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Abstract.
OBJECTIVES: This study evaluated associations of various anthropometric measures of adiposity with a panel of inflammatory
and oxidative stress markers in a relatively lean population of Chinese women.
METHODS: This analysis included 1,005 Chinese women aged 40–70 years. Plasma concentrations of inflammatory and ox-
idative stress markers were measured. Anthropometric measurements were taken by trained interviewers.
RESULTS: Body mass index (BMI), waist circumference (WC), and waist-to-height ratio (WHtR) were all positively and lin-
early associated with the inflammatory markers, CRP, TNF-α, soluble TNF-receptor 1 (sTNF-R1), and IL-6. A significant posi-
tive association of these measures of adiposity with the oxidative stress marker F2-IsoP-M, a metabolite of F2-IsoPs, but with not
F2-IsoPs was found. Differences in biomarkers between extreme quartiles of anthropometric measurements varied widely, rang-
ing from 9.7% for sTNF-R1 to 162.0% for CRP. For each specific biomarker, various anthropometric measurements exhibited
similar ability to explain variations in the biomarker, with the biggest partial r2(11%) observed for CRP.
CONCLUSIONS: This study suggests that both general adiposity (measured by BMI) and central adiposity (measured by
WC and WHtR) are positively and similarly associated with various markers of inflammation and oxidative stress in relatively
lean Chinese women. The metabolite F2-IsoP-M of F2-IsoPs may be a better marker of in vivo oxidative stress than its parent
compounds.
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1. Introduction

Obesity is now viewed as a low-grade inflamma-
tory condition [1]. To date, investigations of obesity
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and inflammation [2–7] and oxidative stress [8,9] have
been conducted mainly in Western populations where
overweight and obesity are highly prevalent. The rela-
tionship between general or central adiposity and in-
flammation and oxidative stress in a relatively lean
population is not well characterized. Data on the ef-
fect of fat distribution on inflammation and oxidative
stress are mixed [10–13], showing stronger associa-
tions with measures of central adiposity in some [10,
11], but not all studies [12,13]. In addition, many in-
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flammatory mediators have been found to be involved
in obesity-related diseases. Most previous studies of
obesity and inflammation have focused mainly on C-
reactive protein (CRP) [3,5,6]. It remains controver-
sial which anthropometric measurements and inflam-
matory biomarkers are the most appropriate to describe
the association of obesity and inflammation or oxida-
tive stress.

The measurement of urinary F2-isoprostanes (F2-
IsoPs) is now well accepted as the most accurate
and reliable biomarker of oxidative stress in vivo [14,
15]. Urine is considered an ideal biological mate-
rial for the measurement of F2-IsoPs because, unlike
plasma, urine does not have a high lipid content; there-
fore, there is less concern about artifactual genera-
tion of isoprostanes by lipid autoxidation during sam-
pling and storage [16]. After β-oxdidation, 15-F2t-
Isoprostane (15-F2t-Isop), one of the major F2-IsoPs,
is converted to 2,3-dinor-5,6-dihydro-15-F2t-IsoP (F2-
IsoP-M), which is not subject to renal production [17].
Our previous observations suggest that F2-IsoP-M may
be a better marker of in vivo systemic oxidative stress
than its parent compounds [18].

The present study evaluated associations of anthro-
pometric measures of adiposity with a panel of inflam-
matory and oxidative stress markers and examined po-
tential heterogeneity by measures of fat distribution
among 1,005 middle-aged women in Shanghai, China,
with a mean BMI of 24.6 kg/m2.

2. Methods and procedures

2.1. Study participants

This cross-sectional analysis was conducted among
1,005 women originally selected for a nested case-
control study of colorectal cancer among participants
of the Shanghai Women’s Health Study (SWHS), an
ongoing, population-based, prospective cohort study.
The design and methods of the SWHS have been
described in depth elsewhere [19,20]. Briefly, at the
baseline survey conducted between 1997 and 2000,
74,941 women aged 40–70 y from 7 typical urban
communities of Shanghai were recruited (participation
rate: 92.7%). All women completed a detailed base-
line survey that collected information on demographic
characteristics, lifestyle and dietary habits, medical
history, and other exposures. A detailed assessment of
physical activity was obtained using a validated ques-
tionnaire [21]. The study was approved by the relevant

institutional review boards for human research in both
China and the United States. Written informed consent
was obtained from all study participants.

2.2. Anthropometry

Participants were asked to wear light indoor cloth-
ing when they were measured for weight, height, and
circumferences of the waist and hips by trained inter-
viewers. The measurement was conducted uniformly
according to a standard protocol. Waist circumference
(WC) was measured at 2.5 cm above the umbilicus and
hip circumference (HC) at the level of maximum width
of the buttocks with the participant in a standing po-
sition. Circumferences and heights were measured to
the nearest 0.1 cm. Weight was measured to the nearest
0.1 kg using a digital weight scale that was calibrated
every 6 months. All measurements were taken twice. A
tolerance limit of 1 kg was set for the weight measure-
ment and 1 cm for height and circumference measure-
ments. A third measurement was taken if the difference
between the first 2 measurements was greater than the
tolerance limit. Using the average of the 2 closest mea-
surements, waist-to-hip ratio (WHR; waist circumfer-
ence divided by hip circumference), BMI (weight in
kilograms divided by the square of height in meters),
and waist-to-height ratio (WHtR; waist circumference
divided by height in centimeters) were then calculated
for the analysis.

2.3. Dietary intake

Habitual dietary intake data over the 12 months pre-
ceding the interview were collected during in-person
interviews using a validated food-frequency question-
naire (FFQ) that included 77 food items/groups com-
monly consumed in Shanghai [19] to assess intake of
dietary antioxidant-rich foods (such as fruits and veg-
etables) and antioxidant vitamins (such as vitamins C
and E). Nutrient consumption and total energy intake
were calculated by summing the product of food intake
and the nutrient content of the food item based on the
2002 Chinese Food Composition Tables [22].

2.4. Biomarker measurement

At study enrollment, 76% of cohort members do-
nated baseline blood and urine samples; an additional
12% of cohort members donated a urine sample dur-
ing the first follow-up survey (approximately 2 years
later) [19,20]. After collection, samples were kept at
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0–4◦C and processed within 6 hours. Immediately af-
ter processing, all samples were stored at −70◦C until
laboratory analyses were conducted.

