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PURPOSE: To examine the relationship between different measures of adiposity as predictors of
C-reactive protein (CRP) and interleukin-6 (IL-6) levels.
METHODS: A cross-sectional study of 733 women free from preexisting cardiovascular disease or cancer
at baseline.
MEASUREMENTS: Total adiposity, as measured by body mass index (BMI). Abdominal adiposity, as
measured by waist circumference (WC) and waist/hip ratio (WHR). High sensitivity CRP levels and IL-
6 levels.
RESULTS: BMI, WHR, and WC were all significantly correlated with CRP and IL-6, throughout the
anthropometric spectrum. After adjustment for risk factors, the odds ratios (ORs) were 12.2 (95% CI,
6.44–23.0) for elevated CRP (�75th percentile) and 4.13 (95% CI, 2.37–7.18) for elevated IL-6 (�75th
percentile) in comparisons of extreme BMI quartiles. Among women in the highest WC quartile, the
OR for elevated CRP and IL-6 were 8.57 (95% CI, 4.59–16.0) and 4.40 (95%CI, 2.46–7.89), while ORs
for the highest WHR quartile were 2.88 (95% CI, 1.60–5.19) and 1.76 (95% CI, 1.03–3.01), respectively.
Compared with lean nonusers, women in the highest BMI quartile who did not use hormone therapy (HT)
had an OR for elevated CRP of 7.79 (95% CI, 2.08–29.2) vs. 31.6 (95% CI, 7.97–125.6) for current
hormone users.
CONCLUSIONS: Indices of both total and abdominal adiposity were strongly associated with significant
increased levels of CRP and IL-6. This association was evident across the entire spectrum of BMI.
Ann Epidemiol 2003;13:674–682. � 2003 Elsevier Inc. All rights reserved.
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INTRODUCTION

The prevalence of obesity has steadily increased over the
last several decades, particularly in women (1). While much
of the cardiovascular risk attributable to obesity may be
mediated through effects on blood pressure, lipids, and glu-
cose tolerance, some of this risk may be mediated by inflam-
matory pathways. Adipocytes secrete interleukin-6 (IL-6)
(2, 3), one of the chief determinants of hepatic C-reactive
protein (CRP) production (4). Some have reported that
abdominal adipose tissue, as opposed to subcutaneous
depots, may have higher secretion levels of IL-6 (5). Higher
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levels of CRP have been reported in obese individuals
(6–8), but the relationship between CRP and body mass
index (BMI) in the normal weight range has not been well-
characterized. In addition, few studies (6) have examined
whether abdominal adiposity is associated more strongly with
CRP levels than measures of total adiposity, such as BMI.
Additionally, few studies have examined whether IL-6 medi-
ates the risk of elevated CRP associated with obesity.

The purpose of this study was to examine the association
between anthropometry and risk of elevated CRP and IL-
6 in women, using both measures of total adiposity (BMI)
as well as measures of abdominal adiposity, including waist
circumference (WC) and waist-hip ratio (WHR). In addi-
tion, we wished to determine whether the higher risk of
elevated CRP among heavier women might be mediated by
IL-6 and whether there was any potential effect modification
by postmenopausal hormone therapy (HT).

METHODS

This cross-sectional study was conducted among controls
from two plasma substudies in the Women’s Health Study,
an ongoing randomized, double-blind, placebo-controlled
1047-2797/03/$–see front matter
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trial of 39,876 female health professionals age 45 and older
designed to determine the effects of low-dose aspirin and
vitamin E in the primary prevention of cardiovascular dis-
ease and cancer. The design and cohort of the WHS
is described in detail elsewhere (9).

Women enrolled in the WHS completed a baseline
questionnaire which included questions on demographics
(age, race), health characteristics/behaviors (height, weight,
alcohol use, smoking status, physical activity, HT use)
menopause (age at menopause and type of menopause) and
past medical history (history of hypertension, diabetes melli-
tus, elevated cholesterol and use of cholesterol-lowering
drugs). Postmenopausal status was defined by self-report of
permanent cessation of menstrual periods due to natural
menopause, complete oophorectomy, radiation, or chemo-
therapy. In addition, women who reported having a hyster-
ectomy without bilateral oophorectomy were considered
postmenopausal when they reached the age at which 95%
of the population had experienced natural menopause (56
years).

