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ABSTRACT C-reactive protein (CRP), an acute-phase reactant and marker of inflammatory
response, is known to be an important predictor of future cardiovascular mortality, independent
of other risk factors. The purpose of this research was to investigate the association between
CRP, adiposity, and blood pressure in the Yakut, an indigenous Siberian population undergoing
rapid cultural change. We conducted a cross-sectional study of 265 healthy Yakut adults in six
villages in rural northeastern Siberia. Plasma CRP was measured by high-sensitivity immuno-
turbidimetric assay. The median CRP value was 0.85 mg/l, with values for the 25th, 50th, and
75th percentiles of 0.30, 0.85, and 2.28 mg/l, respectively. CRP was positively associated with
age (r ¼ 0.19; P ¼ 0.002), but not plasma lipids or smoking status. CRP was associated with
measures of central adiposity and characteristics of the metabolic syndrome, particularly in
women. We found significantly higher CRP across quintiles (Q) of waist circumference for
women (difference ¼ 0.7 mg/l; P ¼ 0.035), but not men (difference ¼ 0.36 mg/l; P ¼ 0.515). CRP
was significantly associated with systolic blood pressure in men (difference, Q1 vs. Q5 ¼ 1.1 mg/
l; P ¼ 0.044) but not women (difference, Q1 vs. Q5 ¼ 0.03 mg/l; P ¼ 0.713) after adjusting for
age, waist circumference, and smoking status. CRP in the Yakut was considerably lower than
was reported for other populations. The low CRP levels may be explained in part by a low preva-
lence of abdominal obesity. Among the Yakut, the high physical-activity demands of a tradi-
tional herding lifeway likely play a role through high energy expenditure and maintenance of
negative energy balance. Our findings underscore the need for further research on the meta-
bolic activity of adipose tissue, blood pressure, and inflammatory activation in non-Western pop-
ulations. Am. J. Hum. Biol. 18:766–775, 2006. ' 2006 Wiley-Liss, Inc.

C-reactive protein (CRP) is an acute-phase
reactant activated by cellular injury or infec-
tion, produced by hepatocytes and regulated
primarily by interleukin-6 (IL-6) (Roberts
et al., 2000). Upon activation, CRP levels in
circulation increase rapidly up to 1,000-fold
(Danesh et al., 2000). CRP is a highly sensi-
tive marker of systemic inflammation, infec-
tion, and tissue injury. The recognition in
recent years of the critical role of the inflam-
matory process in atherogenesis (Gotto
and Pownall, 1999; Ross, 1999), insulin
resistance syndrome (Yudkin et al., 1999),
and hypertension (Bautista et al., 2005;

Chae et al., 2001) has generated intense in-
terest in the role that CRP and other inflam-
matory cytokines play in the multifactorial
etiology of these diseases (Chae et al., 2001;
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Mohamed-Ali et al., 1997, 1998; Ridker,
2001).
Several investigators showed that baseline

elevations (>2–3 mg/l) of CRP detected by
high-sensitivity assay (Roberts et al., 2000)
are associated with atherosclerotic disease
risk (Lagrand et al., 1999; Libby and Ridker,
1999). These low levels are approximately one
order of magnitude lower than those seen in
infection or in chronic inflammatory diseases
such as rheumatoid arthritis. In a recent
American Heart Association/Centers for Dis-
ease Control and Prevention scientific state-
ment on inflammatory markers and cardiovas-
cular disease (CVD), it was suggested that a
CRP cutpoint of >3.0 mg/dl is associated with
increased risk of CVD, a range of 1.0–3.0 mg/
dl with average risk, and <1.0 mg/dl with low
risk (Pearson et al., 2003). These values repre-
sent the approximate tertiles of the US adult
population distribution. In multiple prospec-
tive studies, elevated CRP was linked with
future risk of myocardial infarction, stroke,
peripheral artery disease, and sudden cardiac
death, independent of other CVD risk factors
(Koenig et al., 1999; Ridker et al., 1998, 2000,
2002; Rifai and Ridker, 2003).
Current research suggests that adiposity

plays a key role in the association between
chronic inflammation, elevated CRP, and risk
for CVD (Danesh et al., 2000; Ford, 1999;
Visser et al., 1999; Yudkin et al., 1999). This is
in part due to the production of IL-6 and other
proinflammatory cytokines by adipocytes,
leading to increased hepatic CRP production
and chronic low-level inflammation. Body-fat
patterning appears to be important in this
process, as abdominal body fat (in particular,
visceral adipose tissue) is more metabolically
active than peripheral subcutaneous tissue
(Mohamed-Ali et al., 1998).
Recent studies found a link between hyper-

tension, inflammation, and CRP levels, sug-
gesting a direct link between elevated blood
pressure and atherogenesis (Blake et al.,
2003; Chobanian and Alexander, 1996; Sesso
et al., 2003), yet the precise mechanisms and
possible linkages with body fat and other met-
abolic risk factors are unclear.
Several researchers proposed the use of

CRP as a screening tool for cardiovascular risk
assessment in the general population (Ridker,
2001; Ridker et al., 2000), but little is known
about variation in high-sensitivity CRP in
relation to cardiovascular risk among non-
European populations. Commercially avail-
able assays and standardized laboratory

procedures for measuring CRP have become
available in the past 5 years (Hutchinson
et al., 2000; Rifai et al., 1999; Roberts et al.,
2000), and the stability and sample preserva-
tion characteristics of CRP and other cyto-
kines were recently investigated (Pai et al.,
2002), yet to date, relatively few population
studies have been conducted in non-European
populations using a high-sensitivity assay.
This study contributes to this emerging

research by investigating variation in CRP in
relation to adiposity, blood pressure, and other
physiologic CVD risk markers in a circumpo-
lar population undergoing rapid cultural, soci-
oeconomic, and lifestyle changes. The purpose
of this paper is to examine the potential link
between body fat, blood pressure variation,
and CRP in an indigenous North Asian popu-
lation, and to compare CRP in the Yakut to
values found in other populations.

