 346 349 354 362 �.001

ICAM-1, ng/mL 337 337 339 346 358 �.001

Homocysteine, µmol/L 10.4 10.3 10.3 10.5 10.8 �.001

LDL-C, mg/dL 119.2 120.1 121.1 122.1 124.6 �.001

HDL-C, mg/dL 53.5 53.1 52.5 51.1 49.3 �.001

Total cholesterol, mg/dL 207 206 208 209 211 �.001

Apo A-1, mg/dL 151.1 150.8 150.0 147.5 146.1 �.001

Apo B100, mg/dL 97.9 98.1 99.6 103.7 105.8 �.001

Lp(a), mg/dL 10.4 10.9 10.5 11.0 10.2 .12

Creatinine, mg/dL 0.72 0.71 0.71 0.71 0.70 �.001

Quintiles of Body Mass Index†

1
(�21.9) (Lowest)

2
(�21.9-23.8)

3
(�23.8-25.8)

4
(�25.8-29.3)

5
(�29.3) (Highest)

CRP, mg/L 0.87 1.31 1.85 2.64 4.49 �.001

Fibrinogen, mg/dL 322 335 350 363 393 �.001

ICAM-1, ng/mL 325 331 339 350 371 �.001

Homocysteine, µmol/L 10.3 10.3 10.4 10.5 10.8 .001

LDL-C, mg/dL 112.7 118.4 123.7 126.0 125.9 �.001

HDL-C, mg/dL 59.5 55.7 52.5 48.7 43.9 �.001

Total cholesterol, mg/dL 201 206 210 213 211 �.001

Apo A-1, mg/dL 157.7 153.8 149.6 145.7 138.0 �.001

Apo B100, mg/dL 90.0 95.6 103.4 108.0 110.9 �.001

Lp(a), mg/dL 10.1 10.4 10.9 11.0 10.7 .13

Creatinine, mg/dL 0.71 0.71 0.71 0.71 0.70 .08
Abbreviations: Apo A-1, apolipoprotein A-1; Apo B100, apolipoprotein B100; CRP, C-reactive protein; HDL-C, high-density lipoprotein; ICAM-1, soluble intracellular adhesion mol-

ecule 1; LDL-C, low-density lipoprotein; Lp(a), lipoprotein (a).
SI conversions: to convert LDL, HDL, and total cholesterol to mmol/L, multiply by 0.0259; to convert creatinine to µmol/L, multiply by 88.4.
*P values obtained from Cuzick’s nonparametric test for trend across ordered groups for median biomarker levels across quintiles of physical activity or BMI.
†Body mass index is calculated as weight in kilograms divided by the square of height in meters.
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ings. Excluding systolic blood pressure
and diabetes from the multivariable
models did not change our findings.

We then proceeded to examine the
joint associations of physical activity
and BMI with biomarker levels using
established clinical cutpoints when
available (FIGURE). High BMI showed
stronger associations with these bio-
markers than physical inactivity, but
within BMI categories, physical activ-
ity was generally associated with more
favorable cardiovascular biomarker lev-
els than inactivity. For example, using
the reference group of physically ac-
tive, normal weight (energy expendi-
ture �1000 kcal/wk; BMI, 18.5-24.9)

and adjusting for age, race, smoking,
systolic blood pressure, diabetes, meno-
pausal status, and hormone use, the
ORs for having CRP higher than 3 mg/L
were: for inactive, normal weight
women 1.26 (95% CI, 1.15-1.37); ac-
tive, overweight 2.68 (95% CI, 2.41-
2.98); inactive, overweight 3.11 (95%
CI, 2.84-3.41); active, obese 8.25 (95%
CI, 7.15-9.51); and inactive, obese 9.86
(95% CI, 8.84-10.99); all P�.001.

In similar analyses, the ORs for hav-
ing HDL cholesterol less than 50 mg/dL
were 1.20 (95% CI, 1.11-1.30); 2.25
(95% CI, 2.04-2.49); 2.62 (95% CI, 2.41-
2.85); 4.21 (95% CI, 3.68-4.81); and
5.27 (95% CI, 4.77-5.84), respectively,

and forhavingapolipoproteinB100 higher
than 120 mg/dL, they were 1.21 (95%
CI, 1.11-1.33); 1.86 (95% CI, 1.66-
2.08); 2.06 (95% CI, 1.88-2.67); 2.35
(95% CI, 2.04-2.70); and 2.33 (95% CI,
2.09-2.59), respectively. Fibrinogen,
ICAM-1, total and LDL cholesterol, and
apolipoprotein A1 showed similar as-
sociations (Figure). By contrast, homo-
cysteine, lipoprotein (a), and creati-
nine showed weak or nonsignificant
associations.