During the run-in phase of the study when all participants
were taking 100 mg of aspirin every other day, blood collec-
tion kits were mailed to participants. Thus, all participants
had the same aspirin exposure at the time of blood collec-
tion. Blood samples were requested to be taken in the fasting
state if possible. Blood samples were collected in EDTA
tubes from 28,263 women (71% of the WHS total cohort)
and were stored in liquid nitrogen freezers until the time
of analysis Participants for our study were comprised of
controls from two separate substudies. 576 subjects were
controls in a study of inflammatory markers and risk of
diabetes mellitus (10) and were required not to have a prior
history of diabetes before study entry. They were matched
to cases by age and whether the samples were taken in the
fasting state. In addition, 244 subjects were controls from
a study of inflammatory markers and cardiovascular disease
(11). These women were matched to cases with cardiovascu-
lar disease by age and smoking status.

Exposure Variables

BMI, self-reported weight in kilograms divided by the
square of self-reported height in meters (kg/m2), was the pri-
mary measure of total adiposity in this analysis. This index
is minimally correlated with height (r � �0.03) and highly
correlated with absolute fat mass in women (r � 0.84–0.91)
(12). BMI was categorized into quartiles based on the dis-
tribution in this population. Self-reported and directly
measured weight were highly correlated (r � 0.96) in a
validation study in a similar population of female health
professionals (13).

WC and WHR were used as measures of abdominal adi-
posity. Waist and hip circumferences were provided on the
72-month questionnaire. In our study population, 80.5% of
women (622/773) provided these measurements (in the
total population, 74.1% provided these measures). Waist/
hip ratio was calculated as waist circumference divided by hip
circumference. WC and WHR were divided into quartiles
based on the distribution in the population. In a validation
study among female health professionals in the Nurses’
Health Study, women reliably reported waist circumference,
but underestimated hip circumference by an average of 0.54
inches. Crude Pearson correlation coefficients for reported
and measured circumferences for waist, hip and WHR were
0.89, 0.84, and 0.70 respectively (14). The mean change in
BMI between baseline and 72 months was 0.94 kg/m2, and
74.3% of women experienced �5 kg change in weight
during this period.

BMI and waist circumference are strongly correlated with
weight (r � 0.93 for BMI and 0.75 for waist circumference)
whereas the correlation between WHR and weight is
much weaker (r � 0.29). The correlations of BMI with waist
circumference and WHR were 0.73 and 0.29, respectively.

Laboratory Procedures

IL-6 assays were performed on thawed plasma samples using
a commercially available enzyme-linked immunoabsorbent
assay (RandD systems, Minneapolis, Minnesota). C-reactive
protein was measured using a high-sensitivity latex en-
hanced immunophelometric assay on a BN II analyzer
(Dade-Behring, Newark, Delaware) (15).

Statistical Analyses

From the cohort of 820 eligible women, women with a
history of inflammatory arthritis (dermatomyosistis, sclero-
derma, systemic lupus erythematosis, and rheumatoid arthri-
tis) were excluded (n � 10) as well as women on whom IL-6,
BMI or CRP exposure status was missing (n � 37), leaving a
total sample size of 773. The Chi square statistic was used to
test differences in proportions. Due to skewed distributions,
natural logarithm transformations of CRP and IL-6 were
performed before calculating correlation coefficients. The
Jonckheere-Terpstra test (16) was used to test ordered differ-
ences in medians across anthropometric quartiles. Quartiles
of inflammatory markers were calculated, and those in the
highest quartile of CRP (�0.59 mg/dl) and IL-6 (�2.05
pg/ml) were defined as having elevated levels. Linear regres-
sion was used to model the relationship between continu-
ous measures of inflammatory markers and other risk factors.
Logistic regression was used to obtain quartile specific esti-
mates while simultaneously adjusting for age, smoking, BMI,
physical activity, alcohol consumption, HT, as well as his-
tory of hypertension, diabetes mellitus, and elevated cho-
lesterol. Since randomized treatment assignments to vitamin
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E and aspirin were not associated with baseline levels of
plasma markers, these were not included in the models.