STUDY POPULATION

The Sakha (Yakut) are a Turkic-speaking
population of nearly 400,000 residing in the
Sakha (Yakutia) Autonomous Republic of the
Russian Federation in northeastern Siberia,
from 56–738 North and 107–1728 East. Tradi-
tionally, the Yakut subsist by herding cattle
and horses in the Lena River Valley. In more
remote parts of the boreal forest, the Yakut
engage in hunting and fishing, and in the
extreme north, practice nomadic reindeer
herding (Tokarev and Gurvich, 1956). There
are three ethnographically defined Yakut
groups, based on subsistence patterns and
clan origins: North reindeer herders, Viliui
cattle-breeder, and Central Sakha (Kangalas)
(Tokarev, 1940). The present study was con-
ducted among the Central Sakha. The Kanga-
las practice cattle and horse breeding and re-
side primarily in the Lena River Valley, its
tributaries, and surrounding regions.
The Yakut are experiencing rapid accultura-

tion following the breakup of the Soviet Union
and the disbanding of the collective farming
system, resulting in a dramatic increase in car-
diovascular mortality. In 1999, the total mor-
tality rate for all cardiovascular diseases was
390.7 per 100,000, compared to a rate of 268.5
per 100,000 in 1985 (Sorensen, 2003).
The study design and methods for this work

were described previously (Sorensen et al.,
2005). Briefly, this study was conducted in col-
laboration with the Ministry of Health of the
Republic of Sakha (Yakutia) and the Institute
of Health of the Academy of Sciences of the
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Republic of Yakutia (Sakha). In 2001, the Min-
istry of Health conducted a household survey
to measure the economic, health, and nutri-
tional status of the population in a representa-
tive cross-sectional study. For the present
study, three villages (population �1,000) and
three towns (population >1,000) in two dis-
tricts were selected for investigation of CRP,
plasma lipids, blood pressure, and other physi-
ological parameters. The study districts were
rural, with economies based on milk production
and herding of cattle, horses, and reindeer. The
study communities were Dikimdye (n ¼ 55,
population 850), Asyma (n ¼ 33, population
1,000), and Berdygestiakh (n ¼ 58, population
4,000) in the Gorny district, and Khorobut (n ¼
54, population 650), Maia (n ¼ 32, population
11,000), and Nizhny Bestakh (n ¼ 33, popula-
tion 5,000) in the Megino-Kangalassky district.
The study was designed to provide a repre-

sentative sample from each district. Seventy
households were selected at random from the
household census register for each community
for inclusion in the study. All healthy men and
nonpregnant, nonlactating women in selected
households were eligible to participate. Alter-
nate households were contacted in cases
where a household was vacant. Women were
overrepresented in the sample because of the
timing of data collection. The study was con-
ducted during an important subsistence pe-
riod in late summer, when men travel deep
into the boreal forest to cut hay for the winter.
Consequently, in some communities, many of
the men were absent.
Data collected by questionnaire, and the

interview included basic sociodemographic and
household economic characteristics. CRP data
were collected from 178 female and 87 male
adults. Informed consent was obtained upon
study recruitment. This project was approved
by the Office for the Protection of Human Sub-
jects Institutional Review Board at Northwest-
ern University, and by the Ministry of Health
of the Republic of Sakha (Yakutia).

METHODS

Fasting blood samples were collected by veni-
puncture, using 5-ml EDTA vacutainers and sil-
iconized needles. Blood samples were collected
one time from each subject. Plasma was sepa-
rated in the field by centrifugation for 3–4 hr
following sample collection, and aliquoted into
2.5-ml polypropylene containers and frozen at
�208C for storage and transport to the US.

CRP does not appear to show seasonal or di-
urnal variation (Meier-Ewert et al., 2001), and
in the absence of inflammatory stimulus,
repeated measures in an individual are rela-
tively constant and cluster around a charac-
teristic value (Wilkins et al., 1998). CRP is a
very stable protein (Rifai and Ridker, 2003).
Several studies evaluated the reproducibility
and stability of CRP under a variety of condi-
tions, and generally found limited sample deg-
radation (<3–5%, with coefficients of variation
of �10%) after up to 3 weeks at room tempera-
ture, after multiple freeze-thaw cycles, and af-
ter up to 20 years at �708C (Aziz et al., 2003;
Giltay et al., 2003; Ledue and Rifai, 2003; van
Eijsden et al., 2005; Wilkins et al., 1998).

Samples were collected in a single 6-week
field season, and transported frozen on ice
packs to the US. Assays were conducted
4 months after data collection. We found no
systematic variation between CRP concentra-
tions and the timing or order of sample collec-
tion, and all samples were handled in the
same manner.