Cytokines and their receptors were measured by us-
ing Millipore’s MILLIPLEX R© MAP High Sensitiv-
ity Human Cytokine multiplex kit for IL-1β, IL-6, and
TNF-α and the MILLIPLEX R© MAP Human Solu-
ble Cytokine Receptor Panel multiplex kits for solu-
ble IL-6 receptor (sIL-6R), soluble GP130 (sGP130, a
regulator of IL-6/sIL-6R complex signaling), soluble
TNF-R1 (sTNF-R1), and sTNF-R2. Assays were con-
ducted in duplicate at the Hormone Assay and Analyt-
ical Services Core at Vanderbilt University, Nashville,
USA, from 2009 to 2010, following relevant manu-
facturer’s instructions. High-sensitivity CRP measure-
ments were performed at Vanderbilt University Hospi-
tal’s lipids lab using the ACE R© High Sensitivity C-
Reactive Protein Reagent (ACI-22) for the first batch
and the CRP (HS) Wide Range kit (Pointe Scientific,
Canton, MI) for the second batch. Thus, we adjusted
for batch in all analyses. The limits of detection were
as follows: TNF-α, 0.05 pg/mL; sTNF-R1, 9.6 pg/mL;
sTNF-R2, 16.9 pg/mL; IL-1β, 0.06 pg/mL; IL-6,
0.10 pg/mL; sGP130, 7.2 pg/mL; sIL-6R, 3.6 pg/mL;
and CRP, 0.1 mg/L. Intra-assay coefficients of varia-
tion were 11.8% for TNF-α, 7.5% for sTNF-R1, 5.5%
for sTNF-R2, 17.4% for IL-1β, 15.5% for IL-6, 3.6%
for sGP130, and 3.8% for sIL-6R in this study; inter-
assay coefficients of variation were < 21% in our vali-
dation study conducted at the same core lab [23].

Urinary excretion of F2-IsoPs and their major meta-
bolite, F2-IsoP-M, were measured by gas chromatog-
raphy/negative ion chemical ionization mass spectrom-
etry (GC/NICI MS) at the Vanderbilt Eicosanoid Core
Laboratory. Details of this method have been reported
elsewhere [17]. Both F2-IsoPs and F2-IsopM con-
centrations were expressed as ng/mg creatinine. The
lower limit of sensitivity was approximately 5 pg. The
precision of the assay was ± 6% and accuracy was
96% [17].

2.5. Statistical analysis

Participants with less than the detectable limits of
inflammatory and oxidative stress markers were ex-
cluded from the analysis (TNF-α, n = 4; sTNF-R1,
n = 5; sTNF-R2, n = 1; IL-1β, n = 102; IL-6, n =
71; sGP130, n = 1; sIL-6R, n = 3; CRP, n = 90; F2-
IsoPs, n = 0; and F2-IsopM, n = 0), as were partici-
pants with outliers according to a box plot (sTNF-R1,
n = 1; sTNF-R2, n = 3; sGP130, n = 1; sIL-6R, n =
6; F2-IsoPs, n = 2; and F2-IsopM , n = 2).

Log-transformation was conducted to normalize the
distribution of the inflammatory markers studied. Ge-
ometric means of these markers were obtained based
on the least square means estimated using a general
linear regression model according to quartiles of an-
thropometric measurements after adjustment for po-
tential confounding factors. Covariates adjusted for in-
cluded age; education; occupation; total physical ac-
tivity; Charlson comorbidity index [24]; history of
other infectious or inflammation-related diseases that
are not included in the Charlson comorbidity index;
menopausal status; cigarette smoking; alcohol con-
sumption; regular use of aspirin or other non-steroidal
anti-inflammatory drugs (NSAIDs); regular use of vi-
tamin supplements; dietary intakes of total calories, to-
tal fruits, and total vegetables; and assay batch. Use of
antibiotics and vitamin supplements in the week before
sample collection was also adjusted for in the model.
The association of anthropometric measures of obe-
sity with biomarkers was examined with and without
adjusting for physical activity. Mutual adjustment for
BMI and WHR was performed to evaluate independent
effects of these two measures of adiposity on biomark-
ers.

Tests for linear trend were performed by entering
categorical variables as continuous variables in the lin-
ear regression models. We also used a restricted cu-
bic spline linear regression model to graphically illus-
trate the shape of the correlations between anthropo-
metric measures of adiposity and biomarkers. Knots
were placed at the 5th, 50th, and 95th percentiles of
the distribution of these measurements. We excluded
participants with measures of adiposity below the 0.5th

and above the 99.5th percentiles from the spline model
to minimize the influence of outliers.

In sensitivity analyses, to reduce the influence of po-
tential acute inflammation on our results, participants
with CRP > 10 mg/L were excluded, and, to check
whether non-detection differed by measures of adipos-
ity, participants with less than the detectable limits of
markers were included by assigning them a value of
one-half the detectable limit for each marker with an
undetectable measurement. In addition, we evaluated
the association between BMI and inflammatory mark-
ers among non-obese women (BMI < 30 kg/m2) and
conducted stratified analyses by chronic infectious or
inflammatory disease status. Multicollinearity was not
a concern, since the variance inflation factors for all
variables were < 3 (the variance inflation factors were
about 1 for most covariates). All statistical tests were
two-sided and were performed using SAS statistical
software, version 9.1 (SAS Institute, Cary, NC).
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Table 1
Age-adjusted characteristics of study participants according to body mass index and waist circumference: The Shanghai Women’s Health Studya

Quartile of body mass index (kg/m2) P for
� 22.3 22.4–24.4 24.5–26.7 > 26.8 trendb

(n = 250) (n = 251) (n = 252) (n = 251)
Age (y)c 55.4 (9.7) 57.0 (8.8) 58.5 (8.3) 61.4 (7.0) < 0.0001
Education, high school and above (%) 38.8 34.5 35.2 19.1 < 0.0001
Manual laborers (%) 51.0 57.7 58.3 60.9 0.12
Cigarette smoking (%) 3.3 4.4 1.6 5.3 0.13
Alcohol consumption (%) 3.9 3.2 3.3 1.5 0.54
Postmenopausal (%) 73.3 74.8 76.8 72.4 0.21
Use of postmenopausal hormones (%) 4.0 1.5 3.3 0.8 0.10
Use of aspirin or other NSAIDs (%) 1.4 3.6 6.0 2.8 0.05
History of infectious or inflammatory diseases (%) 54.0 58.8 55.6 71.0 0.0003
Use of multivitamin supplements (%) 23.5 18.0 18.5 14.4 0.05
Charlson comorbidity indexd 0.24 (0.04) 0.29 (0.04) 0.23 (0.04) 0.42 (0.05) 0.02
Physical activity (metabolic equivalent hours/wk/y)d 107.1 (2.7) 108.1 (2.7) 107.0 (2.7) 107.5 (2.8) 0.99
Dietary intaked

