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Context: Elevated C-reactive protein (CRP) is a marker of cardiovascular risk in adults. Patterns and
determinants of CRP in adolescents have not been well described.

Objective: This study aimed to determine how CRP varies by age, gender, Tanner stage, and body
fat composition in rural Chinese adolescents and to what degree adiposity-CRP associations are
attributable to shared genetic and environmental factors.

Design and Setting: Data were derived from an ongoing study of metabolic syndrome in a large
community-based twin cohort enrolled in Anqing, China.

Participants: The study sample included 1180 adolescent twins aged 13–21 yr.

Main Outcome Measures: Plasma CRP concentrations were measured by sandwich immunoassay
using flow metric xMAP technology. Body fat composition was assessed by dual-energy x-ray
absorptiometry.

Results: CRP levels linearly increased across age and Tanner stage in males (P � 0.0001), but in
females, CRP exhibited no trend after adjusting for fat mass (P � 0.05). For males, the most ex-
planatory measure was body mass index (partial r2 � 5.2%), whereas percent body fat (partial r2 �

8.8%) was more explanatory in females. Of the phenotypic correlations between adiposity mea-
sures and CRP (0.25–0.28), 86–89% were attributed to shared genetic factors and 11–14% to
common unique environmental factors in both sexes.

Conclusions: Adiposity is a strong determinant of CRP even in this relatively lean Chinese popu-
lation. There is notable gender difference for the CRP pattern and the relationship of CRP with
adiposity during adolescence. To a large degree, common genetic factors may underlie the ob-
served adiposity-CRP-phenotypic correlations. (J Clin Endocrinol Metab 96: 3226–3233, 2011)

C-reactive protein (CRP) is a sensitive objective marker
of inflammation and infection (1). High-sensitivity

CRP also is a powerful cardiovascular risk predictor in
adults (2–5). Recent studies have shown that the athero-
sclerotic process begins in childhood and progresses

slowly into adulthood (6, 7). Elevated circulating CRP has
been related to early arterial changes in American (8) and
Finnish (9) children and adolescents, supporting the hy-
pothesis that inflammation has an impact in the patho-
genesis of early atherosclerosis (10, 11). Thus, under-
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standing the pattern of CRP and its determinants during
childhood and adolescence may provide information that
can help to guide the prevention of cardiovascular disease
(CVD) via early risk detection and amelioration.

Adipose tissue is a rich source of many immune-related
mediators, such as IL-6 and TNF-�, that are involved in
the inflammatory response. CRP is, in turn, under the con-
trol of these proinflammatory cytokines (12). Obesity is an
established determinant of CRP in adults (13). Histolog-
ical studies (14, 15), showing that white adipose tissue
from obese adults is characterized by increased macro-
phage accumulation, also confirmed the hypothesis that
obesity mediates a chronic low-grade inflammatory re-
sponse, which may subsequently lead to the development
of metabolic and vascular disease (16).

Population-based cohort studies of American children
and adolescents have shown higher CRP concentrations in
overweight subjects than in normal-weight subjects (17,
18). Several studies in obese children also have shown
increases in serum CRP levels as body mass index (BMI)
and waist circumference (WC) increase (19, 20). Given
that obesity is a risk factor for metabolic syndrome, it is
important to note that these studies did not determine
whether it is obesity itself or components of the metabolic
syndrome such as insulin resistance that are associated
with inflammation. Thus, studying the relationship be-
tween adiposity and low-grade inflammation in nonobese
adolescents may improve our understanding of the early
precursors of CVD in adults.

Our ongoing twin study of metabolic syndrome in An-
qing, China, provided a unique opportunity to fill in
knowledge gaps related to CRP during adolescence. This
report addresses the following questions in a large sample
of relatively lean Chinese adolescent twins. What are the
patterns of CRP by age, Tanner stage, and gender? Which
adiposity measures are most closely associated with CRP
levels in adolescents, and do these differ by gender? To
what degree can adiposity-CRP associations be attributed
to environmental and genetic factors?