C-reactive protein (CRP) was analyzed
at the Clinical Chemistry Laboratory at the
Children’s Hospital, Harvard Medical School.
The concentration of CRP was determined by
immunoturbidimetric assay, using a Hitachi
911 analyzer (Roche Diagnostics, Indianapo-
lis, IN), using reagents and calibrators from
Denka Seiken (Niigata, Japan). The day-to-
day variability of the assay at concentrations
of 0.065 and 1.338 mg/dl is 9.4% and 1.1%,
respectively.

Serum lipids

Lipid fractions (total (TC) and high density
lipoprotein (HDL) cholesterol and triglycer-
ides (TG)) were determined using standard
enzymatic techniques at the Clinical Diagnos-
tic Laboratory of the Northwestern University
Feinberg School of Medicine. Low-density lip-
oprotein cholesterol (LDL) was estimated
using the Freidewald equation: LDL ¼ TC �
HDL �TG/5.

Anthropometry

Anthropometric measurements were taken
using standard techniques (Gibson, 2005).
Stature was measured to the nearest 1 mm,
using a GPM anthropometer (Seritex, Inc.,
East Rutherford, NJ); weight was measured to
the nearest 100 g, using an electronic scale
(Tanita Corp., Tokyo, Japan). Waist circumfere-
nce was measured midway between the lowest
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rib and the lateral iliac crest (Gibson, 2005).
Skinfold measurements (triceps, biceps, sub-
scapular, suprailiac, and periumbilical) were
taken to the nearest 0.5 mm, using Lange cali-
pers (Beta Technology, Inc., Santa Cruz, CA).
Derived indices included percent body fat, cal-
culated using four skinfolds (triceps, biceps,
subscapular, and suprailiac) and age- and sex-
specific equations (Durnin and Womersley,
1974), and body mass index (BMI, kg/m2).

Metabolic syndrome

Metabolic syndrome (MS) is typically defined
as the presence of three or more of the following
characteristics: 1) abdominal obesity (waist cir-
cumference >88 cm for women and >102 cm for
men); 2) hypertriglyceridemia (�150 mg/dl); 3)
low HDL (<50 mg/dl for women and <40 mg/dl
for men); 4) high blood pressure (�135/85 mm
Hg); and 5) high fasting glucose (�110 mg/dl)
(Grundy et al., 2004). Since we did not collect
data on fasting glucose, we used the first four
criteria in our analysis of the association be-
tween metabolic syndrome and CRP. The use of
only four criteria may lead to an underclassifica-
tion of metabolic syndrome in this study.

Statistical analyses

Statistical analyses were conducted using SAS
(SAS Institute, Cary, NC), and P � 0.05 was con-
sidered statistically significant. CRP values
greater than 10.0 mg/l were considered to indi-
cate current infection, and were excluded from
the analysis. One subject was excluded based on
this criterion, with a CRP value of 157 mg/l. The
CRP distribution was log-normal, and geometric

mean values were similar to median values for
both sexes. Spearman’s rho was used to examine
associations between CRP and sociodemographic
and anthropometric dimensions, serum lipids,
and blood pressure. Group comparisons were
evaluated using Wilcoxon’s two-sample test (i.e.,
theMann-Whitney union test). Analysis of covar-
iance was used to examine associations between
CRP and age, sex, anthropometric dimensions,
serum lipids, and blood pressure variables. For
these analyses, log-transformed CRP was used,
and statistical tests were conducted on log-trans-
formed least squares means. For some analyses,
key independent variables were analyzed as
quintiles of the distribution. The values were
then converted to geometric means by exponenti-
ating the log values. The distribution of CRP was
explored using cutpoints identified by Pearson
et al. (2003).

RESULTS

Descriptive statistics for key physiological
parameters are presented in Table 1. Twenty
percent of women and 18% of men were in the
‘‘high-risk’’ CRP group. The prevalence of
smoking was 18% for women and 42% for
men, similar to US women (20.0%), and higher
than the prevalence among US men (25.2%)
(Centers for Disease Control and Prevention,
2004). Thirty percent of women and 24% of
men had three or more characteristics of met-
abolic syndrome, compared to 23% of US
women and 24% of US men (Ford et al., 2002).
Women had a significantly higher percent
body fat (14% higher, P < 0.001), but not BMI
or waist circumference. The percentage of sub-

TABLE 1. Descriptive characteristics of study sample

Females (n ¼ 178) (67%) Males (n ¼ 87) (33%)

Age 44.7 (14.9) 45.5 (14.8)
Geometric mean CRP 0.90 (1.4) 0.80 (1.5)
Current smoker 34 (18%) 38 (42%)
CRP <1.0 mg/l 97 (54%) 51 (59%)
CRP between 1.0–3.0 mg/l 47 (26%) 20 (23%)
CRP >3.0 mg/l 34 (20%) 16 (18%)
Metabolic syndrome1 53 (30%) 21 (24%)
Waist circumference (cm) 99.7 (10.5) 99.0 (8.4)
Body mass index (kg/m2) 25.1 (5.3) 25.3 (4.7)
Percent body fat (four skinfolds)2 36.6 (6.1)* 23.2 (6.9)
Total cholesterol (mg/dl) 175.8 (35.6) 171.9 (37.5)
High-density lipoprotein (mg/dl) 49.3 (14.1) 44.8 (14.3)
Triglycerides (mg/dl) 75.0 (41.8) 84.6 (43.5)
Low-density lipoprotein (mg/dl) 111.7 (30.1) 110.2 (31.8)
Systolic blood pressure 135.8 (25.5) 143.5 (25.5)
Diastolic blood pressure 81.0 (13.2) 85.7 (14.6)