Total calories (kcal/d) 1601.0 (26.0) 1665.1 (25.6) 1700.4 (25.6) 1684.9 (26.1) 0.02
Fruits (g/d) 227.8 (10.3) 238.2 (10.2) 271.4.0 (10.2) 233.0 (10.4) 0.29
Vegetables (g/d) 276.0 (11.0) 298.8 (10.8) 313.0 (10.8) 282.5 (11.0) 0.48

Quartile of waist circumference (cm) P for
� 73 74–80 81–87 > 88 trendb

(n = 203) (n = 293) (n = 253) (n = 256)
Age (y)c 54.2 (9.6) 55.2 (9.3) 60.0 (7.4) 62.6 (5.8) < 0.0001
Education, high school and above (%) 44.0 33.1 28.1 22.1 < 0.0001
Manual laborers (%) 49.1 54.5 61.2 60.2 0.07
Cigarette smoking (%) 3.9 3.5 2.1 5.2 0.28
Alcohol consumption (%) 5.2 2.1 2.1 2.5 0.36
Postmenopausal (%) 72.6 75.9 74.7 72.7 0.40
Use of postmenopausal hormones (%) 2.9 3.3 1.7 1.2 0.34
Use of aspirin or other NSAIDs (%) 3.9 3.5 2.8 3.6 0.91
History of infectious or inflammatory diseases (%) 52.4 51.1 60.5 76.4 < 0.0001
Use of multivitamin supplements (%) 23.7 17.1 17.1 18.4 0.29
Charlson comorbidity indexd 0.24 (0.04) 0.23 (0.04) 0.26 (0.04) 0.45 (0.05) 0.002
Physical activity (metabolic equivalent hours/wk/y)d 107.9 (3.1) 109.7 (2.5) 106.4 (2.7) 105.6 (2.8) 0.41
Dietary intaked

Total calories (kcal/d) 1581.6 (29.1) 1667.3 (24.1) 1658.2 (25.6) 1728.9 (26.3) 0.001
Fruits (g/d) 220.8 (11.6) 260.7 (9.6) 252.7 (10.2) 229.2 (10.5) 0.92
Vegetables (g/d) 262.2 (12.3) 310.0 (10.2) 292.5 (10.8) 297.3 (11.1) 0.15

aExcept for mean age, data were standardized to the age distribution. bLinear regression models were used for continuous variables and Cochran-
Mantel-Haenszel chi-square tests for categorical variables. cMean (SD). dMean (SEE). NSAIDs: non-steroidal anti-inflammatory drugs.

3. Results

3.1. Characteristics of study participants

The mean age ± SD of study participants was 58.5
± 8.8 years. Mean BMI was 24.6 ± 3.5 kg/m2 and
obesity prevalence (BMI � 30) was 6.7%. Study par-
ticipants’ characteristics according to quartiles of BMI
and WC are presented in Table 1. Women with higher
BMI and WC were likely to be older and to have lower
educational attainment, but higher total energy intake.
They were also likely to have a history of infectious
or inflammation-related diseases and a higher Charlson
comorbidity index. However, the distribution of other
inflammation-related factors, such as physical activ-
ity, cigarette smoking, or intake of fruits and vegeta-

bles, did not depend upon quartile of BMI or WC. All
anthropometric measures of adiposity studied (BMI,
WHtR, WC, WHR, and HC) were significantly and
strongly correlated with each other (r ranged from 0.70
to 0.96), with the exception of WHR, which was mod-
erately correlated with BMI (r = 0.44) and weakly
correlated with HC (r = 0.20) (Supplemental Table 1).
Apart from age and menopausal status, the character-
istics of this subset of the cohort were not significantly
different from the rest of the cohort (data not shown).

3.2. Correlation between anthropometric measures of
adiposity and biomarkers studied

We used a restricted cubic spline linear regression
model to graphically illustrate the shape of the corre-
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P for overall significance of curve < 0.0001
P for linear relation < 0.0001
P for nolinear relation = 0.22

P for overall significance of curve < 0.0001
P for linear relation = 0.03
P for nolinear relation = 0.90

P for overall significance of curve = 0.0001
P for linear relation = 0.36
P for nolinear relation = 0.39

P for overall significance of curve = 0.64
P for linear relation = 0.54
P for nolinear relation = 0.80

P for overall significance of curve = 0.004
P for linear relation = 0.16
P for nolinear relation = 0.79
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Fig. 1. PANELS A–E. Smoothed plot of the logarithmically transformed CRP (mg/L) (A), TNFα (pg/mL) (B), IL-6 (pg/mL) (C), F2-IsoP
(ng/mg) (D), and F2-IsoP-M (ng/mg) (E) concentrations relative to the reference according to BMI (kg/m2), estimated by restricted cubic-spline
linear regression models with knots placed at the 5th, 50th, and 95th percentiles of BMI, after adjustment for all potential confounding factors.
The biomarker value for participants with BMI at the 12.5 percentile (the median of the first quartile) was treated as the reference. Participants
with BMI below the 0.5th or above the 99.5th percentiles were not included. Point estimates are indicated by a solid line and 95% CIs by
dashed lines. CRP: C-reactive protein; F2-IsoPs: 15-F2t-isoprostanes; F2-IsoP-M: 2,3-dinor-5,6-dihydro-15-F2t -isoprostane; IL-6: interleukin
6; TNF-α: Tumor necrosis factor α.

lations between anthropometric measures of adiposity
and biomarkers after adjustment for age, lifestyle fac-
tors, and related health conditions. The concentrations
of CRP and TNF-α were linearly and positively asso-
ciated with BMI (Fig. 1, panels A and B), with a P for
overall significance of < 0.0001 for both markers. IL-6
was also positively associated with BMI, although tests
for linearity were not statistically significant (Fig. 1,
panel C). A similar positive linear association was

found for WC with each of these markers (Fig. 2, pan-
els A, B, and C), with a P for overall significance of
� 0.0001 for all three markers. Urinary concentrations
of the oxidative stress marker F2-IsoPs were not sig-
nificantly correlated with either BMI (Fig. 1, panel D)
or WC (Fig. 2, panel D). However, significant positive
associations were found between the major metabolite
of F2-IsoPs (F2-IsoP-M) and BMI (Fig. 1, panel E) and
WC (Fig. 2, panel E).
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P for overall significance of curve < 0.0001
P for linear relation = 0.002
P for nolinear relation = 0.46
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Fig. 2. PANELS A–E. Smoothed plot of the logarithmically transformed CRP (mg/L) (A), TNFα (pg/mL) (B), IL-6 (pg/mL) (C), F2-IsoP
(ng/mg) (D), and F2-IsoP-M (ng/mg) (E) concentrations relative to the reference according to waist circumference (WC, cm), estimated by
restricted cubic-spline linear regression models with knots placed at the 5th, 50th, and 95th percentiles of WC, after adjustment for all potential
confounding factors. The biomarker value for participants with WC at the 12.5 percentile was treated as the reference. Participants with WC
below the 0.5th or above the 99.5th percentiles were not included. Point estimates are indicated by a solid line and 95% CIs by dashed lines.
CRP: C-reactive protein; F2-IsoPs: 15-F2t-isoprostanes; F2-IsoP-M: 2,3-dinor-5,6-dihydro-15-F2t -isoprostanes; IL-6: interleukin 6; TNF-α:
Tumor necrosis factor α.