Subjects and Methods

Study population
This report used data from an ongoing National Institutes of

Health-funded study of metabolic syndrome in a large commu-
nity-based Chinese twin cohort in Anqing, Anhui Province,
China. The study protocol was approved by the Institutional
Review Boards of Children’s Memorial Hospital in Chicago and
the Biomedical Institute, Anhui Medical University, Hefei,
China. Written informed consent was obtained from the subjects
or parents. The study sample was initially recruited from 1998–
2000 and then followed up from 2005–2006. Detailed informa-
tion on sample enrollment has been described (21). This study

was based on follow-up data on twins aged 13–21 yr. All study
subjects completed a questionnaire interview, physical exami-
nation, and a dual-energy x-ray absorptiometry (DEXA) scan.
Tanner stages (1–5) were assessed by physicians via visual in-
spection of pubic hair, genitals (boys), and breasts (girls) (22).

From a total of 1280 eligible participants in whom plasma
CRP was determined, 100 (66 male, 34 female) were excluded
because of a plasma CRP level higher than 10 mg/liter, likely due
to an acute-phase response to an infection or an immune disorder
characterized by acute inflammation (23). This report includes
the remaining 1180 subjects (632 males, 548 females) aged
13–21 yr. All of the twin pairs included in this study were reared
together in their respective families.

Anthropometric parameters and DEXA measures
of adiposity

Height and weight were measured using standard protocols
without shoes and outerwear. Height was measured to the near-
est 0.1 cm on a portable stadiometer and weight to the nearest 0.1
kg. WC was measured at the level of the umbilicus to the nearest
millimeter. BMI was calculated as weight (kilograms)/height2

(meters squared). A standard whole-body scan was performed by
DEXA (GE Lunar DPX-MD, Madison, WI) to measure fat mass
(FM), truncal fat (TF), and leg fat (LF) using a standard software
calculation. Percent body fat (%BF), %TF, and %LF, were cal-
culated as (FM in kilograms/total mass in kilograms) � 100, (TF
in kilograms/FM in kilograms) � 100, and (LF in kilograms/FM
in kilograms) � 100, respectively. Truncal to leg fat ratio (TLR)
was calculated as truncal fat divided by leg fat. BMI and %BF
reflect generalized body fat, whereas WC, %TF, %LF, and TLR
are used as parameters of fat distribution.

Laboratory measurements
Plasma was separated from blood cells and refrigerated

within 30 min after blood was drawn. Plasma CRP concentra-
tions were determined using sandwich immunoassay based on
flow metric xMAP technology on Luminex 200 machines (Lu-
minex multianalyte profiling system; Luminex, Corp., Austin,
TX). The immunoassay kit is commercially available from Mil-
lipore Corp. (Bedford, MA). Each sample was duplicated, and
intraassay coefficient variation was less than 5.1%. Twin zygos-
ity was determined as previously published (24).

Statistical analyses
The distribution of plasma CRP levels was positively skewed,

and a logarithmic transformation was used to normalize the data
for subsequent statistical analyses. Adiposity measures were an-
alyzed as age- and gender-specific z-scores that were calculated
as an observed value minus the mean value divided by SD (within
each year of age and sex stratum). A two-sidedP value�0.05 was
regarded as statistically significant. All analyses were performed
using SAS version 9.2 (SAS Institute, Cary, NC).

Sex and Tanner stage effects were analyzed by generalized
estimating equation linear regressions. To systematically exam-
ine the association between CRP and adiposity, we applied CRP
as either a continuous or binary variable: 1) CRP was treated as
a continuous variable to estimate the relationship of CRP with a
one-unit increase in each adiposity z-score or 2) CRP levels were
treated as binary outcomes to access the association between the
risk of elevated CRP and adiposity. Elevated plasma CRP levels
were defined in two ways: 1) above the age- and gender-specific
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top quartil and 2) 3–10 mg/liter, the range that identifies adults
at high risk for CVD (25). To determine which adiposity mea-
sures provide the best prediction of CRP, a partial r2 was calcu-
lated based on a maximum likelihood (26). The SAS procedure
MIXED was used with the family effect treated as a random
variable. Finally, to assess genetic and environmental influences
on the observed associations between adiposity and CRP, struc-
tural equation modeling was used (27). We first fitted a saturated
model (ACE, CE, AE, and AC models) that allowed for additive
genetic (A),commonenvironmental (C),anduniqueenvironmental
(E) components for each adiposity measure and CRP. Next, we
fitted the bivariate Cholesky decomposition models to calculate
genetic (rG), common (rC), and unique environmental correlations
(rE) between CRP and adiposity measures. We calculated the phe-
notypic correlationsbetweenCRP levels andadipositymeasuresas:
rTP � rG � �A1 � A2 � rC � �C1 � C2 � rE � �E1 � E2. The
genetic contribution (CGCP) and unique environmental contribu-
tions (CUCP) to the phenotypic correlations could be estimated as
CGCP � rG � �A1 � A2 and CUCP � rE � �E1 � E2, respectively.
Mx software (http: www.psy.vu.nl/mxbib/) was used for the twin
analysis.