1Metabolic syndrome criteria as defined in Methods.
2Sum of triceps, biceps, subscapular, and suprailiac skinfolds.
*P < .001. Statistically significant difference between males and females; independent samples t-test.
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jects with BMI �30 was 14% in men and 13%
in women; the percentage with BMI �25 and
<30 was 27% in men and 29% in women (data
not shown in Table 1). Geometric mean CRP
concentrations were 0.90 mg/l for women and
0.80 mg/l for men. Female smokers had higher
CRP than nonsmokers (0.80 mg/l vs. 1.14 mg/l),
whereas CRP was higher in male nonsmokers
(0.99 mg/l vs. 0.62) (data not shown in table).
Increasing education was associated with
lower CRP in women, and with higher CRP in
men (data not shown in table).
The CRP distribution was highly skewed,

with values for the 25th, 50th, and 75th per-
centiles of 0.30, 0.85, and 2.28 mg/l, respec-
tively. There was a significant increase with
age in women (P ¼ 0.011), but not men (P ¼
0.188) (Table 2). For women, median values
increased from 0.97 to 1.47 mg/l between ages
18–34 and 55 and older (P ¼ 0.022). CRP con-
centrations were lowest for women aged 35–
44 (0.56 mg/l); the highest values were among
women aged 55–64 (1.47 mg/l). For men, me-
dian CRP was 0.60 for ages 18–34, and 1.00
for ages 55 and older. The highest values were

for men aged 55 and older (1.00 mg/l), followed
by ages 45–54 (0.69 mg/l).

In women, CRP levels were significantly
higher with increasing quintiles of BMI and
waist circumference, but not percent body fat
(Table 3). Geometric mean values increased
from 0.70 mg/l for the lowest quintile of both
BMI and percent body fat to 1.30 mg/l for the
upper quintile of both measures. The differ-
ence in means from the lowest to the highest
quintile group was similar for BMI, percent
body fat, and waist circumference (0.60 mg/l
for BMI and percent body fat; 0.70 mg/l for
waist circumference). The difference was sig-
nificant for BMI and waist circumference, but
not percent body fat. For men, we found no
evidence of a trend in CRP across quintiles of
adiposity measures.

CRP was significantly associated with plasma
triglycerides (P ¼ 0.002) in women, but not with
total, LDL, or HDL cholesterol. In men but not
women, CRP was significantly associated with
systolic blood pressure (P ¼ 0.043).

Metabolic syndrome (MS) was associated
with significantly higher median CRP in
women (1.15 vs. 0.67 mg/l; P ¼ 0.010), but not
in men (0.92 vs. 0.60 mg/l; P ¼ 0.288). There
was a consistent increase in CRP with increas-
ing number of MS characteristics. Median
CRP concentrations for those with 1, 2, 3, or 4
MS criteria were 0.39, 0.60, 0.95, 1.11, and
0.56, respectively (P ¼ 0.034 for trend).

We conducted regression analyses to exam-
ine the effects of adiposity variables and sys-
tolic blood pressure, controlling for the poten-
tial confounders of age and smoking status.
This analysis indicated that abdominal fat, as
measured by waist circumference, was the
strongest predictor of plasma CRP concentra-
tion in the sample, followed by age, both of
which showed a significant positive association

TABLE 2. Serum C-reactive protein by age group,
raw data values

Age group N Geometric mean Median

Men
18–34 years 20 0.58 (2.2) 0.60
35–44 years 26 0.46 (1.7) 0.40
45–54 years 22 0.84 (2.1) 0.69
55 and older 19 1.04 (2.0) 1.00
All ages 87 0.80 (1.4) 0.64

Women
18–34 years 42 0.75 (1.9) 0.97
35–44 years 52 0.53 (1.2) 0.56
45–54 years 48 0.98 (1.7) 0.86
55 and older 36 1.22 (2.3) 1.47
All ages 178 0.90 (1.4) 0.91

TABLE 3. Least squares mean CRP values by quintile of body mass index, percent body fat, and waist circumference
for Yakut males and females, with values adjusted for age

Geometric mean CRP value

P-value1 P-value for trend2Q1 Q2 Q3 Q4 Q5

Men
Quintile of BMI 0.66 0.72 1.06 1.04 0.75 0.797 0.810
Quintile of percent body fat 0.48 1.02 1.08 0.92 0.82 0.326 0.537
Quintile of waist circumference 0.62 1.00 1.23 0.67 0.84 0.599 0.623

Women
Quintile of BMI 0.69 0.66 0.75 1.33 1.31 0.042 0.045
Quintile of percent body fat 0.68 0.95 0.78 0.78 1.26 0.059 0.368
Quintile of waist circumference 0.62 0.63 0.84 1.35 1.29 0.016 0.024

1P-value is for the difference in least squares means, Q1 vs. Q5.
2P-value for trend is based on the F test for simultaneous equality for means.
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with log-transformed CRP values. CRP for
women at the highest quintile of waist circum-
ference was 0.67 mg/l higher than at the lowest
quintile (P ¼ 0.036). There was a consistent
increase in CRP with increasing waist circum-
ference in women, but in men, the highest CRP
values were found with the second and third
quintiles of waist circumference (Fig. 1).
Systolic blood pressure (SBP) was signifi-

cantly positively associated with CRP in men
after adjusting for potential confounders
including age, smoking status, and waist cir-
cumference. CRP was significantly higher for
the upper vs. lower SBP quintile (Q) for men
alone and men and women together (geo-
metric least squares mean CRP was 0.30 mg/l
for Q1 vs. 1.36 mg/l for Q5, P ¼ 0.044). The
results are shown in Figure 2. This finding
indicates an association between inflamma-
tion and blood pressure for Yakut men.

