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Abstract

Background—~Previous studies have suggested an inverse relationship between physical activity
and markers of inflammation such as high-sensitivity C-reactive protein (hs-CRP). However, these
were inconsistent, and few examined whether race and gender influenced the relationship. This
study determined a cross-sectional association between physical activity and hs-CRP level in 6142
middle-aged white, Chinese, black, and Hispanic participants enrolled in the Multi Ethnic Study of
Atherosclerosis in 2000-2002.

Methods—Combined moderate and vigorous physical activity was measured by self-reported
leisure, conditioning, occupational, and household activities. ANCOVA was used to assess the
association between moderate/vigorous physical activity and hs-CRP by gender and race.

Results—Hs-CRP was higher in women. Blacks had the highest hs-CRP, and Chinese
participants had the lowest. Hs-CRP decreased across tertiles of moderate/vigorous physical
activity in Hispanic men in models adjusted for age, education, study site, and physical activity
questionnaire mode of administration (p=0.005) and further adjusted for smoking, infection, and
aspirin use (p=0.020). The trend remained significant after further adjustment for BMI; blood
pressure; low-density lipoprotein cholesterol; high-density lipoprotein cholesterol; diabetes; and
the use of antihypertensive, statin, and diabetes medication (p=0.044). There was a downward
trend in hs-CRP across tertiles of physical activity in black and white men, but the association was
weaker. No clear trend was observed in any female racial/ethnic groups.
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Conclusions—These findings suggest that the association between moderate/vigorous physical
activity and hs-CRP differs by race and gender. Further studies are needed to confirm this and to
examine the mechanisms for these race and gender differences.

Introduction

Methods

In general, physical activity is deemed to have a positive effect on health status and is
associated with a decreased risk of coronary heart disease (CHD).1~* It has been suggested
that the association between physical activity and reduced CHD risk may be mediated by an
anti-inflammatory effect of physical activity.>~’ The majority of investigations3°-15 have
found an inverse association between physical activity and high-sensitivity C-reactive
protein (hs-CRP). However, a few studies®17 did not find any association. In some
investigations,8-10.17-19 BMI has been reported to account for a large portion of the
association between physical activity and hs-CRP level. Further, Albert et al.8 found that in
men, but not women, strenuous aerobic activity was associated with lower hs-CRP levels.
This finding may be of some consequence, because higher hs-CRP levels have been
identified in women than in men.8:10.20.21

Previous studies of the associations between physical activity and hs-CRP were limited by
the fact that the study populations consisted mainly of whites 3511.13.14.16,17.19 Thjs js of
importance, considering that both physical activity and CRP have been shown to vary with
race/ethnicity.1020-23 |n addition, not all previous studies examining the relationship
between physical activity and hs-CRP utilized validated, detailed measures of physical
activity, and most examined only the effects of leisure-time physical activity. Also, not all
investigations included women, and the majority including women did not adjust for
hormone use. This study investigated the association between physical activity and hs-CRP,
utilizing a measure of physical activity that included leisure-time physical activity,
occupation-related physical activity, and household chore-related physical activity in male
and female participants enrolled in the Multi-Ethnic Study of Atherosclerosis (MESA). To
our knowledge, no studies have explored whether the associations between physical activity
and hs-CRP are similar for different gender and ethnic groups in a multi-ethnic cohort of
men and women such as the MESA study population.

Design and Participants

Initiated in July 2000, MESA is a multicenter study investigating the prevalence, correlates,
and progression of subclinical and clinical cardiovascular disease (CVD) in a population-
based sample of 6814 men and women aged 45-84 years.24 The MESA cohort is 47% men
and has a racial/ethnic distribution of 38% white, 28% black, 22% Hispanic, and 12%
Chinese participants. At the baseline exam in 2000-2002, participants were free from
clinical CVD and cancer.2® They were recruited from six U.S. communities: Baltimore MD,
Chicago IL, Forsyth County NC, Los Angeles County CA, New York NY, and St. Paul MN.

For the study described here, the final analyzed sample included 6142 MESA participants
after the exclusion of 672 participants (9.9%) without data for hs-CRP, physical activity
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level, or pertinent covariates such as diabetes mellitus, statin use, or hormone therapy. The
MESA study was approved by IRBs at each site, and all subjects gave written, informed
consent to participate.