Results

Demographic and anthropometric characteristics
The subjects were relatively lean. Means for BMI were

at the 25–50th percentile BMI-for-age using World Health
Organization child growth standards (28). Age, BMI,
%BF, %TF, and TLR were higher, whereas WC, %LF,
and CRP level were lower in females when compared with
males (Table 1). Notably, more than 13% (males 14.4%,
females 13.7%) of the children in this twin cohort had
CRP concentrations in the range that identifies adults at
high risk of CVD, i.e. 3–10 mg/liter.

Plasma CRP patterns by age and Tanner stage
The pattern of log CRP levels was linear across all ages

in males, but it reached a plateau at 17 yr of age in females
(Fig. 1A).After adjustment forFM,CRP levels still linearly
increased across age in males, but in females, CRP slowly
increased up to age 17, peaked, and then slightly decreased
over time. This also was true of CRP across Tanner stage
(Fig. 1B); in males, CRP dramatically increased across
Tanner stage (Ptrend � 0.0001), but in females, CRP ex-
hibited no trend across Tanner stage (Ptrend � 0.54). The
CRP value was significantly higher in males compared
with females after age 17 and Tanner stage 4; log (CRP)
was 0.72 mg/liter (SE � 0.16; P � 0.0001) higher in males
than females after age 17 and after adjustment for smok-
ing, age, Tanner stage, and FM.

Relationship of CRP with adiposity measures
After adjustment for age, Tanner stage, and smoking

status, linear regression confirmed that all adiposity mea-
sures were linearly associated with log (CRP) levels in both

sexes (Table 2). In males, for a one-unit increase in WC,
BMI, %BF, %TF, and TLR z-scores, log (CRP) increased
0.22, 0.23, 0.15, 0.14, and 0.15, respectively; in females,
the increases were greater at 0.31, 0.31, 0.31, 0.19, and
0.21, respectively. However, the association of CRP with
WC and TLR disappeared after adjusting for FM in fe-
males. In contrast, %LF was inversely associated with
CRP; � (SE) � �0.14 (0.04) and �0.22 (0.05) in males and
females, respectively. The proportion of the variance in
CRP explained by adiposity (partial r2) was higher in fe-
males compared with males, e.g. 3.2–8.8% vs. 1.9–5.2%,
respectively. For males, the most explanatory measure was
BMI (partial r2 � 5.2%), whereas %BF (partial r2 �
8.8%) was most explanatory in females. In addition, we
also examined parameters of lean mass in relation to CRP
and found no association in either males or females (data
not shown).

Adiposity and elevated CRP
Figure 2 shows the results of multivariate logistic re-

gression models used to predict the risk of elevated CRP
(top quartile CRP or in the range of 3–10 mg/liter) after
adjusting for age, smoking and Tanner stage (model 1).
For males, a one-unit increase in WC, BMI, %BF, and TLR
z-score increased the risk of elevated CRP levels in the top

TABLE 1. Demographic characteristics of 1180 Chinese
children and adolescents aged 13–21 yr

Males Females P value
n 632 548
Age (yr) 16.4 � 2.1 16.8 � 2.1 0.0254
Tanner stages 3.4 � 1.4 3.7 � 1.1 0.0018
Active smoking

	yes (%)

9.39 0.00 �0.0001

Passive smoking
	yes (%)


81.8 76.2 0.0199

Zygosity
	MZ (%)