RESULTS

The characteristics of women with elevated CRP levels
(�75th percentile: �0.59 mg/dl) are presented in Table 1.
Women with elevatedCRP had higher BMI, WC, and WHR.
In addition, they were more likely to be current HT users
and to have a history of hypertension. Women with elevated
IL-6 (�75th percentile: �2.05 pg/ml) had higher BMI, WC,
and WHR, and were more likely to smoke and less likely
to use HT. They were also more likely to have a history
of hypertension.

Figure 1 shows the relationship of CRP with BMI and IL-
6 throughout the BMI spectrum. Age-adjusted CRP levels
(natural log transformed) were strongly correlated with BMI
and waist circumference (r � 0.42 [p � 0.0001] and 0.33
[p � 0.0001], respectively), but more weakly correlated with
WHR (r � 0.18 [p � 0.0001]). Likewise, the correlations
with IL-6 (natural log transformed) were stronger for BMI
and waist (r � 0.33 [p � 0.0001] and 0.29 [p � 0.0001] re-
spectively) than WHR (r � 0.16 [p � 0.0001]). When
median levels of CRP and IL-6 were examined by BMI
quartiles, there was a strong, direct association with higher
levels of both inflammatory markers in each BMI quartile
(p trend � 0.0001) (Table 2). The median CRP level was
more than 4-fold higher in the highest than the lowest BMI
quartile. Median levels of CRP also increased steadily across
WC quartiles and WHR quartiles (p trend � 0.0001 for
both). Median IL-6 levels also increased steadily across in-
creasing BMI, WC, and WHR quartiles (p trends 0.0001
for each).

Median CRP levels were markedly higher (P � 0.0001)
and IL-6 levels were lower (p � 0.04) among HT users than
nonusers. As shown in Figures 2a and 2b, CRP and IL-6
levels increased across BMI quartiles for HT users (p trends �
0.0001 for CRP and IL-6) and nonusers (P trends � 0.001
for CRP and IL-6 across quartiles).

Multivariate models predicting the risk of elevated CRP
or IL-6 were performed to adjust for multiple covariates
(Table 3). For elevated CRP, women in the highest BMI
quartile had an OR of 8.47 (95% CI, 4.82–14.9) after adjust-
ment for age, compared with women in the lowest BMI
quartile. Adjustment for additional covariates, including
TABLE 1. Baseline characteristics of the population according to CRP and IL-6 status

Normal CRPa Elevated CRPa Normal IL-6b Elevated IL-6b

Characteristic (n � 576) (n � 197) P value* (n � 579) (n � 194) P value*

Mean age � SD 56.5 � 7.8 56.3 � 7.8 0.73 56.2 � 7.5 57.3 � 8.5 0.12
Mean BMI � SD 24.7 � 4.2 28.7 � 6.0 0.0001 24.9 � 4.1 28.3 � 6.4 0.0001
Mean WHR � SD 0.83 � 0.08 0.86 � 0.09 0.0003 0.83 � 0.08 0.86 � 0.09 0.004
Mean waist � SD 34.1 � 5.2 37.9 � 6.1 0.0001 34.3 � 5.3 37.4 � 6.3 0.0001
Postmenopausal % 63.2 66.0 0.48 63.0 66.5 0.39
Smoking %

Never 52.4 44.7 0.07 52.0 45.9 0.004
Past 33.9 35.5 35.2 31.4
Current 13.7 19.8 12.8 22.7

Hormone replacement therapy use %
Never 47.2 29.4 0.001 40.4 49.5 0.02
Past 11.8 12.2 11.2 13.9
Current 41.0 58.4 48.4 36.6

