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The Relationship Between Simple Anthropometric Indices and C-Reactive
Protein: Ethnic and Gender Differences

Scott A. Lear, Morie M. Chen, C. Laird Birmingham, and Jiri J. Frohlich

-reactive protein (CRP) is an independent risk factor for cardiovascular disease (CVD) that is strongly associated with

ndicators of body fat, yet the effect of potential confounders, such as ethnic background and gender has not been

haracterized. Our purpose was to determine the effect ethnicity and gender has on the relationship between CRP, body mass

ndex (BMI), waist circumference (WC), and waist-to-hip ratio (WHR) in men and women of Chinese and European descent.

MI, WC, WHR, and CRP were measured in European (n � 91) and Chinese (n � 91) men and women recruited from local

ospital staff. Pearson correlation coefficients were determined between CRP, age, and anthropometric measures for the

ntire cohort and stratified by ethnicity and gender. Multiple regression analyses were performed using interactions between

MI, WC, and WHR for each ethnicity and gender with CRP as the outcome. CRP levels were significantly lower in Chinese

ompared with Europeans, but this difference disappeared after correction for either BMI or WC. In women, BMI (r � .55, P <
01) and WC (r � .59, P < .01) correlated with CRP. Gender significantly interacted with WC to predict CRP after adjusting for

ge, smoking status, alcohol, and BMI (P < .05). There was a nonsignificant interaction between gender and BMI as a predictor

f CRP. Differences in CRP remained significant after adjusting for WHR. The relationship between CRP levels and BMI or WC

as similar between men and women of Chinese and European descent. Gender significantly modified the relationship

etween CRP and WC. At a WC beyond 70 cm, CRP levels increased at a greater rate in women than men.
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BESITY IS associated with numerous metabolic risk
factors and is an independent predictor of cardiovascular

isease (CVD).1,2 Recently, C-reactive protein (CRP), an in-
ammatory marker that is an independent predictor of CVD,
as been reported to be positively associated with body mass
ndex (BMI).3-6 This has led to the suggestion that obesity may
esult in low-grade inflammation. These studies indicate that
RP levels tend to be higher in women than in men, which may
ut women at increased risk.3,7 However, it is not clear whether
ender modifies the relationship between CRP and commonly
sed anthropometric measures (BMI, waist circumference
WC], and waist-to-hip ratio [WHR]).

In addition, many of these studies have been limited to men
nd women of European origin. Recent studies have demon-
trated that the relationship between anthropometric measures
nd CVD risk factors differs between men and women of
uropean and Chinese descent.8-10 At a given BMI or WC,
hinese men and women have higher values of various CVD

isk factors than their European counterparts. With the increas-
ng prevalence of obesity in Chinese populations, there may be
concomitant increase in CVD risk.11 Currently, no study has

eported CRP values in a Chinese cohort, nor is it known
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hether ethnic background alters the relationship between an-
hropometric measures and CRP.

As BMI, WC, and WHR are routinely used to identify those
t increased risk for CVD, understanding the effect of ethnicity
nd gender on the relationship with various CVD risk factors is
ssential for effective screening. We have previously reported
hinese origin to be a significant determinant of established
VD risk factors (lipids, insulin, glucose levels).8 In the current

eport, we report the effect ethnicity and gender has on the
elationship between CRP with BMI, WC, and WHR in men
nd women of Chinese and European descent.

MATERIALS AND METHODS

Apparently healthy men and women were recruited from hospital
taff, students, volunteers, and their friends who answered posted study
dvertisements. Those over 18 years of age and either of European or
hinese descent (all known ancestors of either European or Chinese
rigin) were eligible. Individuals were excluded if they had increased
bdominal girth not related to increased adiposity (ie, pregnancy,
eritoneal dialysis, or ascites). A sample size of convenience was
imited to 100 participants of each ethnicity. Participants with previous
VD, taking medications known to affect CRP levels, or using lipid-

owering therapy were excluded from analysis; those with untreated
yperlipidemia or untreated hyperglycemia were not excluded. All
articipants read and provided informed consent (approved by the
rovidence Health Care Ethics Committee).
Participants were assessed for BMI, WC, and hip circumference