60.2 68.4 0.0036

WC (cm) 68.4 � 6.1 66.1 � 6.3 0.0056
BMI (kg/m2) 18.7 � 2.3 19.8 � 2.4 �0.0001
Fat mass (kg) 5.8 � 3.58 13.0 � 4.14 �0.0001
%BF 11.7 � 5.3 27.4 � 5.6 �0.0001
%TF 45.2 � 6.8 48.6 � 4.3 �0.0001
%LF 40.6 � 6.4 37.3 � 4.3 �0.0001
TLR 1.2 � 0.4 1.3 � 0.3 �0.0001
%TTM 5.4 � 3.0 13.4 � 3.5 �0.0001
%LTM 4.7 � 1.9 10.1 � 1.7 �0.0001
CRP

(mg/liter)a
0.85 (0.39–1.80) 0.75 (0.34–1.72) 0.0499

3–10 mg
CRP (%)

14.4 13.7 0.7255

Unless otherwise noted, data are presented as means � SD or percent.
To test the difference of each variable between males and females, �2

and generalized linear regression equations were used. MZ,
Monozygotic; %LTM, percent leg fat of total mass; %TTM, percent
truncal fat of total mass.
a Median (interquartile range).
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quartile from 41–66% [odds ratio (OR)WC � 1.66 (95%
confidence interval, CI � 1.28–2.03); ORBMI �1.64(95%
CI � 1.27–2.01); OR%BF � 1.41 (95% CI � 1.09–1.73);
and ORTLR � 1.48 (95% CI � 1.15–1.81)]. In females, the
risk ranged from 38–95% [ORWC � 1.95 (95% CI � 1.38–
2.52);ORBMI �1.75(95%CI�1.23–2.26);OR%BF �1.82
(95% CI � 1.28–2.36); and ORTLR � 1.38 (95% CI �
1.00–1.77)]. Similarly WC, BMI, and %BF z-score all sig-
nificantly increased the risk of having CRP levels over 3
mg/liter in both genders; however, %TF and TLR in-
creased the risk of higher than 3 mg/liter CRP levels in
males only. Furthermore, additionally adjusting for FM
(model 2), WC and TLR were associated with the risk of
top quartile CRP levels only in males. In both genders,
%LF had a protective effect on the risk of top quartile CRP
levels [OR � 0.68 (95% CI � 0.52–0.83) in males; OR �
0.71 (95% CI � 0.51–0.92) in females], but it signifi-
cantly lowered the risk of higher than 3 mg/liter CRP levels
in males only.

Genetic and environmental contributions to the
adiposity-CRP correlations

Heritability estimates were based on the AE model,
which was the statistically best-fitting model in our study.
In Fig. 3, the heritability estimate for CRP was similar in

males and females, 0.42 (95% CI �
0.29–0.54) and 0.45 (95% CI � 0.33–
0.56), respectively. Heritability esti-
mates for WC and BMI were 0.82 (95%
CI � 0.76–0.86) and 0.89 (95% CI �
0.85–0.91), respectively, in males and
0.78 (95% CI � 0.72–0.83) and 0.86
(95% CI � 0.81–0.89), respectively,
for females. The data suggest that the
genetic contributions to BMI and WC
were much higher than the genetic con-
tributions to CRP.

Each adiposity measure and CRP
were moderately correlated genetically
(rG � 0.4 in both males and females),
which indicated that these paired traits
share some common genetic factors. In
males,WCandCRPshared37%,whereas
BMI and CRP shared 36% of common
genes (rGWC � 0.37, and rGBMI � 0.36); in
females, WC and CRP shared 41%, and
BMI and CRP shared 38% (rGWC �
0.41, and rGBMI �0.38). The influence of
unique environmental factors on two
traits (CRP-WC or CRP-BMI) was not
highlycorrelated (rE �0.10 inmales, and
rE � 0.11 in females).

Genetic contribution to the correla-
tion between two phenotypes, CGCP, was estimated to be
0.22 in males and 0.24 in females for both CRP-WC and
CRP-BMI. The total phenotypic correlation in males
was rTP � 0.25 based on the AE model, and the pro-
portion of the total observed phenotypic correlation
that is attributable to genetic factors in males was 88%
[(0.22/0.25) � 100]. Similarly, 86 – 89% [(0.24/0.28) �

100 or (0.24/0.27) � 100] of the total phenotypic cor-
relations between each adiposity measure (WC and
BMI) and CRP (rTP � 0.28 and 0.27) is determined by
common genes in females. Common unique environ-
mental factors explained only 11–14% of the total phe-
notypic correlation in both sexes.