Measurement of Physical Activity

Physical activity history was taken from the first examination of the MESA cohort
performed in 2000-2002. Physical activity was measured using a questionnaire adapted
from the Cross-Cultural Activity Participation Study, a community study funded under the
Community Prevention Studies of the Women's Health Initiative.28 The MESA
questionnaire inquired about physical activity levels during a typical week over the last
month prior to questionnaire administration. This questionnaire assessed self-reported light,
moderate, and vigorous physical activity in the domains of household and outdoor chores;
conditioning and sporting activities; occupational and volunteer work; and non-work-related
walking. The minutes per week of these activities were multiplied by individual MET
values; physical activity at light, moderate, and vigorous levels was expressed as MET-
minutes per week. For these analyses, the MET-minutes for both moderate and vigorous
physical activity levels were added together, and the combined total of MET-minutes was
used. Subjects were classified into gender-specific physical activity tertile levels, using the
physical activity values from the entire study population. Some of the MESA participants
were assisted with the physical activity questionnaire by MESA staff, so an additional
adjustment was made for this (described under Data Analysis).

Hs-CRP Measurement

For these analyses, hs-CRP data were taken from the first examination of the MESA cohort
performed in 2000-2002. Plasma hs-CRP was measured using the Behring nephelometer 11,
an automated immunoanalyzer.25 Hs-CRP was expressed in milligrams per liter (mg/L).
Intra-assay coefficients of variation ranged from 2.3% to 4.4%, and inter-assay coefficients
of variation ranged from 2.1% to 5.7%.

Other Measurements

Information about age, gender, ethnicity, education, and medical history was obtained by
questionnaire. A history over the past 2 weeks of fever or any one of the following
infections was self-reported: pneumonia, bronchitis, upper respiratory tract infection, urinary
tract infection, sinusitis, or tooth infection. The use of aspirin, antihypertensive medication,
statins, diabetes medication, or hormone therapy was obtained from the medical history.
Height and weight were measured with participants wearing light clothing and no shoes.
BMI was calculated as kg/m2. After a participant had been seated for 5 minutes in a quiet
room, resting blood pressure was measured three times in the seated position.2” The average
of the last two measurements was used in these analyses. High-density lipoprotein
cholesterol (HDL-C) and glucose levels were measured from blood samples collected after a
12-hour fast. Total cholesterol, HDL-C, and low-density lipoprotein cholesterol (LDL-C)
were measured. Total cholesterol was measured using a cholesterol oxidase method. HDL-C
was also measured using the cholesterol oxidase method after precipitation of non-HDL-C.
The calibration of these assays is regularly monitored by the CDC-National Heart, Lung,
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and Blood Institute (NHLBI) Lipid Standardization Program. LDL-C was calculated in
plasma specimens having a triglyceride value <400 mg/dL using the Friedewald equation.28

The presence of diabetes was based on self-reported physician diagnosis; the use of insulin,
an oral hypoglycemic agent, or both; or a fasting blood glucose value =126 mg/dL at the
MESA baseline examination. Cigarette smoking was calculated as pack-years of smoking.
Quality of the data collection was monitored by the MESA Coordinating Center and the
MESA quality control committee.

Data Analysis

Descriptive characteristics were compared across tertiles of moderate/vigorous physical
activity for men and women separately. Chi-square (for categorical variables) or ANOVA
(for continuous variables) tests were used to assess the significance of differences in hs-CRP
across moderate/vigorous physical activity levels. ANCOVA was used to assess the
association between hs-CRP and moderate/vigorous physical activity, adjusting for
covariates. Because of previously identified differences in both physical activity and hs-CRP
by gender and race/ethnicity,8:10:13.20.21.29 jnteraction terms were employed between race
and physical activity as well as gender and physical activity. Based on cross-product terms
of the interactions using dummy variables of gender or race (three dummy variables for four
racial groups) and physical activity levels (two dummy variables for three tertiles of physical
activity), the partial F-tests were applied to examine if the interactions were significant.
While the interaction between gender and physical activity was not significant, the
interaction between race and physical activity was significant at p<0.05. However, when
physical activity was treated as a continuous variable, the interaction between gender and
physical activity was marginally significant (p=0.06). Therefore, the associations between
hs-CRP and moderate/vigorous physical activity were assessed separately for each gender
and racial/ethnic group in the final analyses.