Comparison of CRP in the Yakut
to other populations

Comparison of median CRP in the Yakut rela-
tive to the US and various European popula-
tions is shown in Table 4. Median concentra-
tions for the Yakut were lower than for the other
populations, particularly in older age groups.
We compiled data on CRP in several non-Euro-
pean populations to contextualize our study
findings. These studies did not report on CRP
distributions, but provided medians or geomet-
ric means which can be used for comparison.
The largest non-European study conducted to
date is the Jichi Medical Cohort Study from Ja-
pan (Yamada et al., 2001), which examined
2,275 men and 3,832 women aged 30 and older.

The authors reported geometric mean values for
the Japanese population of 0.83 and 0.59 mg/l
for men and women, respectively. These concen-
trations are similar to those in Yakut men, but
are lower than those in Yakut women. In a
study on CRP in 113 South Asians and Euro-
pean residents of London aged 40–55, Forouhi
et al. (2001) reported geometric mean values of
1.07 and 1.35 mg/l for South Asian men and
women, respectively. In the Turkish Adult Risk
Factor Survey of 1,046 adult men and women,
Onat et al. (2001) reported geometric mean val-
ues of 1.9 and 2.0 mg/l for men and women,
respectively. In our study, median values were
higher in women than in men, especially those
45 and older, whereas in the Scottish (Imhof
et al., 2003) and Japanese population samples,
the values were higher in men. CRP concentra-
tions were similar for men and women in the
US sample and in Germany (Imhof et al., 2003).

DISCUSSION

As in prior studies of high-sensitivity CRP,
the values were highly right-skewed, with a
log-normal distribution. Approximately 90% of
the values were less than 5.0 mg/l for both
sexes, and less than 5% of values were greater
than 10.0 mg/l. Geometric mean values were
0.90 mg/l for women, and 0.80 mg/l for men.
The 25th, 50th, and 75th percentiles were 0.40,
0.90, and 2.20 for women, and 0.30, 0.60, and
2.60 for men. In a recent publication with data
from four separate US population-based stud-
ies for 22,403 healthy US men and women, the
25th, 50th, and 75th percentiles of CRP were
0.80, 1.50, and 3.20 mg/l for men, and 0.61,

Fig. 1. Geometric mean CRP by quintile of waist cir-
cumference for males and females, adjusted for age and
smoking status. *P < 0.05, Q5 vs. Q1, within sex.

Fig. 2. Geometric mean CRP by quintile of systolic
blood pressure for males and females adjusted for age,
waist circumference, and smoking status. *P < 0.05, Q5
vs. Q1, within sex.
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1.52, and 3.48 for women (Rifai and Ridker,
2003). In a European study with values from
2,291 healthy men and 2,203 healthy women
from Augsburg, Germany, and 604 men and
650 women from Glasgow, Scotland, median
CRP values ranged from 0.75–2.40 mg/l across
age groups (Hutchinson et al., 2000). CRP val-
ues for the Yakut were lower than values found
in the US population.
Geometric mean CRP values were similar

for men and women (0.80 vs. 0.90 mg/l). We
found a positive association with age for
women but not men, most likely because of
the smaller male sample size. CRP was found
to be positively associated with age in some
studies (Hutchinson et al., 2000; Yamada
et al., 2001), but not in others (Forouhi et al.,
2001). CRP values tend to be lower in younger
subjects (Roberts et al., 2000), and the incon-
sistent association with age may be related to
differences in the median age of subjects in
different studies. The association with sex
was inconclusive in previous work. In a study
of healthy Japanese men and women, plasma
CRP was significantly and substantially hi-
gher in men (Yamada et al., 2001), whereas
Rifai and Ridker (2003) found no sex differen-
ces in CRP in their study of more than 22,000
US adults. Hutchinson et al. (2000) found sig-
nificantly higher CRP values among women in
Germany, but no sex difference in Scotland.
The lack of association with smoking in our

study is puzzling and warrants further inves-
tigation. Male and female smokers in our

study were younger, with lower adiposity,
waist circumference, total cholesterol, HDL,
and triglycerides but higher blood pressure.

We found sex-specific patterns of variation
in CRP. For women, the strongest associations
were with measures of centripetal adiposity,
BMI, and waist circumference. Waist circum-
ference is an indirect measure of visceral fat,
which is believed to be an important source of
the proinflammatory cytokines (TNF-a and
IL-6) that increase hepatic CRP production
(Forouhi et al., 2001). These associations may
explain the relationship between CRP and
measures of adiposity found in this study. For
women, we found significant associations
between CRP and triglycerides, but not TC or
LDL. The presence of elements of metabolic
syndrome was associated with significantly
higher CRP in women but not in men. Our
results are similar to other studies that found
associations with triglycerides and markers of
insulin resistance syndrome, but not total or
LDL cholesterol. We found no associations
with HDL and systolic or diastolic blood pres-
sure in women.