Discussion

In this study, we systematically characterized the impact of
pubertal development, gender, and adiposity distribution
on CRP levels in children and adolescents across a wide
age range. Our data document prevalent subclinical in-
flammation in these healthy Chinese twins. Fully 13% of
the children in this relatively lean cohort had CRP con-
centrations in the range that identifies adults at high risk

FIG. 1. Pattern of plasma CRP across age (A) and Tanner stage (B) stratified by gender in
Chinese adolescent twins aged 13–21 yr. Log (CRP) levels rise with increasing age and Tanner
stage in males but not in females after adjustment for fat mass. Data are given as the mean �
SEM for each Tanner stage in B. P trend is for log (CRP) across age or Tanner stage in each
gender; *, P � 0.05, compared with males at same Tanner stage.
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of CVD. This is similar to the levels found in a report on
native Canadian children who experience high rates of
overweight (29). This surprising finding suggests that a
substantial number of children from this relatively lean
population may be at risk for developing atherosclerotic
disease in early adulthood.

Consistent with a previous study (23), we found that
although CRP rises with age, the patterns differ for males
and females. We also found that pubertal development
modifies CRP levels in both genders. However, in our
study, CRP was associated with age and pubertal devel-
opment apart from the degree of obesity in males only.
One potential explanation may be due to a gender differ-
ence in adiponectin level during puberty, which may link
the association between CRP and pubertal development.
One recent study showed that there was a remarkable
decline in adiponectin levels with the progression of pu-

berty in boys, which was not seen in girls (30). Moreover,
Winer et al. (31) reported that adiponectin could play a
role in modulating CRP levels.

Previous results regarding circulating CRP levels in
both genders were inconsistent (32–34). Some studies (32,
33) found that CRP levels were generally higher in males
compared with females, whereas another study found just
the opposite (34). In line with previous studies (32, 33), we
found that males at later puberty had significantly higher
CRP levels than females in our population, which is con-
sistent with widely recognized evidence that men have a
higher prevalence of CVD than women. The gender dif-
ference in CRP levels may presumably relate to a gender-
specific regulation of CRP during puberty. The higher
CRP levels of women with hyperandrogenism (35) have
suggested that gender-related differences in sex steroid

FIG. 2. Association of adiposity measures with the risk of elevated plasma CRP in adolescents aged 13–21 yr. Model 1 was adjusted for active and
passive smoking, Tanner stage, and age; model 2 was additionally adjusted for fat mass in addition to the adjustments for confounders in model
1. Elevated CRP was defined in two ways: 1) above gender- and age-specific top quartile and 2) in the range of 3–10 mg/liter.

TABLE 2. Association of adiposity measures with plasma CRP level among male and female twins aged 13–21 yr

Adiposity
z-score

Males Females

n � SE P value Partial r2 n � SE P value Partial r2

Model 1
WC 616 0.22 0.04 �0.0001 0.0366 520 0.31 0.05 �0.0001 0.0665
BMI 613 0.23 0.05 �0.0001 0.0516 518 0.31 0.05 �0.0001 0.0788
%BF 613 0.15 0.05 0.0010 0.0296 516 0.31 0.05 �0.0001 0.0881
%TF 615 0.14 0.04 0.0021 0.0185 519 0.19 0.05 0.0005 0.0317
%LF 615 �0.14 0.04 0.0014 0.0196 519 �0.22 0.05 �0.0001 0.0387
TLR 615 0.15 0.04 0.0006 0.0223 519 0.21 0.05 0.0001 0.0365

Model 2
WC 615 0.18 0.07 0.0113 0.0107 519 0.11 0.09 0.2277 0.0075
TLR 615 0.10 0.05 0.0370 0.0073 519 0.07 0.06 0.2089 0.0033

Of 1084 participants in whom zygosity was determined, 332 pairs were monozygotic and 210 pairs were dizygotic. Model 1 was adjusted for
active and passive smoking, Tanner stage, and age; model 2 was additionally adjusted for fat mass in addition to the adjustments for confounders
in model 1. �, �-Coefficient.
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hormones might have a key role in low-grade chronic
inflammation.