COMMENT
In this cross-sectional analysis of 27 158
healthy women, lower levels of physi-
cal activity andhigher levelsofBMIwere

Table 4. Adjusted Odds Ratios for the Association of Quintiles of Physical Activity and Quintiles of Body Mass Index With Elevated Biomarker
Levels*

Quintiles of Physical Activity, kcal/wk†

P for
Linear Trend

5
(�1574) (Highest)

4
(�844-1574)

3
(�412-844)

2
(�144-412)

1
(�144) (Lowest)

CRP 1.00 1.14 (1.03-1.26) 1.19 (1.07-1.31) 1.23 (1.12-1.36) 1.37 (1.24-1.51) �.001

Fibrinogen 1.00 1.11 (0.99-1.24) 1.08 (0.97-1.21) 1.18 (1.05-1.32) 1.26 (1.13-1.40) �.001

ICAM-1 1.00 1.04 (0.93-1.16) 1.18 (1.06-1.31) 1.37 (1.24-1.52) 1.59 (1.43-1.76) �.001

Homocysteine 1.00 0.89 (0.81-0.99) 0.88 (0.79-0.97) 1.00 (0.90-1.10) 1.06 (0.96-1.17) .49

LDL-C 1.00 1.05 (0.95-1.17) 1.09 (0.99-1.21) 1.15 (1.04-1.27) 1.14 (1.03-1.26) .002

HDL-C 1.00 0.88 (0.81-0.96) 0.86 (0.79-0.94) 0.78 (0.71-0.85) 0.78 (0.71-0.86) �.001

Total cholesterol 1.00 1.00 (0.91-1.10) 1.06 (0.96-1.17) 1.07 (0.98-1.18) 1.09 (0.99-1.20) .04

Apo A-1 1.00 0.92 (0.85-1.00) 0.90 (0.83-0.98) 0.82 (0.75-0.89) 0.79 (0.73-0.87) �.001

Apo B100 1.00 1.05 (0.95-1.17) 1.12 (1.02-1.24) 1.15 (1.04-1.27) 1.20 (1.09-1.32) �.001

Lp(a) 1.00 1.03 (0.94-1.13) 0.98 (0.89-1.08) 1.05 (0.95-1.15) 0.97 (0.88-1.07) .86

Creatinine 1.00 0.85 (0.77-0.93) 0.90 (0.82-0.99) 0.86 (0.79-0.95) 0.84 (0.76-0.92) �.001

Quintiles of Body Mass Index‡

1
(�21.9) (Lowest)

2
(�21.9-23.8)

3
(�23.8-25.8)

4
(�25.8-29.3)

5
(�29.3) (Highest)

CRP 1.00 1.66 (1.47-1.87) 2.44 (2.17-2.73) 4.25 (3.80-4.75) 10.79 (9.63-12.08) �.001

Fibrinogen 1.00 1.52 (1.33-1.75) 1.86 (1.63-2.13) 2.73 (2.40-3.10) 5.81 (5.13-6.59) �.001

ICAM-1 1.00 0.95 (0.85-1.06) 1.06 (0.95-1.19) 1.42 (1.28-1.58) 2.33 (2.09-2.60) �.001

Homocysteine 1.00 0.94 (0.85-1.04) 0.94 (0.85-1.04) 0.99 (0.89-1.10) 1.14 (1.03-1.27) .001

LDL-C 1.00 1.39 (1.24-1.56) 1.71 (1.53-1.90) 1.98 (1.78-2.21) 1.87 (1.67-2.10) �.001

HDL-C 1.00 0.67 (0.62-0.72) 0.41 (0.38-0.45) 0.27 (0.24-0.29) 0.15 (0.13-0.16) �.001

Total cholesterol 1.00 1.26 (1.13-1.40) 1.45 (1.31-1.61) 1.64 (1.48-1.81) 1.46 (1.31-1.63) �.001

Apo A-1 1.00 0.72 (0.66-0.78) 0.54 (0.50-0.59) 0.43 (0.40-0.47) 0.26 (0.23-0.28) �.001

Apo B100 1.00 1.51 (1.34-1.70) 2.13 (1.90-2.38) 2.68 (2.40-3.00) 2.93 (2.61-3.28) �.001

Lp(a) 1.00 1.09 (0.99-1.20) 1.12 (1.01-1.23) 1.16 (1.05-1.28) 1.07 (0.97-1.19) .23