The associations with measures of centripe-
tal and total adiposity for women suggest that
increased central adiposity (and by implica-
tion, visceral adipose tissue) in women is met-
abolically active and results in inflammatory
activation, resulting in increased CRP produc-
tion by the liver. Proinflammatory cytokines
produced by adipose tissue (TNF-a and IL-6)
were not measured in this study, but the

TABLE 4. Distribution of CRP (mg/l) for Yakut and various comparative populations

Study N Age Median References

Men
Present study 46 25–44 0.54
Present study 41 45–74 0.92
PHS/AFCAPS/WHI/WHS (USA) 1 40–84 1.50 Rifai and Ridker, 2003
MONICA, Augsburg, Germany 869 25–44 0.90 Imhof et al., 2003

1,424 45–74 1.60
MONICA, Glasgow, Scotland 158 25–44 0.80 Imhof et al., 2003

256 45–74 1.40
MONICA/KORA, Germany 800 25–44 0.70 Imhof et al., 2003

1,256 45–74 1.50
Women
Present study 94 25–44 0.59
Present study 84 45–74 1.20
PHS/AFCAPS/WHI/WHS (USA) 1 40–84 1.52 Rifai and Ridker, 2003
MONICA, Augsburg, Germany 624 25–44 0.70 Imhof et al., 2003

1,031 45–74 1.70
MONICA, Glasgow, Scotland 168 25–44 0.60 Imhof et al., 2003

297 45–74 1.20
MONICA/KORA, Germany 645 25–44 0.70 Imhof et al., 2003

865 45–74 1.60

1Sample size for men and women not reported in paper, combined sample 22,403.
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higher CRP values found across levels of
increasing waist circumference suggest that
these cytokines may also show an increase
with higher waist circumference in women.
In men, CRP was associated with systolic

blood pressure. Blood pressure was very high
in the study, and the rate of hypertension was
50% among men and 36% in women. In the
most isolated communities, the rate of hyper-
tension approached 70% in men. The preva-
lence of hypertension and high normal blood
pressure was higher in men, and the associa-
tion between CRP and systolic blood pressure
indicates a different clustering of CVD risk
than for women.
The association with blood pressure but not

with abdominal fat in men is suggestive of a
hypertension-induced activation of the inflam-
matory response. There are several pathways
through which high blood pressure may lead to
elevated CRP. Hypertension may directly cause
inflammation in vascular smooth muscle cells
through mechanical stress on vessel walls,
leading to increased proinflammatory cytokine
production (Blake et al., 2003). The renin-
angiotensin system may also play a role. Angio-
tensin II stimulates production of IL-6 and
other inflammatory chemokines by vascular
smooth muscle cells (Han et al., 1999; Kranz-
hofer et al., 1999). In a cross-sectional study of
508 healthy men, Chae et al. (2001) found
strong associations between blood pressure and
IL-6, an upstream regulator of hepatic CRP
production. Bautista et al. (2001) found CRP to
be independently associated with blood pres-
sure after adjusting for age, sex, BMI, and
other potential confounders in 300 Colombian
men. Alternatively, it is possible that CRP may
promote hypertension directly by stimulating a
variety of chemokines with vasoconstrictive
effects, including endothelin-1 and soluble
intercellular adhesion molecule-1 (Blake et al.,
2003; Verma et al., 2002).
For men, we found no association between

CRP and adiposity measures. The lack of associ-
ation in men may indicate lower visceral fat
depots in men relative to women for a given
BMI and waist circumference. BMI and waist
circumference were similar for male and female
subjects, but men had significantly lower per-
cent body fat. These differences may be the
result of greater physical activity among men
and are reflective of a more general pattern in
Siberia, with women at greater risk for CVD
(Leonard et al., 1994; Sorensen et al., 2005).
The plasma CRP values found among the

Yakut are lower than those found in previous

studies, with the exception of the Jichi Medi-
cal Cohort Study in Japan (Yamada et al.,
2001). The geometric mean values are lower
than those found among the US and European
general populations, yet show a similar mod-
est and significant rise with age.
This study has several limitations. Our

study was cross-sectional, and it was not possi-
ble to determine a causal relationship between
CRP and blood pressure. The research was
based on a single measurement of CRP, which
may limit our understanding of a subject’s
long-term values. CRP shows considerable in-
traindividual variability, more so than choles-
terol or other CV risk factors, and two separate
measurements may be required to account for
this variability (Pearson et al., 2003).
The high rates of cardiovascular mortality

among the Yakut suggest a high degree of ath-
erosclerotic burden, yet CRP concentrations
were low relative to other populations, despite
the prevalence of abdominal obesity. Among
the Yakut, the high physical-activity demands
of a traditional herding lifeway may play a
role through high levels of energy expenditure
and maintenance of a negative energy bal-
ance. Snodgrass (2004) found physical-activity
levels consistent with light to moderate work-
loads in a study of 28 residents of Berdyges-
tiakh, one of the towns in the present study.
Previous work with other Siberian popula-
tions found higher physical-activity levels in
small villages and settlements, and lighter
workloads in larger towns (Leonard, 2003;
Leonard et al., 2005). Emerging evidence indi-
cates that increased energy expenditure and
induction of a negative energy balance have a
suppressive effect on circulating levels of
inflammatory cytokines and markers of insu-
lin resistance syndrome (Esposito et al., 2003;
Klein et al., 2004; You et al., 2004), suggest-
ing that chronic low-level inflammatory acti-
vation may explain in part the increased
prevalence of cardiovascular disease and the
insulin resistance syndrome found among
populations undergoing modernization and
rapid cultural change. Increased abdominal
obesity is a key element of the biological
response to modernization, and results from
declining physical activity and consumption
of a hypercaloric diet high in saturated fats
and simple sugars (Leonard et al., 2002;
McGarvey et al., 1989; Shephard and Rode,
1996). Further research is needed on the dis-
tribution of CRP, other inflammatory cyto-
kines, and their lifestyle correlates among
populations in transition.