In our sample of predominantly healthy twins, the sig-
nificant link between CRP and adiposity was emphasized
by generally rising CRP concentrations with rising adi-
posity measure z-scores, irrespective of age and Tanner
stage. The contribution of adiposity to CRP was of greater
magnitude in females than in males, but the contribution
of WC and TLR to CRP was modest compared with the
impact of total fat mass in females. We also observed con-
sistent relationships between adiposity and the risk of el-
evated CRP. Moreover, the results were not changed by
the inclusion of individuals with CRP above 10 mg/liter
(data not shown). These findings confirm and extend pre-
vious studies in pediatric cohorts that have uniformly
identified adiposity as the most important determinant of
CRP level (17–20) in our lean subjects. Our findings may
provide a pathway underlying the interrelations among
adiposity, CRP, and CVD. The mechanisms by which
body fat mediates inflammation are not entirely under-
stood. One potential mechanism is the direct sourcing of
proinflammatory cytokines such as IL-6 and TNF-� from

adipose tissue, driving hepatic synthesis of CRP (12, 36).
Another possible explanation is that these two processes
may share a common underlying mechanism, such as a
common genetic vulnerability. Our heritability estimates
are consistent with the study in adult twins (37) and sug-
gest that a considerable part of the variation in CRP can be
explained by genetic factors. Moreover, our findings in-
dicated that 86–89% of the correlation between CRP and
adiposity (BMIandWC)wasdue to sharedgenetic factors.
These results suggest that CRP and adiposity may be the
expression of a common biological pathway that is genet-
ically modulated. We intend to follow this population be-
yond sexual maturity, when the relationships of CRP and
adiposity are not so predominantly influenced by growth
and development.

Our study also yielded another novel finding; %LF was
negatively correlated with both plasma CRP and the risk
of elevated CRP in both males and females. This extends
the findings of previous reports showing inverse relation-
ships between leg fat and other cardiovascular risk factors
(38, 39). To the best of our knowledge, no previous epi-
demiological evidence is available regarding the role of

FIG. 3. Estimates of genetic and environmental correlations between CRP and WC (A) and BMI (B). Data are presented as parameter estimates
(95% CI). All variance components were estimated with inclusion of age and Tanner stage as covariates in the models. A and E denote a
percentage of total phenotypic variance accounted for by genetic factors and environmental factors, respectively. CGCP and CUCP, Genetic and
unique environmental contribution to the correlation between CRP and adiposity measure, respectively; rE, unique environmental correlation
between two phenotypes; rG, genetic correlation between two phenotypes; rTP, total phenotype correlation between CRP and adiposity measures.
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%LF in plasma CRP levels among adolescents. The rea-
sons for this association and its implications merit further
research.

This study has several strengths. First, the data were
drawn from a population-based twin cohort with accurate
ascertainment of zygosity. Second, adiposity measures
were DEXA based. Third, study participants were healthy
Chinese adolescents and young adults, with few of the
confounders that affect Western studies. Our study also
has limitations. First of all, the cross-sectional design pre-
cludes cause-effect conclusions. Although the twin design
allowed for an estimation of the genetic correlation be-
tween two phenotypes, we cannot generalize our findings
to nontwin populations. In addition, DEXA does not al-
low for the separate quantification of sc and visceral fat in
the trunk, which may affect CVD risk. This study also is
limited in that each subject had only a single CRP mea-
surement, but day to day variability in CRP was likely
reduced by using a high-sensitivity method for CRP
analysis.

In conclusion, the results of this population-based
study show that there are gender-specific variations in
CRP level during adolescence. Both generalized and ab-
dominal fat are associated with increased plasma CRP
concentration in males, whereas the relation between ab-
dominal adiposity and CRP levels in females is dependent
on total fat mass. %LF is inversely associated with ele-
vated CRP levels in both genders. In addition, genetic fac-
tors substantially contribute to CRP levels and also to the
phenotypic correlations between CRP and adiposity mea-
sures. These results suggest that adiposity is a strong de-
terminant of CRP during adolescence even in a nonobese
population, and CRP and adiposity may be expressed by
a genetically modulated common biological pathway.
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