Multivariate adjusted means of hs-CRP for each tertile were computed using general linear
models (GLMs) and were compared to the lowest tertile (referent). Linear trends across the
tertiles were tested, using the significance level for coefficients for physical activity as an
ordinal variable with values ranging from 1 to 3 in GLMs. Adjustment for covariates was
done in a step-wise manner with initial adjustment for age, education, MESA study site, and
physical activity questionnaire mode of administration. Then adjustment for potential
confounders, including cigarette smoking, self-reported infection, and aspirin use, was
added to the models.

In the final analyses, further adjustment was made for potential mediators, including BMI;
systolic blood pressure; LDL-C; HDL-C; and the use of antihypertensive, statin, and
diabetes medication. An additional adjustment was made for hormone therapy in female
participants. Because the distribution of hs-CRP is skewed, sensitivity analyses were also
performed with the natural logarithm of hs-CRP as the outcome. To be conservative, the
Bonferroni correction for multiple comparisons was used with the p-value <0.05 divided by
8=0.00625. To further assess the role of BMI and hormone therapy on the association of
physical activity and hs-CRP, models were repeated with and without BMI adjustment in
each of the race- and gender-specific groups, and with and without hormone therapy
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adjustment in women. Models were also stratified between female hormone therapy users
and non-users. All analyses were conducted in 2007 using SAS version 9.1.

The study cohort was evenly distributed between men (n=3051) and women (n=3091), and
the racial distribution was the same as that of the parent MESA cohort. The mean baseline
age was 62.3 years for men and 63.4 years for women. Tables 1 and 2 show the differences
in baseline characteristics in men and women by race, stratified by tertiles of moderate/
vigorous physical activity. The majority of the baseline characteristics differed across
tertiles of physical activity, and all were entered into the final race- and gender-specific
groups measuring the association between moderate/vigorous physical activity and hs-CRP.

Mean hs-CRP was higher in women than in men (4.51 vs 2.91, p<0.0001). Hs-CRP was
highest in black participants (4.62), followed by Hispanic participants (4.14); white
participants (3.40); and Chinese participants (1.85; p<0.0001).

Unadjusted hs-CRP decreased across tertiles of moderate/vigorous physical activity in men,
but the trend was not consistent in women (Tables 1 and 2). Taking into consideration the
results from the interaction terms, as well as the known race and gender differences in hs-
CRP in the MESA cohort and other study populations,820:21.29.30 the analyses were
performed separately in each of the eight race and gender groups. After adjusting for age,
education, MESA study site, and physical activity questionnaire mode of administration, hs-
CRP decreased across tertiles of moderate/vigorous physical activity level in Hispanic men
(p=0.005; Table 3, Model 1). Hs-CRP also decreased across tertiles of moderate/vigorous
physical activity level in Hispanic men after further adjustment for smoking, infection
status, and aspirin use (p=0.020; Table 3, Model 2). The trend remained significant after
further adjustment for BMI; systolic blood pressure; LDL-C; HDL-C; diabetes; and the use
of aspirin, antihypertensive medication, statins, and diabetes medication (p=0.044; Table 3,
Model 3). Of note is the fact that the associations between moderate/vigorous physical
activity and hs-CRP in Hispanic men in Models 2 and 3 did not reach significance, using the
Bonferroni-adjusted significance level of 0.00625. There was a modest significant
downward trend in hs-CRP across tertiles of moderate/vigorous physical activity in black
and white men after adjustment for demographic covariates, but the trend did not remain
significant after further adjustment for potential confounders and mediators in Models 2 and
3. There was no association between moderate/vigorous physical activity and hs-CRP in
Chinese men (Table 3). No clear trend was observed in any of the female racial/ethnic
groups (Table 4).