Physical activity %
�1/wk 57.3 62.9 0.09 54.9 70.1 0.001
1–3 x/wk 30.0 30.0 32.8 21.7
4� x/wk 12.7 7.1 12.3 8.3

Alcohol consumption %
Rarely/never 54.5 63.5 0.07 55.1 61.9 0.16
Monthly 35.1 26.4 34.7 27.3
Weekly 10.4 10.2 10.2 10.8

Family history of CHD % 14.0 11.5 0.37 13.5 12.9 0.84
History of diabetes % 0.35 0.51 1.00 0.35 0.52 1.00
History of hypertension % 23.8 38.3 0.001 23.1 40.8 0.001
History of elevated cholesterol % 27.1 33.7 0.08 27.3 33.0 0.13
Use of cholesterol-lowering drugs % 4.7 2.9 0.25 4.2 3.1 0.49
aNormal CRP defined as �75th percentile. Elevated CRP defined as �75th percentile (�0.59 mg/dl).
bNormal IL-6 defined as �75th percentile. Elevated IL-6 defined as �75th percentile (�2.05 pg/ml).
*P values from t-test for continuous variables and chi square for categorical variables. Fisher’s exact test (2-tailed) used for diabetes, given small cell size.
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FIGURE 1. Linear regression lines for logarithm-transformed inflammatory biomarkers against body-mass index. Age-adjusted relationships
are shown in black; fully adjusted associations are show in gray. Fully adjusted models include age, smoking status, history of hypercholesterol-
emia, history of hypertension, diabetes, exercise frequency, alcohol consumption, and hormone replacement use.
smoking, HT use, menopausal status, alcohol use, physical
activity, history of elevated cholesterol, use of choles-
terol-lowering drugs, hypertension and diabetes, augmented
the association slightly for CRP, due to an inverse associa-
tion between HT use and BMI; the odds of having an elevated
CRP were 12.2 (95% CI, 6.44–23.0) for comparison of
extreme BMI quartiles. In multivariate-adjusted linear
models of CRP (Figure 1a), each unit (kg/m2) of BMI was
associated with a parameter estimate of 0.11 (p � 0.0001).
Additional adjustment for IL-6 resulted in a modest attenua-
tion of the association, with women in the highest BMI
quartile having an OR of 9.20 (95% CI, 4.69–18.1) for
elevated CRP, suggesting that the risk of increased CRP
with obesity is mediated at least partially by IL-6. Adjust-
ment for WC quartiles also attenuated but did not eliminate
the association.
TABLE 2. Median (and interquartile range) of inflammatory marker levels by BMI quartile

BMI Quartile 1 BMI Quartile 2 BMI Quartile 3 BMI Quartile 4
(�22.4) (22.4–�24.6) (24.6–�28.3) (�28.3)

Number 193 192 194 194 p trend*

CRP 0.12 0.18 0.31 0.54
(0.05–0.32) (0.09–0.40) (0.14–0.61) (0.25–0.87) 0.0001

IL-6 1.08 1.18 1.38 1.80
(0.84–1.60) (0.81–1.72) (0.96–2.09) (1.26–2.49) 0.0001

Waist Quartile 1 Waist Quartile 2 Waist Quartile 3 Waist Quartile 4
(�31 in) (31–�34 in) (34–�39 in) (�39 in)

Number 129 148 180 165 p trend

CRP 0.11 0.21 0.28 0.54
(0.05–0.32) (0.10–0.50) (0.12–0.57) (0.25–0.88) 0.0001

IL-6 1.06 1.21 1.26 1.84
(0.80–1.62) (0.80–1.63) (0.95–1.77) (1.32–2.62) 0.0001

WHR Quartile 1 WHR Quartile 2 WHR Quartile 3 WHR Quartile 4
(�0.78) (0.78–�0.84) (0.84–�0.90) (�0.90)