HC) and provided a fasting blood sample (frozen at �70°C until
nalyzed) to be analyzed for plasma CRP, total cholesterol (TC),
DL-cholesterol (LDL-C), HDL-cholesterol (HDL-C), and triglycer-

des (TG). Weight was measured to the nearest 0.1 kg on a balance
eam scale without shoes and pockets emptied. Height was measured
t the same time to the nearest 0.5 cm. BMI was calculated by dividing
eight (kilogram) by height (meter) squared. WC was measured (to the
earest 0.1 cm) over the skin at the point of maximal narrowing of the
runk following a normal expiration. HC was measured (to the nearest
.1 cm) over undergarments at the point of greatest gluteal protuber-
nce. WHR was calculated by dividing WC by HC. Participants were
nterviewed regarding medical history, smoking status (smoker or
onsmoker), alcohol consumption (yes or no), medications, activity
2003 Elsevier Inc. All rights reserved.
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(HRT) (yes or no) and oral contraceptives (yes or no). Serum CRP was
measured using high sensitivity chemi-illuminescence on an Immulite
1, with a sensitivity of 0.2 mg/L. Serum TC, HDL-C, TG, glucose, and
insulin were measured using standard procedures in a certified clinical
laboratory. LDL-C was calculated using the Friedewald equation.12

Due to skewness, CRP and TG were log transformed before statis-
tical analyses. Comparison between ethnicity and gender was made by
an independent 2-tailed t test. Pearson correlation coefficients were
determined for CRP versus age, BMI, WC, HC, and WHR for the entire
cohort and stratified by ethnicity and gender. Multiple linear regression
analyses were conducted with transformed CRP as the dependent
variable and interaction terms derived from pairs between ethnicity or
gender with BMI, WC, or WHR as the independent variable. If the
interaction term was not a significant predictor, then further regression
analyses were performed with either ethnicity or gender and the an-
thropometric measures as separate independent variables. Adjustment
was made for potential confounders (age, smoking status, and alcohol).
Data are reported as means and standard deviations except for CRP and
TG, which is presented as median and range. Statistics were performed
using SPSS version 10.0 (SPSS, Chicago, IL) software with P set at .05
for significance.

RESULTS

Eleven participants were excluded as CRP levels were not
available, 5 were taking either ASA or lipid-lowering therapy
and 2 had pre-existing CVD resulting in 91 European (39 men
and 52 women) and 91 Chinese (44 men and 47 women)
participants. One participant had diagnosed diabetes and an-
other had elevated blood glucose, as they were not taking
hypoglycemic agents, they were included in the analysis. A
total of 12 participants reported smoking and 113 reported
drinking alcohol. There were no differences in smoking status
between the Chinese and European participants or between
men and women. Significantly more European participants
reported drinking alcohol than Chinese, 88% versus 37%, P �

.001, respectively. Over 75% of participants reported being
active at least once per week, and 42% reported being active
more than 3 times per week. Activity levels were the similar
between men and women, but there was a trend for Chinese
men and women to be less active than their European counter-
parts (data not shown). Six women reported using HRT, 13
using oral contraceptives, and 25 were postmenopausal. The
proportion of women using either HRT or oral contraceptives
was similar between the Chinese and European women as was
the proportion of postmenopausal women.

Table 1 shows the Pearson correlation coefficients for CRP
with age, BMI, WC, and WHR for the entire cohort and
stratified by ethnicity and gender. BMI and WC were strongly
correlated with CRP levels, while age and WHR were only
weakly correlated with CRP levels for the entire cohort. BMI
and WC were strongly correlated with CRP in women regard-
less of ethnicity.

Chinese women had significantly lower BMI, WC, HC, and
CRP levels than European women (Table 2). Levels of CRP
were no longer significantly different between Chinese and
European women after adjustment for either BMI or WC.
Chinese men had significantly lower BMI, WC, HC, and WHR
than European men. European women had significantly lower
WC and WHR and greater HC than European men, while age,
BMI, and CRP were similar. Chinese women had significantly
lower WC and WHR and were older than Chinese men, while
HC, BMI, and CRP were similar.

When combined, Chinese men and women had significantly
lower CRP levels compared with European men and women:
median 0.36 mg/L (range, 0.11 to 20.20) versus 0.69 mg/L
(range, 0.11 to 9.91) P � .05, respectively). Ethnicity did not
interact with BMI, WC, or WHR to predict CRP levels when
stratified by gender or for the entire cohort combined. In

Table 1. Pearson Correlations Coefficients for Age, BMI, WC, and Transformed CRP Levels for the Entire Cohort

and Stratified by Gender and Ethnicity

All
(N � 182)

Women Men

All
(n � 99)

European
(n � 52)

Chinese
(n � 47)

All
(n � 83)

European
(n � 39)

Chinese
(n � 44)

Age 0.17* 0.14 0.17 0.14 0.19 0.40* 0.01
Body mass index 0.44† 0.55† 0.62† 0.35* 0.21 0.17 0.18
Waist circumference 0.43† 0.59† 0.66† 0.40† 0.28* 0.27 0.21
Waist-to-hip ratio 0.17* 0.27† 0.42† 0.16 0.28† 0.26 0.26

*P � .05, †P � .01.