3.3. Multivariable-adjusted concentrations of
biomarkers by categories of anthropometric
measures of adiposity

Multivariable adjusted concentrations of CRP, TNF-
α, sTNF-R1, IL-1β, IL-6, and F2-IsoP-M increased
with increasing quartiles of BMI (Table 2). The differ-

ence in adjusted geometric means of various biomark-
ers between the highest and lowest quartiles of BMI
varied widely, ranging from 9.7% for sTNF-R1 to
118.0% for CRP. Similar significant positive associa-
tions with WC (Table 2) and WHtR (Supplemental Ta-
ble 2) were found for CRP, TNF-α, sTNF-R1, sTNF-
R2, IL-6, and F2-IsoP-M. WHR was correlated with
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Table 2
Multivariable-adjusted concentrations of inflammatory and oxidative stress markers in women according to quartiles of body mass index or waist
circumference: The Shanghai Women’s Health Studya

Markers By quartile of body mass index (BMI, kg/m2)b By quartile of waist circumference (WC, cm)b

n Geometric Difference P for n Geometric Differenc P for
mean (SEE) (%)c trend mean (SEE) (%)c trend

CRP (mg/L) 171 0.78 (1.09) Reference < 0.0001 139 0.71 (1.10) Reference < 0.0001
200 1.05 (1.08) 34.62d 236 0.94 (1.07) 32.39e

209 1.34 (1.08) 71.79d 207 1.42 (1.08) 100.00
210 1.70 (1.08) 117.95d 209 1.86 (1.08) 161.97

TNF-α (pg/mL) 247 5.24 (1.05) Reference < 0.0001 203 5.07 (1.05) Reference 0.0001
250 5.37 (1.05) 2.48 289 5.59 (1.04) 10.26
252 6.36 (1.05) 21.37d 253 6.46 (1.05) 27.42d

248 6.86 (1.05) 30.92d 253 6.55 (1.05) 29.19d

sTNF-R1 (pg/mL) 233 1093.5 (1.03) Reference 0.01 187 1061.4 (1.03) Reference 0.006
240 1072.1 (1.03) −1.95 274 1083.0 (1.03) 2.03
233 1129.5 (1.03) 3.29 243 1161.1 (1.03) 9.40e

244 1199.0 (1.03) 9.65e 247 1181.7 (1.03) 11.34e

sTNF-R2 (pg/mL) 233 4243.2 (1.02) Reference 0.054 187 4116.8 (1.02) Reference 0.005
240 4210.8 (1.02) −0.76 275 4209.1 (1.02) 2.24
235 4235.5 (1.02) −0.18 244 4334.0 (1.02) 5.28
244 4504.5 (1.02) 6.16e 247 4498.4 (1.02) 9.27d

IL-1β (pg/mL) 226 1.17 (1.08) Reference 0.04 180 1.19 (1.09) Reference 0.51
224 1.15 (1.08) −1.71 268 1.22 (1.07) 2.52
225 1.24 (1.08) 5.98 232 1.34 (1.08) 12.61
224 1.46 (1.08) 24.79e 220 1.26 (1.09) 5.88

IL-6 (pg/mL) 223 3.39 (1.08) Reference 0.0002 181 2.94 (1.09) Reference 0.0003
232 3.15 (1.08) −7.08 274 3.43 (1.07) 16.67
244 3.72 (1.08) 9.73 236 4.29 (1.08) 45.92d

231 4.93 (1.08) 45.43e 240 4.34 (1.08) 47.62d

sGP130 (pg/mL) 230 178319.1 (1.02) Reference 0.5 185 173041.6 (1.02) Reference 0.06
239 176296.1 (1.02) −1.13 273 178160.2 (1.02) 2.96
231 181659.6 (1.02) 1.87 241 180395.5 (1.02) 4.25
244 180006.9 (1.02) 0.95 246 183275.3 (1.02) 5.91

sIL-6R (pg/mL) 232 20788.5 (1.03) Reference 0.19 186 21193.9 (1.04) Reference 0.47
240 21785.2 (1.03) 4.79 275 21158.8 (1.03) −0.17
232 21668.0 (1.03) 4.23 241 22443.8 (1.03) 5.90
243 22243.3 (1.03) 7.0 246 21630.9 (1.03) 2.06

F2-IsoPs (ng/mg) 219 1.63 (1.04) Reference 0.46 183 1.55 (1.04) Reference 0.84
226 1.48 (1.03) −9.20e 264 1.55 (1.03) 0.00
232 1.54 (1.03) −5.52 234 1.53 (1.03) −1.29
226 1.54 (1.04) −5.52 223 1.57 (1.04) 1.29

F2-IsoP-M (ng/mg) 213 0.54 (1.03) Reference < 0.0001 177 0.50 (1.04) Reference < 0.0001
218 0.55 (1.03) 1.85 254 0.57 (1.03) 14.00d

223 0.59 (1.03) 9.26e 226 0.60 (1.03) 20.00d

221 0.65 (1.03) 20.37d 219 0.66 (1.04) 32.00d

aAdjusted for age, education, occupation, cigarette smoking, alcohol consumption, physical activity, menopausal status, regular use of vitamin
supplements, regular use of aspirin or other non-steroidal anti-inflammatory drugs, total fruit and vegetable intake, total energy intake, comobid-
ity index, other infectious or inflammation-related diseases, use of antibiotics or vitamin supplements in the week before sample collection, and
assay batch using general linear models. bQuartile cutoffs for body mass index: 22.3, 24.4, and 26.7 kg/m2; quartile cutoffs for waist circum-
ference: 73, 80, and 87 cm. cDifference (%) = (geometric mean of the inflammatory marker for each quartile – geometric mean for the lowest
quartile)/geometric mean for the lowest quartile of body mass index or waist circumference. dp < 0.01. ep < 0.05. CRP: C-reactive protein; F2-
IsoPs: 15-F2t-isoprostanes; F2-IsoP-M: 2,3-dinor-5,6-dihydro-15-F2t -isoprostanes; IL-1β: interleukin 1β; IL-6: interleukin 6; sGP130: soluble
GP130; sIL-6R: soluble IL-6 receptor; sTNF-R1: soluble tumor necrosis factor receptor 1; sTNF-R2: soluble tumor necrosis factor receptor 2;
TNF-α: tumor necrosis factor α.
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Table 3
Multiple linear regression analysis for estimation of inflammatory and oxidative stress markers according to anthropometric indices in
1,005 women: The Shanghai Women’S Health Studya