Number 149 160 155 157 p trend

CRP 0.19 0.19 0.35 0.40
(0.07–0.47) (0.07–0.50) (0.15–0.65) (0.16–0.77) 0.0001

IL-6 1.24 1.15 1.40 1.55
(0.82–1.79) (0.86–1.59) (0.98–2.11) (1.14–2.38) 0.0001

*p trend by the Jonckheere-Terpstra test.
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Waist circumference quartiles were also strongly associ-
ated with odds of elevated CRP. In multivariate-adjusted
models, women in the highest WC (�39 inches) had an
odds of elevated CRP of 8.57 (95% CI, 4.59–16.0). Addi-
tional adjustment for BMI eliminated an independent effect.
When WHR quartiles were examined, women in the high-
est WHR quartile (�0.90) had a multivariate-adjusted odds
of 2.88 (95% CI, 1.60–5.19) for elevated CRP; this was no
longer significant after adjustment for BMI.

With regard to IL-6, BMI was also strongly associated
with elevated levels (Table 3). After adjustment for age,
women in the highest quartile had an OR of 4.33 (95% CI,
2.62–7.15) for elevated IL-6. In age-adjusted linear models,
each unit of BMI was associated with a parameter estimate
of 0.05 (p � 0.0001) for IL-6. Adjustment for the additional
covariates listed above, attenuated the results slightly with
an OR of 4.13 (95% CI, 2.37–7.18) for elevated IL-6 among
women in the highest BMI quartile. Additional control for
WC quartiles had little effect on the risk estimates. Waist
circumference was also associated with elevated IL-6.
Women in the highest waist quartile had a multivariate-
adjusted odds of 4.40 (95% CI, 2.46–7.89) for elevated IL-
6 which was somewhat attenuated after adjustment for BMI.
Women in the highest WHR quartile had only a modestly
higher risk of elevated IL � 6 (OR 1.76 [1.03–3.01]).

Since HT use has been shown to increase CRP levels
and HT users also tend to have lower BMI, we stratified
our results by HT use (Table 4). Current HT users were at
higher risk of having elevated CRP levels, but at reduced
risk of having elevated IL-6 levels. In stratified analyses
among postmenopausal women with lean nonusers as the
referent group, nonusers in the highest BMI quartile had a
multivariate OR for elevated CRP of 7.79 (95% CI, 2.08–
29.2) while current hormone users had an OR of 31.6
TABLE 3. Adjusted odds ratios for elevated CRP and IL-6 levels according to body mass index (BMI) quartiles, waist circumference
quartiles, and waist/hip ratio quartiles

Elevated CRP Elevated IL-6

Model 1a Model 2b Model 3c Model 4d Model 1a Model 2b Model 3c Model 4d

Number total 773 767 767 617 773 767 767 617
Number elevated 197 195 195 159 194 191 191 151

BMI quartile 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
BMI quartile 2 2.16 2.80 2.78 3.36 1.60 1.86 1.47 1.82

(1.18–3.97) (1.47–5.33) (1.40–5.54) (1.56–7.25) (0.94–2.74) (1.06–3.28) (0.80–2.71) (0.95–3.49)
BMI quartile 3 3.75 4.43 3.89 5.50 2.07 2.17 1.21 2.21

(2.10–6.68) (2.38–8.26) (2.01–7.52) (2.58–11.7) (1.23–3.49) (1.25–3.79) (0.66–2.22) (1.16–4.24)
BMI quartile 4 8.47 12.2 9.20 15.3 4.33 4.13 1.55 4.17

(4.82–14.9) (6.44–23.0) (4.69–18.1) (6.92–33.8) (2.62–7.15) (2.37–7.18) (0.83–2.90) (2.14–8.15)

Number total 622 617 617 617 622 617 617 617
Number elevated 161 159 159 159 153 151 151 151

Waist quartile 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Waist quartile 2 1.37 2.30 2.10 1.24 1.11 1.48 0.96 1.17

(0.69–2.70) (1.24–4.27) (1.08–4.08) (0.62–2.46) (0.59–2.09) (0.81–2.71) (0.50–1.86) (0.61–2.24)
Waist quartile 3 2.22 1.80 1.69 0.69 1.19 1.29 0.92 0.89