Because the distribution of hs-CRP was not normal, the analyses were also performed using
the geometric mean of hs-CRP; the findings were similar to those using the arithmetic mean
(data not shown). The presence of BMI had only a minor impact on the association between
moderate/vigorous physical activity and hs-CRP. For example, the coefficients and p-values
for trend of models without and with BMI among Hispanic men were —0.61 (p=0.044) and —
0.62 (p=0.040), respectively. For women, although users of hormone therapy had higher
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mean levels of hs-CRP than non-users, the use of hormone therapy did not have an impact
on the association between moderate/vigorous physical activity and hs-CRP.

Discussion

This is the first reported examination of the association between hs-CRP and physical
activity stratified by gender and multiple ethnic groups. The findings demonstrated a trend
for an association between increasing physical activity and decreasing hs-CRP in Hispanic
males. There was also a modest downward trend in hs-CRP across tertiles of moderate/
vigorous physical activity in black and white men, although the associations were weaker.
There was no apparent association between hs-CRP level and moderate/vigorous physical
activity in Chinese men or in any of the racial/ethnic groups of women.

Strengths of this study include the extensive cardiovascular risk-factor data available in the
MESA cohort. The MESA study is a unique resource with its inclusion of a large percentage
of male and female black, Hispanic, and Chinese participants. While there are several
studies®>-15 examining the association between physical activity and hs-CRP level, the
majority were conducted in white populations, and few were stratified by gender or race.
Hs-CRP has been shown to vary by race and gender as well as by hormone therapy
use.8:10.1320.21,29.30 Gjyen these findings, as well as the race and gender differences in hs-
CRP within the MESA cohort, it was appropriate to stratify by race and gender and adjust
for hormone therapy use in female participants.

Limitations of this study include the cross-sectional study design, which precludes the
ability to make determinations about a temporal relationship between moderate/vigorous
physical activity level and hs-CRP. Additionally, the data for physical activity were self-
reported and therefore less accurate than objective measures of physical fitness. However,
the questionnaire used in the MESA study has been validated in another multi-ethnic
population, the Cross-Cultural Activity Participation Study.26:31

The magnitude of the observed differences in hs-CRP levels across tertiles of moderate/
vigorous physical activity in the MESA male participants was comparable to the magnitude
of differences reported in other study cohorts.”-8:10.11.14,19.32 The findings reported in this
study are in agreement with the identification by Albert and colleagues® of an inverse
association between physical activity level and hs-CRP in men but not in women. Pischon et
al.18 also identified a downward trend in hs-CRP across quintiles of total physical activity in
men but not in women.

Alternatively, the findings reported in this study are in contrast to those of Mora and
colleagues,9 in which there was a modest inverse association between recreational physical
activity and hs-CRP level in female participants from the Women's Health Study (WHS).
However, that trend was unadjusted. Additionally, participants in Mora et al.1® had a lower
median hs-CRP level (2.0) compared to the median hs-CRP level in MESA female
participants (2.6). The lower hs-CRP level in the WHS participants might be explained by
their younger age (mean age=54.7 years) compared to the MESA female participants (mean
age=63.4 years) and by their predominantly white race. These discrepant outcomes for the
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association between physical activity and hs-CRP are not explained by differences in
exogenous hormone use, given that Mora et al.19 adjusted for hormone therapy use and
Albert el al 8 stratified by hormone therapy use. Likewise, there was no confounding or
effect modification from hormone therapy use in these analyses.

Unlike the findings from some previous studies®-10:17-19 that BMI accounted for a large
percentage of the association between physical activity and hs-CRP, BMI was found in this
study to have only a minor impact on the association between physical activity and hs-CRP.
Similarly, the association between physical activity and hs-CRP was not mediated by BMI
in the Pravastatin Inflammation/CRP Evaluation Study cohort.®

Perhaps the lack of association between hs-CRP and physical activity in women is due to
lower levels of physical activity in women. In the majority of investigations, women have
been found to engage in lower levels of physical activity.33-37 Haase et al.33 compared
leisure-time physical activity in university students from 23 countries and found gender
differences in the majority of populations, with an overall higher percentage of men (28% vs
19%, respectively, p<0.0001) being physically active at recommended levels. Additionally,
13,004 older female participants from the Canadian National Population Health Survey
reported that they engaged less frequently in physical activity than older men,38 and older
women in the U.S. self-reported lower levels of physical activity than men.3°

The findings reported herein demonstrate that the previously identified association between
physical activity and hs-CRP in whites and blacks can also be demonstrated in Hispanics. In
contrast, there may not be an inverse association between hs-CRP and physical activity in
Chinese subjects. This difference might be due to either the lower level of hs-CRP in the
Chinese participants in MESA, resulting in lower variation in hs-CRP, or the lower self-
reported levels of physical activity in the Chinese participants.