Table 2. Age, Anthropometry, and CRP Levels Stratified by Gender Within Each Ethnic Group

European Chinese

Women (n � 52) Men (n � 39) Women (n � 47) Men (n � 44)

Age 41.0 � 11.4 38.9 � 9.9 41.6 � 13.5 34.8 � 11.1
BMI (kg/m2) 27.1 � 5.8 25.6 � 3.8 23.1 � 3.0† 23.4 � 2.9†‡
Waist circumference (cm) 82.2 � 12.5 89.3 � 9.9§ 74.4 � 7.2† 80.2 � 7.3†�

Hip circumference (cm) 106.3 � 10.6 99.9 � 5.6� 95.0 � 6.3† 93.7 � 5.2†
Waist-to-hip ratio 0.77 � 0.07 0.89 � 0.07� 0.78 � 0.05 0.85 � 0.05*�

Median CRP (mg/L) (range) 0.72 (0.17 to 9.91) 0.63 (0.11 to 7.25) 0.33 (0.11 to 8.79)* 0.36 (0.12 to 20.20)

*P � .01, †P � .001 compared with European counterparts of same gender (independent samples t test). ‡P � .05, §P � .01, �P � .001
compared with women of same ethnicity (independent samples t test).
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addition, BMI, WC, and HC were lower in the Chinese men
and women (data not shown). Ethnicity was not a significant
predictor of CRP levels after adjusting for either BMI or WC,
but was a significant predictor independent of WHR after
adjusting for age, smoking status, and alcohol in women only.

As ethnic background was not a predictor of CRP levels
independent of BMI or WC, the results of men and women
were combined and analyzed across gender (Table 3). Men
were significantly younger, had higher WC and WHR and
lower HC and HDL-C than women, but similar CRP levels.
There were no differences in CRP levels between women using
HRT or oral contraceptives and those who were not (data not
shown). Postmenopausal women had significantly higher CRP
levels than those who were not: median 0.95 mg/L (range, 0.22
to 8.79) versus 0.41 mg/L (range, 0.11 to 9.91) P � .05.
However, this was no longer significant after adjusting for
either BMI or WC.

Figure 1 displays the relationship between the anthropomet-
ric measures and CRP levels stratified by gender. The interac-
tion between gender and WC was a significant predictor of
CRP levels (P � .05). The interaction remained significant
after adjusting for age, smoking status, and alcohol. The 2
gender curves intersected at approximately 70 cm and beyond
this value, women had higher CRP levels than men. Neither the
gender/BMI or gender/WHR interaction was a significant pre-
dictor of CRP levels. Both BMI (P � .001) and WHR (P � .01)
were predictors of CRP levels independent of gender, age,
smoking status, and alcohol.

DISCUSSION

This is the first investigation comparing CRP levels in a
group of healthy Chinese men and women to those of European
origin. BMI and WC were strongly correlated with CRP levels
in Chinese women, but not men. We found CRP levels to be
significantly lower in Chinese than European men and women,
however this difference was no longer significant after adjust-
ing for either BMI or WC. After adjustment for WHR, CRP
levels remained lower in the Chinese men and women inde-
pendent of age, smoking status, and alcohol. This is explained
by lower WC and HC in the Chinese participants yet similar
WHR to the Europeans.

These findings are in contrast to earlier reports implicating
ethnicity as a significant predictor of lipids, blood glucose, and

insulin after adjusting for WC.8-11 This has led to the sugges-
tion that BMI and WC targets should be lower for Chinese men
and women to minimize CVD risk. Even though CRP levels
were correlated with BMI, WC, and WHR, ethnic background
did not appear to modify this relationship as it does with other
CVD risk factors.

As ethnic background reflects both environmental and phys-
iologic differences, differences in lifestyle must be considered.
Smoking status, HRT, and oral contraceptives use, potential
confounders of CRP levels, were no different between the
Chinese and European participants. Despite greater active al-
cohol consumption in Europeans, adjustment by alcohol did not
affect the difference in CRP levels between the 2 ethnic groups.
These results indicate that the observed differences in CRP
levels can be attributed to differences in BMI or WC, indicators
of body fat. While no other study has reported CRP levels in
those of Chinese descent, CRP levels between men of European
and South Asian descent were no longer significantly different
after adjustment for differences in WHR.13

Comparison across gender indicated a stronger association of
CRP levels with BMI and WC in women than men, accounting
for 30% and 35% of the variance, respectively. Gender signif-
icantly interacted with WC to predict CRP levels such that the
slope for this relationship was steeper in women than in men.
The interaction remained significant after adjusting for age,
smoking status, and alcohol. Based on these results, a WC
beyond approximately 70 cm was associated with higher levels
of CRP in women than in men. Gender was an independent
predictor of CRP levels after adjusting for WHR, age, smoking
status, and alcohol, indicating that at a given WHR, women
have higher CRP levels than men.