(1.19–4.15) (0.95–3.41) (0.86–3.33) (0.33–1.46) (0.65–2.16) (0.71–2.36) (0.48–1.76) (0.45–1.79)
Waist quartile 4 6.33 8.57 5.53 2.04 4.32 4.40 1.73 2.57

(3.45–11.6) (4.59–16.0) (2.85–10.7) (0.90–4.62) (2.45–7.63) (2.46–7.89) (0.89–3.36) (1.19–5.55)

Number total 621 616 616 616 621 616 616 616
Number elevated 161 159 159 159 153 151 151 151

WHR quartile 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
WHR quartile 2 1.19 1.26 1.48 1.06 0.67 0.56 0.46 0.51

(0.67–2.11) (0.68–2.31) (0.77–2.86) (0.56–2.02) (0.38–1.20) (0.30–1.03) (0.24–0.90) (0.27–0.95)
WHR quartile 3 2.21 2.22 2.32 1.29 1.26 1.03 0.66 0.76

(1.28–3.80) (1.24–3.97) (1.24–4.34) (0.69–2.42) (0.74–2.14) (0.59–1.80) (0.36–1.22) (0.42–1.36)
WHR quartile 4 2.52 2.88 2.41 1.60 1.98 1.76 1.07 1.30

(1.48–4.32) (1.60–5.19) (1.28–4.53) (0.85–3.01) (1.19–3.31) (1.03–3.01) (0.59–1.95) (0.74–2.28)
aModel 1: adjusted for age.
bModel 2: adjusted for age, smoking, HRT use, menopausal status, alcohol (3 categories), physical activity (�1/wk, 1–3 x/wk, � 4/wk), history of elevated cholesterol, use of
lipid lowering drugs, diabetes, and hypertension.

cModel 3: adjusted for variables in model 2, as well as ln IL-6 for CRP models, and ln CRP for IL-6 models.
dModel 4: adjusted for variables in model 2, as well as BMI quartiles for waist and WHR models, and waist circumference for BMI models.
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TABLE 4. Adjusted oddsa of elevated CRP and IL-6 by BMI, WHR and waist quartiles among postmenopausal women, stratified by
HRT use

Elevated CRP

BMI quartile 1 BMI quartile 2 BMI quartile 3 BMI quartile 4

HRT Nonusers 1.0 (Referent) 2.99 (0.73–12.2) 3.14 (0.80–12.4) 7.79 (2.08–29.2)
HRT Users 3.18 (0.83–12.1) 6.85 (1.83–25.6) 10.7 (2.92–39.5) 31.6 (7.97–125.6)

Waist quartile 1 Waist quartile 2 Waist quartile 3 Waist quartile 4

HRT Nonusers 1.00 (Referent) 1.45 (0.62–3.43) 0.39 (0.14–1.09) 2.31 (1.07–4.99)
HRT Users 1.14 (0.54–2.41) 1.69 (0.81–3.56) 2.27 (1.05–4.89) 7.62 (3.20–18.2)

WHR quartile 1 WHR quartile 2 WHR quartile 3 WHR quartile 4

HRT Nonusers 1.00 (Referent) 0.37 (0.12–1.14) 0.74 (0.31–1.78) 0.99 (0.47–2.08)
HRT Users 0.95 (0.44–2.08) 1.15 (0.54–2.44) 2.26 (1.14–4.47) 2.92 (1.35–6.31)

Elevated IL-6

BMI quartile 1 BMI quartile 2 BMI quartile 3 BMI quartile 4

HRT Nonusers 1.00 (Referent) 1.60 (0.60–4.27) 2.40 (0.94–6.14) 4.71 (1.85–12.0)
HRT Users 0.83 (0.31–2.27) 1.51 (0.57–3.99) 1.48 (0.56–3.89) 2.93 (1.05–8.18)