One explanation for the lower reported levels of physical activity by the Chinese participants
might be that two thirds of them required assistance with the questionnaire, a situation that
in general leads to lower reported levels of physical activity. Perhaps additional race-related
issues led to these lower reported levels. In the assessment of leisure-time physical activity
in university students from various countries,33 students from Pacific Asian countries did
report a higher prevalence of inactivity compared to northwestern Europe and the U.S., but
there were no Chinese participants. Previous studies have identified differences in reported
physical activity level among various race groups within the U.S.22.23.26 Crespo et al.22
found that leisure-time inactivity was lower among whites (18%) than blacks (35%) and
Mexican Americans (40%). Among 1422 diabetics, blacks were less likely to engage in
leisure-time physical activity compared to whites, but Hispanics did not differ from
whites.23 While these cited studies have differing measures of physical activity levels and
variable results, it does seem clear that race influences self-reported physical activity levels
and therefore might influence the relationship between physical activity and hs-CRP.
Further evaluations in multi-ethnic study populations are needed to confirm these findings
and to evaluate their importance to clinical and population health.
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Table 2
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Selected characteristics of 3091 MESA women by tertiles of MET-minutes of moderate/
vigorous physical activity per week

Moderate/vigorous physical activity (MET-minutes/week)

Characteristics (unit)® Tertile 1(0-<2295)  Tertile 2 (2295-<5333)  Tertile 3 (5333-41400)  p.qiueb
n 1014 1027 1050
Age (years) 65.6 (9.8) 64.1(9.5)"" 60.6 (9.2)" " <0.001
Race (%) <0.001

White 311 448" 386"

Chinese 16.9 10.9°** 66"

Black 26.7 25.5 346"

Hispanic 25.4 188" 203"
Education (%) <0.001

<High school 50.6 378" 355"

Some college 23.6 30.0"*" 3577

>College 25.8 320 28.8
MESA study site (%) <0.001

Forsyth County NC 16.4 18.1 16.5

New York NY 127 16.8™ 209"

Baltimore MD 132 15.2 16.6™"

St. Paul MN 125 14.0 19.0°"

Chicago IL 16.5 19.2 17.2

Los Angeles County CA 28.7 168" 9.9°**
Physical activity questionnaire mode of administration

Self-administered (%) 50.6 704" 79.4°* <0.001
Pack-years cigarette smoking 9.3(19.4) 8.8 (17.0) 7.8 (15_5)* 0.064
Self-reported infection (%) 26.7 26.3 26.7 0.971
BMI (kg/m?) 29.0 (6.3) 28.3(6.2)" 28.7 (5.9) 0.350
SBP (mmHg) 131.4 (24.2) 127.6 (23.6)" 125.7 (22.2)*" <0.001
LDL-C (mg/dL) 117.5(33.3) 116.2 (31.1) 120.9 (31_3)** 0.012
HDL-C (mg/dl) 54.9 (14.2) 57.7 (15.7)" " 56.9 (15.5)" " " <0.001
Diabetes (%) 16.4 11.97* 11.2 <0.001
Antihypertensive use (%) 43.7 40.9 36777 0.005
Statin use (%) 19.5 15.2"** 13.6°°* <0.001
Diabetes medication use (%) 12.3 7.7 7.9°%* <0.001
Aspirin use (%) 23.6 23.1 176" 0.001
HT use (%) 28.2 345" 323" 0.009
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Moderate/vigorous physical activity (MET-minutes/week)

Characteristics (unit)® Tertile 1 (0-<2295)  Tertile 2 (2295-<5333)  Tertile 3 (5333-41,400) p—valueb

hs-CRP (mg/L) 4.9 (6.2) 413" 45 (5.8) 0.166

a S
Numbers are M(SD) unless otherwise indicated.