Dependent variables Explanatory variables Standardized beta coefficient Partial r2 P

CRP (mg/L) BMI (kg/m2) 0.28 0.09 < 0.0001
WC (cm) 0.33 0.11 < 0.0001
WHR 0.25 0.07 < 0.0001
WHtR 0.34 0.11 < 0.0001

TNF-α (pg/mL) BMI (kg/m2) 0.14 0.03 < 0.0001
WC (cm) 0.13 0.02 < 0.0001
WHR 0.09 0.01 0.002
WHtR 0.15 0.02 < 0.0001

sTNF-R1 (pg/mL) BMI (kg/m2) 0.10 0.01 0.004
WC (cm) 0.11 0.01 0.002
WHR 0.03 0.003 0.32
WHtR 0.09 0.01 0.02

sTNF-R2 (pg/mL) BMI (kg/m2) 0.09 0.01 0.01
WC (cm) 0.10 0.01 0.004
WHR 0.07 0.01 0.03
WHtR 0.08 0.01 0.02

IL-1β (pg/mL) BMI (kg/m2) 0.05 0.01 0.08
WC (cm) 0.03 0.002 0.37
WHR 0.001 0.0000001 0.97
WHtR 0.04 0.003 0.19

IL-6 (pg/mL) BMI (kg/m2) 0.13 0.02 < 0.0001
WC (cm) 0.13 0.02 < 0.0001
WHR 0.04 0.003 0.16
WHtR 0.15 0.03 < 0.0001

sGP130 (pg/mL) BMI (kg/m2) 0.03 0.001 0.42
WC (cm) 0.05 0.002 0.13
WHR 0.06 0.001 0.09
WHtR 0.05 0.002 0.15

sIL-6R (pg/mL) BMI (kg/m2) 0.04 0.002 0.22
WC (cm) −0.002 0.0001 0.95
WHR −0.02 0.0003 0.49
WHtR −0.005 0.0001 0.90

F2-IsoPs (ng/mg) BMI (kg/m2) −0.04 0.001 0.26
WC (cm) −0.03 0.000003 0.44
WHR 0.03 0.001 0.46
WHtR 0.007 0.01 0.87

F2-IsoPs-M (ng/mg) BMI (kg/m2) 0.16 0.03 < 0.0001
WC (cm) 0.21 0.05 < 0.0001
WHR 0.18 0.03 < 0.0001
WHtR 0.24 0.06 < 0.0001

aAdjusted for age, education, occupation, cigarette smoking, alcohol consumption, physical activity, menopausal status, regular use of vitamin
supplements, regular use of aspirin or other non-steroidal anti-inflammatory drugs, total fruit and vegetable intake, total energy intake, Charlson
comobidity index, other infectious or inflammation-related diseases, use of antibiotics or vitamin supplements in the week before sample collec-
tion, and assay batch. CRP: C-reactive protein; F2-IsoPs: 15-F2t-isoprostanes; F2-IsoP-M: 2,3-dinor-5,6-dihydro-15-F2t -isoprostanes; IL-1β:
interleukin 1β; IL-6: interleukin 6; MET: metabolic equivalent; sGP130: soluble GP130; sIL-6R: soluble IL-6 receptor; sTNF-R1: soluble tumor
necrosis factor receptor 1; sTNF-R2: soluble tumor necrosis factor receptor 2; TNF-α: tumor necrosis factor α; WC: waist circumference; WHR:
waist-to-hip ratio; WHtR: waist-to-height ratio.

some but not all of these markers (Supplemental Ta-
ble 2), and the strength of the correlations for WHR
was somewhat weaker than the correlations for BMI,
WHtR, and WC. Analyses of these anthropometric
measures of adiposity with and without further adjust-
ment for physical activity yielded almost identical re-
sults.

3.4. Correlation between soluble receptors and their
ligands

sTNF-R1 and sTNF-R2 were modestly correlated
with TNF-α (Spearman r = 0.23 and 0.30, respec-
tively). Correlations between soluble TNF receptors
and anthropometric measures of adiposity were weaker
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than those for TNF-α (Table 2). IL-6 and its receptors
(sIL-6R and sGP130) were not significantly correlated
with each other (Spearman r = −0.04 and 0.04, re-
spectively). BMI and WC were correlated with IL-6
but not with its soluble receptors (Table 2). We also
evaluated the ratios of TNF-α and IL-6 to their solu-
ble receptors in relation to anthropometric measures of
adiposity. No significant correlations were found (data
not shown).

3.5. Explanatory ability of anthropometric measures
of adiposity

Partial r2 was used to assess the contribution of an-
thropometric measures of adiposity to variations in in-
flammatory/oxidative stress markers when other ex-
planatory variables were held constant. For each spe-
cific biomarker, different anthropometric measures of
adiposity showed similar explanatory ability (partial
r2) in the fully adjusted model, although the partial
r2 of WHtR and WC for CRP and of WHtR for F2-
IsoP-M were slightly greater than other anthropomet-
ric measures of adiposity (Table 3). Of the biomark-
ers studied, the biggest partial r2 was found for CRP;
approximately 11% of variation in CRP can be ex-
plained by either WC or WHtR, after accounting for
other explanatory variables. Similarly, the standardized
beta coefficients associated with various anthropomet-
ric measures of adiposity for each specific biomarker
were comparable, although the coefficient associated
with WHR was, in general, smaller than other mea-
sures of adiposity studied.

3.6. Effect of fat distribution and sensitivity analyses

Mutual adjustment for BMI and WC was not con-
ducted, because of concerns about the high collinearity
between these two variables (r = 0.83) (Supplemental
Table 1). Mutual adjustment for BMI and WHR (r =
0.44) was conducted, which resulted in slight changes
in the associations of BMI with the biomarkers stud-
ied (Supplemental Table 3). However, additional ad-
justment for BMI substantially attenuated the associa-
tion of WHR and TNF-α.