While a number of reports have described the relationship
between BMI and/or WC and CRP,5,6,14,15 only 2 previous
studies have directly compared CRP levels in men and women
to address the effect of gender.3,7 McConnell et al7 reported
CRP levels were higher in women than men independent of
age, but failed to take into account differences in anthropomet-
ric measures. Visser et al3 observed a greater proportion of
women than men with elevated CRP levels when stratified by
BMI. However, CRP values were not reported, and the impact
that BMI had on CRP levels between genders was not charac-
terized.

Our observations may be explained by women having a

Table 3. Age, Anthropometry, and CRP Levels of the Entire Cohort Stratified by Either Ethnicity or Gender

Gender

Women (n � 99) Men (n � 83)

Age 41.3 � 12.4 36.7 � 10.7*
BMI (kg/m2) 25.2 � 5.1 24.4 � 3.5
Waist circumference (cm) 78.5 � 11.0 84.5 � 9.7†
Hip circumference (cm) 101.0 � 10.4 96.6 � 6.2†
Waist-to-hip ratio 0.78 � 0.06 0.87 � 0.06†
Median CRP (mg/L) (range) 0.44 (0.11 to 9.91) 0.48 (0.11 to 20.20)
Total cholesterol (mmol/L) 4.33 � 0.87 4.20 � 0.82
LDL-C (mmol/L) 2.29 � 0.78 2.43 � 0.73
HDL-C (mmol/L) 1.58 � 0.32 1.25 � 0.23†
Median triglycerides (mmol/L) (range) 0.83 (0.39 to 3.99) 1.02 (0.28 to 3.45)

*P � .01, †P � .001 compared with women (independent samples t test).
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higher percent body fat compared with men at a given BMI.16

As the strong association between CRP levels and BMI is
speculated to be due to interleukin (IL)-6 released from adipo-
cytes, which promote CRP production by the liver,17 excess
body fat in women at a given BMI may account for the higher
CRP levels. However, the gender-BMI interaction was no
longer a significant contributor after adjustment for differences
in age. In contrast, the gender-WC interaction remained a
significant predictor of CRP levels after adjusting for known
confounders. As with BMI, our cohort of women likely has a
higher percent body fat than men for a given WC. In addition,
differences in WC are invariably due to changes in body fat,
while BMI does not discriminate between differences in mus-
cle, bone, or body fat. A point supported by the slightly
stronger correlations of WC with CRP levels than BMI.

A number of studies have indicated that women using HRT
have higher CRP levels than age-matched counterparts.5,18 In
our results, we did not find a difference in CRP levels between
the women taking oral contraceptives or HRT compared with
those who were not.

A number of possible limitations of this study exist that must
be addressed. First, we have drawn conclusions between body
fat accumulation and CRP levels based on anthropometric
measures that do not exclusively assess body fat. Previous

reports, however, have found BMI and WC to have similarly
strong correlations with CRP levels than direct measures of
body fat, such as dual energy x-ray absorptiometry and com-
puted tomography scans.5,6,14 Lemieux et al15 reported that
correlations with CRP were stronger for WC and BMI than
measures of visceral adipose tissue, but not as strong as total fat
mass in men, such that those with the highest WC or BMI had
the highest CRP levels. As BMI and WC are routinely used in
clinical settings for identifying individuals at increased CVD
risk, it is important to determine potential confounders to
ensure proper screening methods. Second, our study population
was recruited from hospital staff, students, and volunteers and
therefore, may be subject to a healthy volunteer bias. However,
this should not affect the internal validity of the study. In
addition, the anthropometric values of both the Chinese and
European cohorts are similar to those reported in previous
populations of a similar age,19,20 and our previous report of this
cohort indicated that other CVD risk factors were consistent
with reported norms.8 Third, these comparisons were made
with a relatively small sample size, and confirmation of these
findings is needed in a larger sample. Fourth, as this is a
cross-sectional study, we cannot address whether the observed
phenomenon also relates to changes in body fat accumulation
over time.

Fig 1. Comparison of the relationship of transformed CRP levels

with BMI, WC, and WHR stratified by gender (women, F and solid

line; men, E and dashed line). *P < .05,**P < .01 for Pearson corre-

lation coefficients.
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Unlike other CVD risk factors, ethnicity does not appear to
modify the relationship between BMI, WC, or WHR with CRP
levels. We found gender to be a significant modifier, such that
women with elevated WC had the highest CRP levels and may

be at greater risk for CVD. Based on this relationship with
CRP, women should maintain a lower WC than men. Indeed,
long-term epidemiologic studies suggest this and recommend
that women have a lower WC target than men.21,22
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