b . . . . . .
p -value for linear trend (based on linear regression models) for continuous variables and for the overall group comparison based on XZ tests (for
categorical variables)

*
p<0.1;

*

*
p<0.05;

* k%
p <0.01 for comparisons between the tertiles relative to the ref (Tertile 1 or lowest level) HDL-C, high-density lipoprotein cholesterol; HT,

hormone therapy; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; MESA, Multi-Ethnic Study of
Atherosclerosis; mg/dL, milligrams per deciliter; mg/L, milligrams per liter; SBP, systolic blood pressure
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Table 3
Adjusted® M hs-CRP in MESA men across tertiles of MET-minutes/week of moderate/
vigorous physical activity

Moderate/vigorous physical activity (MET-minutes/week)

Tertile 1 (<2760)  Tertile 2 (2760-<6690)  Tertile 3 (=6690) p for trendP
Number of participants
White 356 453 383
Chinese 183 127 66
Black 241 256 300
Hispanic 220 176 290
n 1000 1012 1039
Model 1
White 2.66 2.50 2.06°* 0.040
Chinese 1.95 158 1.98 0.905
Black 4.38 3.43 316" 0.049
Hispanic 456 351" 2.83"** 0.005
Model 2
White 2.58 254 2.08" 0.080
Chinese 1.96 1.60 1.91 0.839
Black 4.36 3.43 3.18" 0.057
Hispanic 4.36 3.56 2.95°* 0.020
Model 3
White 2.54 2.58 2.08 0.106
Chinese 1.93 1.67 1.86 0.868
Black 4.32 3.32 3.30" 0.106
Hispanic 423 3.63 3.02"" 0.044

Page 15

aModeI 1: adjusted for age, education, MESA study site, and physical activity questionnaire mode of administration; Model 2: further adjusted for
pack-years of cigarette smoking, infection status, and aspirin use; Model 3: further adjusted for BMI; blood pressure; low-density lipoprotein

cholesterol; high-density lipoprotein cholesterol; diabetes; and the use of antihypertensive, statin, and diabetes medication

b . . . . -
p-values for trend in hs-CRP across tertiles of moderate/vigorous physical activity

*
p<0.1;

*

p<0.05;

*%

Ethnic Study of Atherosclerosis
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Table 4

Page 16

Adjusted® M hs-CRP in MESA women across tertiles of MET-minutes/week of moderate/vigorous physical

activity

Moderate/vigorous physical activity (MET-minutes/week)

Tertile 1 (<2295)  Tertile 2 (2295-<5333)  Tertile 3 (=5333) p for trendP
Number of participants
White 315 460 405
Chinese 171 112 69
Black 271 262 363
Hispanic 257 193 213
n 1014 1027 1050
Model 1
White 5.22 4047 420" 0.036
Chinese 211 1.76 1.46 0.124
Black 6.50 5.04%* 5.12%* 0.016
Hispanic 4.92 4.87 4.45 0.366
Model 2
White 5.21 4.04"*F 421" 0.041
Chinese 2.05 1.81 1.54 0.222
Black 6.44 5.05"" 5.15"" 0.026
Hispanic 4.90 4.94 4.40 0.350
Model 3
White 4.89 4.04°F 4.45 0.381
Chinese 2.06 1.76 1.60 0.247
Black 6.42 487" 530" 0.049
Hispanic 4.72 4.94 4.62 0.862

aModeI 1: adjusted for age, education, MESA study site, and physical activity questionnaire mode of administration; Model 2: further adjusted for
pack-years of cigarette smoking, infection status, and aspirin use; Model 3: further adjusted for BMI; blood pressure; low-density lipoprotein
cholesterol; high-density lipoprotein cholesterol; diabetes; the use of antihypertensive, statin, and diabetes medication; and hormone therapy

b . . . . .
p-values for trend in hs-CRP across tertiles of moderate/vigorous physical activity

*
p<0.1;

*%

p<0.05;

*kk

p<0.01 for comparisons with Tertile 1 (lowest level) based on general linear models hs-CRP, high-sensitivity C-reactive protein; MESA, Multi-
Ethnic Study of Atherosclerosis
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