Exclusion of participants with CRP > 10 mg/L (n =
29, 2.89%) did not markedly change the results, nor did
inclusion of participants with less than the detectable
limits of markers (data not shown). We also con-
ducted analyses restricted to non-obese women (BMI
< 30 kg/m2; n = 938, 93.3%). Results were simi-
lar to those observed for the entire study population,

although correlations between BMI and some of the
biomarkers studied became slightly weaker (data not
shown). We further evaluated whether the association
between anthropometric measures of adiposity and in-
flammation or oxidative stress differed by prevalent
health conditions, including history of tuberculosis,
chronic bronchitis, asthma, chronic gastritis, chronic
hepatitis, ulcerative colitis, diabetes, hypertension, or
coronary heart disease. No significant effect modifica-
tion by the status of these health conditions was sug-
gested (all P for interaction > 0.05).

4. Discussion

In this relatively lean population of 1,005 Chinese
women, measures of overall adiposity (such as BMI)
and central adiposity (such as WC) were found to
be positively correlated with circulating inflammatory
(CRP, TNF-α, sTNF-R1, sTNF-R2, IL-1β, and IL-
6) and urinary oxidative stress markers (F2-IsoP-M).
These associations were independent of age, socioeco-
nomic status, and other inflammation-related factors,
such as lifestyle and dietary factors, inflammation-
related health conditions, and medication use.

Many epidemiological studies and preclinical ob-
servations have demonstrated a relationship between
obesity and low-grade chronic inflammation [2–4,6,7].
Most previous studies have largely involved popula-
tions with a high prevalence of obesity (29%–46%) [4,
6,7]. Our study provides support for and extends previ-
ous findings by showing a continuous, linear, and posi-
tive relation between inflammatory and oxidative stress
markers and anthropometric measures of adiposity in a
relatively lean population with a prevalence of obesity
of 6.7%. This finding is also supported by the obser-
vation that many obesity-related diseases, such as car-
diovascular disease, are seen in individuals with “nor-
mal/healthy” body weight [2,10,25]. Our data further
underscore the importance of weight control in the pre-
vention of many obesity-related diseases.

IL-6, IL-1β, and TNF-α are three pivotal pro-
inflammatory cytokines that have been found to be in-
volved in many obesity-related diseases [26,27]. CRP,
a sensitive marker of low-grade systemic inflamma-
tion, is produced in the liver through the stimulation
of pro-inflammatory cytokines, including mainly IL-6,
IL-1β, and TNF-α [28]. As a downstream biomarker,
CRP provides functional integration of overall up-
stream cytokine activation [29]. Most previous studies
of obesity and inflammation have focused mainly on
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CRP [3,5,6]. In this study, we comprehensively eval-
uated a panel of inflammatory markers and soluble
receptors of cytokines. Overall, values for partial r2,
which reflects the proportion of variation in biomarker
levels that can be explained by anthropometric mea-
sures of adiposity when other explanatory variables are
held constant, were small, ranging from 1% for sTNF-
Rs to 11% for CRP. The biggest partial r2 was ob-
served for CRP, suggesting that CRP may be the most
appropriate marker (with respect to strength of the cor-
relation) for describing the obesity and inflammation
association.

BMI, a measure of general adiposity, has been used
as the primary measure of body fatness in most pre-
vious studies [2,4–6]. However, this measure is un-
able to distinguish fat mass and non-fat mass, par-
ticularly among elderly people. On the other hand,
WC, WHtR, and WHR, measures of central adipos-
ity, are less affected by loss of muscle mass during
aging and represent a measure of adiposity that takes
into account the accumulation of abdominal fat [30–
32]. Among middle-aged and elderly adults, accu-
mulation of visceral fat has been strongly associated
with inflammation in some studies [2,10–13], partic-
ularly in women [33–35]. However, no heterogeneity
in the association with visceral versus subcutaneous
adipose tissue volume, as assessed by computerized
tomography, was observed in the Framingham Heart
Study [13]. Measures of both general and central adi-
posity have been positively and similarly associated
with inflammation and oxidative stress [13]. Similar re-
sults were also found in our study. Various measures
of adiposity exhibit similar explanatory ability (partial
r2) for variations of each specific biomarker.

sTNF-R2 is considered to better reflect long-term
average circulating concentrations of TNF-α and has
been used as an indicator of TNF-α activity in epi-
demiological studies [36,37]. However, few studies
have comprehensively evaluated the relation of solu-
ble receptors of cytokines with their ligands and with
other inflammatory determinants to help understand
the biological correlates of these soluble receptors [38,
39]. In this study, we found that the correlations be-
tween soluble receptors (sTNF-R1, sTNF-R2, sIL-6R,
and sGP130) and their ligands (TNF-α and IL-6) were
weak. Anthropometric measures of adiposity were re-
lated to IL-6 and TNF-α, but were not or were only
weakly related to their soluble receptors. Therefore,
using soluble receptor levels to represent TNF-α or IL-
6 levels is not supported by this study. In fact, recogni-
tion of the biological action of soluble receptors has led

to their therapeutic use as cytokine inhibitors in pre-
clinical studies [40].

In a multi-investigator study sponsored by the Na-
tional Institute of Environmental Health Sciences (NI-
EHS), termed the Biomarkers of Oxidative Stress
(BOSS) Study, quantification of F2-IsoPs by mass
spectrometry was found to be the most accurate method
to assess endogenous oxidative stress [17]. Positive
relationships between F2-IsoPs and the anthropomet-
ric measurements BMI and WHR have been found in
some [8,9] but not all previous studies [18]. One pos-
sible reason for this inconsistency, besides study de-
sign and subject characteristics, is the method used
to quantify F2-IsoPs. In previous studies, immunoas-
says for F2-IsoPs were frequently used, in which a
cross-reactivity exists between antibodies for F2-IsoPs
and structurally similar isomers [18], such as F2-IsoP
metabolites [41]. In addition, unlike F2-IsoPs, F2-IsoP
metabolite in urine is not subject to autoxidation or
renal production [17]. We measured urinary F2-IsoPs
and their major metabolite, F2-IsoP-M, by a mass
spectrometry-based method. Our finding of a signifi-
cant positive association of anthropometric measures
of adiposity with F2-IsoP-M but not F2-IsoPs suggests
that F2-IsoP-M may be a better marker of in vivo ox-
idative stress than its parent compounds. This finding
is also supported by another parallel study conducted
in the SWHS that recently and independently evalu-
ated the obesity and oxidative stress association [42].
In addition, increased risk of breast cancer was found
to be more closely related to urinary F2-IsoP-M than
F2-IsoPs in the SWHS [18]. Clearly, this hypothesis
needs to be further investigated.