773CRP AND CARDIOVASCULAR RISK IN YAKUT

American Journal of Human Biology DOI 10.1002/ajhb



ACKNOWLEDGMENTS

We are grateful to the study participants and
residents of the study communities. Comments
by Thomas McDade and Christopher Kuzawa
at Northwestern University and by anonymous
reviewers were helpful in improving the manu-
script. Discussions with Dr. Jaime Borenstajn
at Northwestern University Medical School
were helpful in developing this project.

LITERATURE CITED

Aziz N, Fahey JL, Detels R, Butch AW. 2003. Analytical
performance of a highly sensitive C-reactive protein-
based immunoassay and the effects of laboratory varia-
bles on levels of protein in blood. Clin Diagn Lab Immu-
nol 10:652–657.

Bautista LE, Lopez-Jaramillo P, Vera LM, Casas JP, Otero AP,
Guaracao AI. 2001. Is C-reactive protein an independent
risk factor for essential hypertension? J Hypertens 19:857–
861.

Bautista LE, Vera LM, Arenas IA, Gamarra G. 2005. Inde-
pendent association between inflammatory markers (C-
reactive protein, interleukin-6, and TNF-alpha) and ess-
ential hypertension. J Hum Hypertens 19:149–154.

Blake GJ, Rifai N, Buring JE, Ridker PM. 2003. Blood pres-
sure, C-reactive protein, and risk of future cardiovascu-
lar events. Circulation 108:2993–2999.

Centers for Disease Control and Prevention. 2004. Cigarette
smoking among adults—United States, 2002. MMWR 53:
427–431.

Chae CU, Lee RT, Rifai N, Ridker PM. 2001. Blood pressure
and inflammation in apparently healthy men. Hyperten-
sion 38:399–403.

Chobanian AV, Alexander RW. 1996. Exacerbation of ather-
osclerosis by hypertension. Potential mechanisms and
clinical implications. Arch Intern Med 156:1952–1956.

Danesh J, Whincup P, Walker M, Lennon L, Thomson A,
Appleby P, Gallimore JR, Pepys MB. 2000. Low grade
inflammation and coronary heart disease: prospective
study and updated meta-analyses. Br Med J [Clin Res]
321:199–204.

Durnin J, Womersley J. 1974. Body fat assessed from total
body density and its estimation from skinfold thickness:
measurements on 481 men and women aged from 16 to
72 years. Br J Nutr 32:77–97.

Esposito K, Pontillo A, Di Palo C, Giugliano G, Masella M,
Marfella R, Giugliano D. 2003. Effect of weight loss and
lifestyle changes on vascular inflammatory markers in
obese women: a randomized trial. JAMA 289:1799–1804.

Ford ES. 1999. Body mass index, diabetes, and C-reactive
protein among U.S. adults. Diabetes Care 22:1971–1977.

Ford ES, Giles WH, Dietz WH. 2002. Prevalence of the met-
abolic syndrome among US adults: findings from the
third National Health and Nutrition Examination Sur-
vey. JAMA 287:356–359.

Forouhi NG, Sattar N, McKeigue PM. 2001. Relation of C-
reactive protein to body fat distribution and features of
the metabolic syndrome in Europeans and South Asians.
Int J Obes Relat Metab Disord 25:1327–1331.

Gibson R. 2005. Principles of nutritional assessment. New
York: Oxford.

Giltay EJ, Geleijnse JM, Schouten EG, Katan MB, Krom-
hout D. 2003. High stability of markers of cardiovascular
risk in blood samples. Clin Chem 49:652–655.

Gotto AM, Pownall HJ. 1999. Manual of lipid disorders:
reducing the risk for coronary heart disease. Baltimore:
Lippincot Williams & Wilkins.

Grundy SM, Brewer HB Jr, Cleeman JI, Smith SC Jr, Len-
fant C. 2004. Definition of metabolic syndrome: report of
the National Heart, Lung, and Blood Institute/American
Heart Association conference on scientific issues related
to definition. Circulation 109:433–438.

Han Y, Runge MS, Brasier AR. 1999. Angiotensin II in-
duces interleukin-6 transcription in vascular smooth
muscle cells through pleiotropic activation of nuclear fac-
tor-kappa B transcription factors. Circ Res 84:695–703.

Hutchinson WL, Koenig W, Frohlich M, Sund M, Lowe GD,
Pepys MB. 2000. Immunoradiometric assay of circulating
C-reactive protein: age-related values in the adult gen-
eral population. Clin Chem 46:934–938.

Imhof A, Frohlich M, Loewel H, Helbecque N, Woodward
M, Amouyel P, Lowe GD, Koenig W. 2003. Distributions
of C-reactive protein measured by high-sensitivity assays
in apparently healthy men and women from different
populations in Europe. Clin Chem 49:669–672.

Klein S, Fontana L, Young VL, Coggan AR, Kilo C, Patterson
BW, Mohammed BS. 2004. Absence of an effect of liposuc-
tion on insulin action and risk factors for coronary heart
disease. N Engl J Med 350:2549–2557.