Creatinine 1.00 1.00 (0.91-1.10) 1.01 (0.92-1.11) 1.02 (0.93-1.13) 1.02 (0.92-1.13) .59
Abbreviations: Apo A-1, apolipoprotein A-1; Apo B100, apolipoprotein B100; CRP, C-reactive protein; HDL-C, high-density lipoprotein; ICAM-1, soluble intracellular adhesion mol-

ecule 1; LDL-C, low-density lipoprotein; Lp(a), lipoprotein (a).
*All data are presented as odds ratios (95% confidence intervals). Elevated biomarker level was defined as the highest quintile of that biomarker in women not taking hormone

therapy, with values as follows: CRP 4.2 mg/L, fibrinogen 428 mg/dL, ICAM-1 411 ng/mL, homocysteine 14.0 µmol/L, LDL-C 153.9 mg/dL, HDL-C 61.5 mg/dL, total cholesterol
242 mg/dL, apolipoprotein A-1 160 mg/dL, apolipoprotein B100 126 mg/dL, lipoprotein(a) 45.3 mg/dL, creatinine 0.83 mg/dL.

†Obtained from logistic regression analysis that adjusted for age, race, smoking status, systolic blood pressure, diabetes mellitus, menopausal status, and hormone use, with
models for physical activity quintiles additionally adjusted for body mass index as a continuous variable and models for body mass index additionally adjusted for physical activity
as a continuous variable.

‡Body mass index is calculated as weight in kilograms divided by the square of height in meters.
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both independently associated with
nearly all inflammatory and lipid bio-
markers,with strongerassociations seen
for BMI compared with physical activ-
ity in combined analyses. The strength
of the association between BMI and bio-
marker levels did not noticeably change
after adjustment for physical activity,
and vice versa. There was no thresh-
old effect but, rather, a linear relation-
ship between physical activity or BMI
and cardiovascular biomarkers. These
observations suggest that both physi-
cal activity and BMI have significant
independent associations with inflam-
matory and lipid factors that may be
related to the development of athero-
sclerosis and cardiovascular disease.

Although we observed greater ORs
for cardiovascular biomarkers associ-
ated with high BMI compared with
physical inactivity, being physically ac-
tive was associated with more favor-
able cardiovascular biomarker levels
within BMI categories. The most favor-
able biomarker values were found in
women who had an optimal BMI (18.5-
24.9) and who met current guidelines
for physical activity expenditure (30
min/d of moderate intensity activity
most days of the week or a total of 1000
kcal/wk).

The current study examined the
combined and separate associations of
physical activity and BMI with a com-
prehensive panel of novel and tradi-

tional cardiovascular biomarkers in
women. Previous studies have been lim-
ited in the sample size of women and
the number and variety of biomarkers
examined, with most studies focusing
on fibrinogen, CRP, or traditional lip-
ids. A recent small study in men that
examined fibrinogen, lipids, and other
hemostatic factors but not CRP, homo-
cysteine, or ICAM-1, also found that in-
creased body weight was more closely
related to adverse risk factors than
physical inactivity.15 Other studies that
examined physical activity and body
weight have reported significant asso-
ciations, predominantly with fibrino-
gen and CRP,19,30-33 with the present
analysis extending these findings to a

Figure. Association of Physical Activity and Body Mass Index Categories With Cardiovascular Biomarkers