Several methodological limitations of this study
should be considered. The study was cross-sectional in
design; thus, no causal relationships can be inferred.
Individuals in different categories of obesity are also
likely to differ in several other respects. For exam-
ple, health conditions, particularly some inflammation-
related diseases, may result in changes in anthropomet-
ric measures of adiposity, thus potentially biasing the
obesity and inflammation association. However, our
study found no significant heterogeneity in the associa-
tion for groups with versus without a history of chronic
infectious or inflammatory diseases. In addition, al-
though detailed information on a wide range of factors
related to inflammation and oxidative stress was avail-
able, allowing us to control for potential confounding
by these factors, we could not completely rule out the
possibility of residual confounding due to unmeasured
or inadequately measured covariates.
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In conclusion, this study suggests that measures of
both general (measured by BMI) and central adiposity
(measured by WC and WHtR) were positively associ-
ated with inflammation and oxidative stress in women.
F2-IsoP-M may be a better marker of in vivo oxida-
tive stress than its parent compounds F2-IsoPs. Be-
cause the proportion of variation in inflammation and
oxidative stress that can be explained by anthropomet-
ric measures of adiposity was small, further investiga-
tions are clearly needed to identify modifiable and ge-
netic factors related to chronic inflammation and ox-
idative stress in humans.
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Supplementary material

Supplemental Table 1
Spearman correlation coefficients between anthropometric measures of obesity: The Shanghai Women’s Health Studya

Variable Body mass index (kg/m2) Waist circumference (cm) Waist-to-hip ratio Waist-to-height ratio
Waist circumference (cm) 0.83
Waist-to-hip ratio 0.44 0.70
Waist-to-height ratio 0.83 0.96 0.71
Hip circumference (cm) 0.80 0.82 0.20 0.75

aAll P < 0.05.
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Supplemental Table 2
Multivariable-adjusted concentrations of inflammatory and oxidative stress markers in women according to quartiles of waist-to-height ratio and
waist-to-hip ratio: The Shanghai Women’s Health Studya

Markers By quartile of waist-to-height ratiob By quartile of waist-to-hip ratiob

n Geometric Difference P for n Geometric Difference P for
mean (SEE) (%)c trend mean (SEE) (%)c trend

CRP (mg/L) 176 0.74 (1.09) Reference < 0.0001 185 0.84 (1.08) Reference < 0.0001
199 0.92 (1.08) 24.32 206 1.01 (1.08) 20.24
210 1.43 (1.08) 93.24d 195 1.37 (1.08) 63.10d

206 1.90 (1.08) 156.76d 204 1.70 (1.08) 102.38d

TNF-α (pg/mL) 248 4.96 (1.05) Reference < 0.0001 250 5.44 (1.05) Reference 0.003
250 5.76 (1.05) 16.13e 247 5.68 (1.05) 4.41
249 6.19 (1.05) 24.80d 245 5.99 (1.05) 10.11
251 6.94 (1.05) 39.92d 255 6.60 (1.05) 21.32d

sTNF-R1 (pg/mL) 232 1045.2 (1.03) Reference 0.01 231 1102.4 (1.03) Reference 0.37
236 1138.8 (1.03) 8.95e 234 1097.0 (1.03) −0.49
242 1130.9 (1.03) 8.19 238 1173.7 (1.03) 6.47
241 1179.6 (1.03) 12.86d 247 1119.6 (1.03) 1.56

sTNF-R2 (pg/mL) 232 4131.6 (1.02) Reference 0.02 231 4181.0 (1.02) Reference 0.03
237 4299.3 (1.02) 4.06 235 4166.1 (1.02) −0.36
243 4266.3 (1.02) 3.26 240 4459.7 (1.02) 6.67e

241 4487.3 (1.02) 8.61e 246 4385.1 (1.02) 4.88

IL-1β (pg/mL) 221 1.13 (1.08) Reference 0.22 226 1.29 (1.08) Reference 0.99
231 1.29 (1.08) 14.16 228 1.23 (1.08) −4.65
224 1.26 (1.08) 11.50 217 1.18 (1.08) −8.53
224 1.34 (1.08) 18.58 228 1.31 (1.08) 1.55

IL-6 (pg/mL) 224 3.04 (1.08) Reference 0.0002 226 3.53 (1.08) Reference 0.15
236 3.46 (1.08) 13.82d 231 3.62 (1.08) 2.55
236 4.01 (1.08) 31.91 229 3.66 (1.08) 3.68
235 4.62 (1.08) 51.97e 244 4.15 (1.08) 17.56

sGP130 (pg/mL) 230 175093.5 (1.02) Reference 0.24 229 177764.7 (1.02) Reference 0.33
236 179182.0 (1.02) 2.34 234 175102.9 (1.02) −1.50
240 180263.3 (1.02) 2.95 239 183202.0 (1.02) 3.06
239 181472.4 (1.02) 3.64 242 180077.4 (1.02) 1.30

sIL-6R (pg/mL) 231 21401.7 (1.03) Reference 0.88 230 22010.4 (1.03) Reference 0.73
237 21518.6 (1.03) 0.55 234 21255.1 (1.03) −3.43
241 22135.8 (1.03) 3.43 239 21793.7 (1.03) −0.98
239 21375.4 (1.03) −0.12 244 21452.7 (1.03) −2.53

F2-IsoPs (ng/mg) 224 1.57 (1.04) Reference 0.88 230 1.50 (1.03) Reference 0.2
228 1.47 (1.03) −6.37 233 1.50 (1.03) 0.00
232 1.60 (1.03) 1.91 214 1.63 (1.04) 8.67
220 1.54 (1.04) −1.91 226 1.56 (1.04) 4.00

F2-IsoP-M (ng/mg) 215 0.51 (1.04) Reference < 0.0001 224 0.51 (1.03) Reference < 0.0001
221 0.55 (1.03) 7.84 226 0.58 (1.03) 13.73d