Waist quartile 1 Waist quartile 2 Waist quartile 3 Waist quartile 4

HRT Nonusers 1.00 (Referent) 1.54 (0.68–3.47) 1.11 (0.52–2.34) 4.59 (2.16–9.73)
HRT Users 0.64 (0.29–1.42) 1.00 (0.44–2.24) 0.83 (0.35–1.99) 2.94 (1.26–6.89)

WHR quartile 1 WHR quartile 2 WHR quartile 3 WHR quartile 4

HRT Nonusers 1.00 (Referent) 0.56 (0.22–1.41) 0.90 (0.41–1.99) 1.85 (0.95–3.60)
HRT Users 0.49 (0.21–1.16) 0.62 (0.27–1.38) 0.93 (0.45–1.93) 1.11 (0.49–2.51)
aAdjusted for age, smoking, HRT use, alcohol (rarely/never, 1–3/month, 1–6/week, �1/day), physical activity (�1/wk, 1–3 x/wk, �4/wk), history of elevated cholesterol, use
of lipid lowering drugs and hypertension.
(95%CI, 7.97–125.6). Likewise, women in the highest waist
quartile had a higher odds ratio of elevated CRP if they
were current users (OR � 7.62, 95% CI 3.20–18.2) than
nonusers (OR � 2.31, 95% CI 1.07–4.99). In contrast, the
relationship between BMI and IL-6 was slightly weaker
among women using HT than those not using HT. Nonusers
in the highest BMI quartile had an OR of 4.71 (95%CI,
1.85–11.9) compared with 2.93 (95% CI, 1.05–8.18) for
current HT users. For women in the highest WC quartile,
nonusers had an OR of 4.59 (95% CI, 2.16–9.73) compared
with 2.94 (95% CI, 1.26–6.89) for current HT users.

DISCUSSION

We found that both CRP and IL-6 levels were strongly
correlated with BMI, not just at higher levels but throughout
the full spectrum of BMI. Both inflammatory markers were
also strongly associated with waist circumference, but
more weakly associated with WHR. Risks associated with
measures of abdominal adiposity were not independent of
total adiposity, as measured by BMI. Among the adiposity
measures that we studied, BMI was the strongest predictor
of elevated inflammatory markers. The associations with
BMI were dramatic; women in the highest BMI quartile
(BMI � 28.3 kg/m2) had a more than 12-fold increased risk
of having elevated CRP levels and a more than 4-fold in-
creased risk of elevated IL-6 levels; nonetheless higher CRP
and IL-6 levels were observed with each increment in BMI.

CRP levels were substantially higher in HT users, but
increased across BMI quartiles in both HT users and nonus-
ers. The highest CRP levels were seen among women who
both used HT and also were in the highest BMI quartile.
Compared with lean women who did not use HT, women
in the highest BMI quartile had a 7-fold increased risk of
elevated CRP if they did not use hormones and a more than
30-fold increased risk if they were current users. In contrast,
IL-6 levels were relatively similar among HT users and non-
users, with a tendency toward lower risk of elevated IL-6
levels among women taking HT.

The increased risk of elevated CRP and IL-6 with higher
BMI has potentially important clinical implications. The
cutpoints that we used for elevated CRP are similar to
those previously reported from our cohort which were associ-
ated with a four-fold increased risk of cardiovascular disease
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(11) and diabetes (10). Elevated IL-6 levels have been asso-
ciated with a more than two-fold increased risk of subse-
quent myocardial infarction (11, 17) and diabetes (10).

Adipocytes secrete IL-6 (2, 3), one of the chief determi-
nants of CRP production by the liver (4). Approximately
30% of circulating IL-6 is estimated to be from adipose
tissue (3). Some research has suggested that omental adi-
pose tissue secretes more IL-6 (5) and tumor necrosis factor
(18), another proinflammatory mediator, than subcutaneous
adipose tissue. However, we found that BMI was the measure
most strongly associated with CRP. Whether the same cut-
points for clinically important elevated CRP should be used
for obese women and for women on HT has not been
fully resolved.