InactiveActive
Physical Activity Level

A
dj

us
te

d 
O

dd
s 

R
at

io

C-Reactive Protein >3 mg/L

10.0

1.0

2.0

4.0

8.0

0.8

Fibrinogen >428 mg/dL

Soluble Intracellular
Adhesion Molecule 1

>411 ng/mL
Low-Density Lipoprotein
Cholesterol >130 mg/dL

1.0
0.8

Body Mass Index
18.5-24.9 25.0-29.9 ≥30

P <.001

P = .03

P <.001

Body Mass Index
18.5-24.9 25.0-29.9 ≥30

P = .92

P = .09

P <.001

Body Mass Index
18.5-24.9 25.0-29.9 ≥30

P = .003

P = .01

P <.001

P <.001 P <.001

Body Mass Index
18.5-24.9 25.0-29.9 ≥30

P = .07

P <.001

P = .77

Body Mass Index

A
dj

us
te

d 
O

dd
s 

R
at

io

High-Density Lipoprotein
Cholesterol <50 mg/dL

P <.001

18.5-24.9

10.0

2.0

4.0

8.0

25.0-29.9

P = .001

≥30

P = .002

Body Mass Index

Total Cholesterol
>200 mg/dL

P <.001

18.5-24.9 25.0-29.9

P = .049

≥30

P = .33

Body Mass Index

Apolipoprotein A-1
<160 mg/dL

18.5-24.9 25.0-29.9 ≥30

P = .07

P = .03

Body Mass Index

Apolipoprotein B100
>120 mg/dL

18.5-24.9 25.0-29.9 ≥30

P = .045
P = .91

Odds ratios (95% confidence intervals) for women categorized by their physical activity level (active or inactive, �or �1000 kcal/wk) and body mass index (normal
weight, overweight, obese [calculated as weight in kilograms divided by the square of height in meters]) were adjusted for age, race, smoking status, systolic blood
pressure, diabetes mellitus, menopausal status, and hormone use. All comparisons were with the reference group of normal weight, active women (P�.001). The
bracketed P values are from serial logistic regression models using as reference the active group within each BMI group to test for the significance of the association of
physical inactivity with adverse cardiovascular biomarker levels within each BMI group. Established clinical cutpoints for biomarker levels in women were used when
available. Top quintile values were used to define the cutpoints for ICAM-1 and fibrinogen. Cutpoints for apolipoprotein B100 and A-1 corresponded to top quintile as
well as clinical cutpoints.
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range of other inflammatory and lipid
biomarkers. The magnitude of the as-
sociation between physical activity and
biomarker levels was similar to that seen
in previous reports, including those
from the National Health and Nutri-
tion Examination Survey34 and the Car-
diovascular Health Study,19 both of
which also found that CRP showed the
most striking association with physi-
cal activity, compared with other bio-
markers such as fibrinogen.

It is well known that increased body
weight is associated with inflamma-
tory and lipid biomarkers. Adipose
tissue, particularly visceral adipose
tissue, is metabolically active, promot-
ing a thrombotic and inflammatory
state,32,35,36 as well as an atherogenic li-
poprotein state with predominance of
high triglycerides and low HDL cho-
lesterol.37 It is less clear why physical
activity would be associated with in-
flammatory or lipid biomarkers inde-
pendent of body weight, as our results
demonstrate.38 It has been postulated
that physical activity may modulate
levels of inflammation both locally
by regular muscle movement that
may suppress inflammation, and sys-
temically via muscle-derived cyto-
kines or leptin, which may be reduced
with physical activity independent of
BMI.38-40 Physical activity is also asso-
ciated with improved endothelial func-
tion and nitric oxide synthesis and has
been recently found to increase endo-
thelial progenitor cell activation and
mobilization.38,41,42

There are several limitations of this
study. The study was cross-sectional in
design, and hence causal relation-
ships cannot be inferred. We only had
data on women, although to our knowl-
edge there are no data to suggest sub-
stantial sex differences with respect to
inflammation and lipids after taking
into account menopausal status and
hormone use, as we did in our ad-
justed analyses. While our study in-
cluded health care professionals who
were mostly white, apparently healthy,
recruited from a variety of geographic
locations across the United States, it is
unclear if our results would be appli-

cable to other populations. The data on
physical activity and body weight were
self-reported. Nonetheless, the physi-
cal activity questionnaire that we used
has been shown to be reliable and valid
in a population such as the one in this
study,25,26 and reported body weight cor-
relates well with measured body
weight.43 Finally, if physical activity
were much less precisely reported than
body weight, this might partially ac-
count for the stronger associations seen
for BMI.

Strengths of the present study in-
clude a large number of healthy women
participants with comprehensive mea-
surements of both novel and tradi-
tional cardiovascular biomarkers. Ad-
ditionally, detailed information on
cardiovascular risk factors was avail-
able, allowing for the control for po-
tential confounding by these factors.
Finally, few previous studies have ex-
amined physical activity and BMI jointly
with regard to their influence on car-
diovascular biomarkers.

In sum, both lower levels of physi-
cal activity and higher levels of BMI
were strongly and independently asso-
ciated with adverse inflammatory and
lipid biomarker levels in a large popu-
lation of healthy women. While BMI
showed greater magnitude of as-
sociation with the biomarkers, a mod-
est level of physical activity (at least
1000 kcal/wk or approximately 2.5
hours of modest physical activity/
week as recommended by guidelines)
was significantly associated with more
favorable biomarker profiles, even in
overweight or obese individuals. How-
ever, the most favorable inflammatory
and lipid levels were found in women
who had at least moderate physical ac-
tivity levels and were normal weight.
With the growing epidemics of over-
weight/obesity and physical inactiv-
ity, which are particularly rising in
women and are expected to continue
to grow in the 21st century, an opti-
mal prevention strategy for diseases
linked to inflammation and lipids, such
as cardiovascular disease and diabe-
tes, should emphasize a healthy life-
style that includes regular physical ac-

tivity and a healthy diet, which are
important for attaining and maintain-
ing an optimal BMI.
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I shall tell you a great secret, my friend. Do not wait
for the last judgment, it takes place every day.

—Albert Camus (1913-1960)
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