223 0.64 (1.03) 25.49d 204 0.63 (1.03) 23.53d

217 0.65 (1.04) 27.45d 221 0.62 (1.03) 21.57d

aAdjusted for age, education, occupation, cigarette smoking, alcohol consumption, physical activity, menopausal status, regular use of vitamin
supplements, regular use of aspirin or other non-steroidal anti-inflammatory drugs, total fruit and vegetable intake, total energy intake, Charlson
comobidity index, other infectious or inflammation-related diseases, use of antibiotics and vitamin supplements in the week before sample
collection, and assay batch using general linear models. bQuartile cutoffs for waist-to-height ratio: 0.47, 0.51, and 0.56; quartile cutoffs for waist-
to-hip ratio: 0.79, 0.82, and 0.86. cDifference (%) = (geometric mean of inflammatory marker for each quartile – geometric mean for the lowest
quartile)/geometric mean for the lowest quartile of body mass index or waist circumference. dp < 0.01. ep < 0.05. CRP: C-reactive protein; F2-
IsoPs: 15-F2t-isoprostanes; F2-IsoP-M: 2,3-dinor-5,6-dihydro-15-F2t -isoprostanes; IL-1β: interleukin 1β; IL-6: interleukin 6; sGP130: soluble
GP130; sIL-6R: soluble IL-6 receptor; sTNF-R1: soluble tumor necrosis factor receptor 1; sTNF-R2: soluble tumor necrosis factor receptor 2;
TNF-α: tumor necrosis factor α.
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Supplemental Table 3
Multivariable-adjusted concentrations of inflammatory and oxidative stress markers in women according to quartile of body mass index or
waist-to-hip ratio with mutual adjustment for both anthropometric measuresa

Markers By quartile of BMI, after additional adjustment for WHRb By quartile of WHR, after additional adjustment for BMIb

n Geometric Difference P for n Geometric Difference P for
mean (SEE) (%)c trend mean (SEE) (%)c trend

CRP (mg/L) 171 0.86 (1.09) Reference < 0.0001 185 0.94 (1.08) Reference <0.0001
200 1.08 (1.08) 25.58d 206 1.05 (1.08) 11.7
209 1.29 (1.08) 50.00e 195 1.30 (1.08) 38.30e

210 1.58 (1.08) 83.72e 204 1.55 (1.08) 64.89e

TNF-α (pg/mL) 247 5.36 (1.05) Reference 0.0002 250 5.70 (1.05) Reference 0.12
250 5.39 (1.05) 0.56 247 5.75 (1.05) 0.88
252 6.29 (1.05) 17.35d 245 5.88 (1.05) 3.16
248 6.75 (1.05) 25.93e 255 6.35 (1.05) 11.40

sTNF-R1 (pg/mL) 233 1095.5 (1.03) Reference 0.018 231 1124.5 (1.03) Reference 0.93
240 1072.5 (1.03) −2.10 234 1104.0 (1.03) −1.82
233 1128.6 (1.03) 3.02 238 1164.1 (1.03) 3.52
244 1197.4 (1.03) 9.30d 247 1101.0 (1.03) −2.08

sTNF-R2 (pg/mL) 233 4290.0 (1.02) Reference 0.22 231 4228.3 (1.02) Reference 0.17
240 4220.1 (1.02) −1.63 235 4181.1 (1.02) −1.12
235 4215.3 (1.02) −1.74 240 4439.1 (1.02) 4.99
244 4468.4 (1.02) 4.16 246 4343.7 (1.02) 2.73

IL-1β (pg/mL) 226 1.16 (1.08) Reference 0.03 226 1.35 (1.08) Reference 0.51
224 1.15 (1.08) −0.86 228 1.24 (1.08) −8.15
225 1.25 (1.08) 7.76 217 1.16 (1.08) −14.07
224 1.48 (1.08) 27.59d 228 1.26 (1.08) −6.67

IL-6 (pg/mL) 223 3.41 (1.08) Reference 0.001 226 3.83 (1.08) Reference 1
232 3.15 (1.08) −7.62 231 3.72 (1.08) −2.87
244 3.71 (1.08) 8.80 229 3.53 (1.08) −7.83
231 4.91 (1.08) 43.99e 244 3.89 (1.08) 1.57

sGP130 (pg/mL) 230 179935.2 (1.02) Reference 0.93 229 178189.9 (1.02) Reference 0.46
239 176590.7 (1.02) −1.86 234 175242.0 (1.02) −1.65
231 180963.7 (1.02) 0.57 239 183020.5 (1.02) 2.71
244 178839.5 (1.02) −0.61 242 179708.8 (1.02) 0.85

sIL-6R (pg/mL) 232 20539.7 (1.03) Reference 0.10 230 22281.7 (1.03) Reference 0.42
240 21733.4 (1.03) 5.81 234 21339.7 (1.03) −4.23
232 21784.2 (1.03) 6.06 239 21683.8 (1.03) −2.68
243 22438.5 (1.03) 9.24 244 21230.6 (1.03) −4.72

F2-IsoPs (ng/mg) 219 1.65 (1.04) Reference 0.29 230 1.48 (1.04) Reference 0.08
226 1.48 (1.03) −10.30d 233 1.49 (1.03) 0.68
232 1.54 (1.03) −6.67 214 1.65 (1.04) 11.49d

226 1.53 (1.04) −7.27 226 1.58 (1.04) 6.76
F2-IsoP-M (ng/mg) 213 0.56 (1.04) Reference 0.01 224 0.52 (1.03) Reference 0.001

218 0.55 (1.03) −1.79 226 0.58 (1.03) 11.54d

223 0.59 (1.03) 5.36 204 0.62 (1.03) 19.23e

221 0.63 (1.03) 12.50d 221 0.61 (1.03) 17.31e

aAdjusted for age, education, occupation, cigarette smoking, alcohol consumption, physical activity, menopausal status, regular use of vitamin
supplements, regular use of aspirin or other non-steroidal anti-inflammatory drugs, total fruit and vegetable intake, total energy intake, Charlson
comobidity index, other infectious or inflammation-related diseases, use of antibiotics and vitamin supplements in the week before sample
collection, and assay batch using general linear models. bQuartile cutoffs for body mass index: 22.3, 24.4, and 26.7 kg/m2; quartile cutoffs
for waist-to-hip ratio: 0.79, 0.82, and 0.86. cDifference (%) = (geometric mean of inflammatory marker for each quartile – geometric mean
for the lowest quartile)/geometric mean for the lowest quartile of body mass index or waist-to-hip ratio. dp < 0.05. ep < 0.01. CRP: C-
reactive protein; F2-IsoPs: 15-F2t-isoprostanes; F2-IsoP-M: 2,3-dinor-5,6-dihydro-15-F2t -isoprostanes; IL-1β: interleukin 1β; IL-6: interleukin
6; sGP130: soluble GP130; sIL-6R: soluble IL-6 receptor; sTNF-R1: soluble tumor necrosis factor receptor 1; sTNF-R2: soluble tumor necrosis
factor receptor 2; TNF-α: tumor necrosis factor α.
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