Relatively few studies have compared measures of adipos-
ity and CRP levels in women. In a cross-sectional study of
107 men and women, CRP was more strongly correlated
with BMI than WHR, whereas IL-6 was more strongly
correlated with WHR than BMI (19). In a Dutch study,
the age-adjusted correlations for CRP were 0.54 for BMI,
0.55 for WC, and 0.33 for WHR in women (20). In the
largest study, Visser et al. found higher odds ratios for el-
evated CRP per standard deviation of BMI than for WHR
in women (6). Correlations of IL-6 with different adiposity
measures have not been well-studied. We found that BMI
was the adiposity measure most strongly correlated with
CRP and IL-6, although waist circumference was also associ-
ated with both inflammatory markers.

Several studies have reported higher CRP levels among
men and women with increasing BMI (8, 20–23). The asso-
ciations between CRP and BMI may be stronger in women
than men (6). HT users have been shown to have higher
CRP levels in several studies (7, 24, 25). In a recent report,
Barinas-Mitchell et al. found that women who used HT and
were in the highest quartile of visceral fat had the highest
CRP levels. Correlations of CRP with measures of body
fat and body fat distribution were stronger among women
not taking HT than among HT users (26). Likewise in the
Postmenopausal Estrogen/Progestin Interventions (PEPI)
Study, treatment with HT diminished the correlation be-
tween BMI and CRP (24). We also found that BMI, WC,
and WHR were associated with increased risk of elevated
CRP in both users and nonusers.

Our findings of higher CRP but not IL-6 levels in HT
users supports the hypothesis that HT increases CRP levels
independently of IL-6 (27). Our results differ slightly from
another study that examined the cross-sectional relationship
between IL-6, BMI, and HT. Straub et al. also found that
women taking HT had lower IL-6 levels than women
not taking HT, but BMI was correlated with IL-6 only
among women not taking HT (28). We continue to find a
relationship between BMI and IL-6 regardless of HT use,
although it was more prominent in nonusers. An IL-6–
independent first pass effect of estrogens on hepatic CRP
production has been suggested (29). Transdermal estrogens
have not been associated with elevated CRP (30, 31), but
only 7.5% of our population used transdermal estrogens.

Our study has several strengths. We compared different
measures of adiposity with CRP and IL-6 levels and exam-
ined interactions by HT-use status. We used a high sensitiv-
ity CRP assay that has been suggested as a possible screening
tool (32). We had detailed covariate information about
factors that have been associated with inflammatory mark-
ers. None of the women had known cardiovascular disease
at the time of CRP measurement.

We are limited by having only single measures of CRP
and IL-6 and by samples not being obtained at a uniform
time of day; however, these single measures have been asso-
ciated with significantly increased risk of cardiovascular dis-
ease (11, 17) and diabetes (10). In addition, the weaker
association of abdominal adiposity measures with inflamma-
tory markers could possibly be due to measurement issues.
Measures of regional fat distribution were available only
several years after the measurement of CRP; however, 74%
of the women in our population had �5kg weight change
between the baseline questionnaire and WHR ascertain-
ment. Redistribution of body fat may have occurred even
among those who maintained relatively constant weights.
In addition, there may be greater measurement error and
misclassification associated with self-measured waist and hip
than weight and height.

Our study cannot determine whether obesity causes ele-
vated CRP levels directly, or whether higher CRP levels
are a marker of other intermediate conditions such as athero-
sclerosis or insulin resistance which influence the underlying
burden of inflammation among overweight and obese indi-
viduals. Clinicians should be aware that obese individuals
are at substantially increased risk of having an elevated CRP;
whether CRP and IL-6 remain independently predictive of
cardiovascular disease and diabetes mellitus among obese
individuals remains unclear. The associations of BMI with
HT are additive, such that the highest CRP levels were
observed among women who were both obese and used HT.
Weight loss in obese women has been shown to decrease
CRP levels (33, 34). Whether weight loss will result in
reduced cardiovascular risk associated with CRP has not
been determined.
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