Koenig W, Sund M, Frohlich M, Fischer HG, Lowel H, Dor-
ing A, Hutchinson WL, Pepys MB. 1999. C-reactive pro-
tein, a sensitive marker of inflammation, predicts future
risk of coronary heart disease in initially healthy middle-
aged men: results from the MONICA (Monitoring Trends
and Determinants in Cardiovascular Disease) Augsburg
Cohort Study, 1984 to 1992. Circulation 99:237–242.

Kranzhofer R, Schmidt J, Pfeiffer CA, Hagl S, Libby P,
Kubler W. 1999. Angiotensin induces inflammatory acti-
vation of human vascular smooth muscle cells. Arterio-
scler Thromb Vasc Biol 19:1623–1629.

Lagrand WK, Visser CA, Hermens WT, Niessen HW, Ver-
heugt FW, Wolbink GJ, Hack CE. 1999. C-reactive pro-
tein as a cardiovascular risk factor: more than an epiphe-
nomenon? Circulation 100:96–102.

Ledue TB, Rifai N. 2003. Preanalytic and analytic sources
of variations in C-reactive protein measurement: implica-
tions for cardiovascular disease risk assessment. Clin
Chem 49:1258–1271.

Leonard WR. 2003. Measuring human energy expenditure:
what have we learned from the flex-heart rate method?
Am J Hum Biol 15:479–489.

Leonard WR, Crawford MH, Comuzzie AG, Sukernik RI.
1994. Correlates of low serum-lipid levels among the
Evenki herders of Siberia. Am J Hum Biol 6:329–338.

Leonard WR, Galloway VA, Ivakine E, Osipova L, Kaza-
kovtseva M. 2002. Ecology, health and lifestyle change
among the Evenki herders of Siberia. In: Leonard WR,
Crawford MH, editors. Human biology of pastoral popu-
lations. Cambridge: Cambridge University Press. p 206–
235.

Leonard WR, Snodgrass JJ, Sorensen MV. 2005. Metabolic
adaptation in indigenous Siberian populations. Annu
Rev Anthropol 34:451–471.

Libby P, Ridker PM. 1999. Novel inflammatory markers of coro-
nary risk: theory versus practice. Circulation 100:1148–1150.

McGarvey ST, Bindon JR, Crews DE, Schendel DE. 1989.
Modernization and adiposity: causes and consequences.
In: Little MA, Haas JD, editors. Human population biol-
ogy: a transdisciplinary science. New York: Oxford Uni-
versity Press. p 263–279.

Meier-Ewert HK, Ridker PM, Rifai N, Price N, Dinges DF,
Mullington JM. 2001. Absence of diurnal variation of C-
reactive protein concentrations in healthy human sub-
jects. Clin Chem 47:426–430.

Mohamed-Ali V, Goodrick S, Rawesh A, Katz DR, Miles JM,
Yudkin JS, Klein S, Coppack SW. 1997. Subcutaneous adi-
pose tissue releases interleukin-6, but not tumor necrosis fac-
tor-alpha, in vivo. J Clin Endocrinol Metab 82:4196–4200.

774 M.V. SORENSEN ET AL.

American Journal of Human Biology DOI 10.1002/ajhb



Mohamed-Ali V, Pinkney JH, Coppack SW. 1998. Adipose
tissue as an endocrine and paracrine organ. Int J Obes
Relat Metab Disord 22:1145–1158.

Onat A, Sansoy V, Yildirim B, Keles I, Uysal O, Hergenc G.
2001. C-reactive protein and coronary heart disease in
western Turkey. Am J Cardiol 88:601–607.

Pai JK, Curhan GC, Cannuscio CC, Rifai N, Ridker PM,
Rimm EB. 2002. Stability of novel plasma markers asso-
ciated with cardiovascular disease: processing within 36
hours of specimen collection. Clin Chem 48:1781–1784.

Pearson TA, Mensah GA, Alexander RW, Anderson JL, Can-
non RO III, Criqui M, Fadl YY, Fortmann SP, Hong Y,
Myers GL, Rifai N, Smith SC Jr, Taubert K, Tracy RP, Vini-
cor F. 2003. Markers of inflammation and cardiovascular
disease: application to clinical and public health practice: a
statement for healthcare professionals from the Centers
for Disease Control and Prevention and the American
Heart Association. Circulation 107:499–511.

Ridker PM. 2001. High-sensitivity C-reactive protein: potential
adjunct for global risk assessment in the primary prevention
of cardiovascular disease. Circulation 103: 1813–1818.

Ridker PM, Glynn RJ, Hennekens CH. 1998. C-reactive
protein adds to the predictive value of total and HDL cho-
lesterol in determining risk of first myocardial infarction.
Circulation 97:2007–2011.

Ridker PM, Hennekens CH, Buring JE, Rifai N. 2000. C-re-
active protein and other markers of inflammation in the
prediction of cardiovascular disease in women. N Engl
J Med 342:836–843.

Ridker PM, Rifai N, Rose L, Buring JE, Cook NR. 2002.
Comparison of C-reactive protein and low-density lipo-
protein cholesterol levels in the prediction of first cardio-
vascular events. N Engl J Med 347:1557–1565.

Rifai N, Ridker PM. 2003. Population distributions of C-re-
active protein in apparently healthy men and women in
the United States: implication for clinical interpretation.
Clin Chem 49:666–669.

Rifai N, Tracy RP, Ridker PM. 1999. Clinical efficacy of an
automated high-sensitivity C-reactive protein assay. Clin
Chem 45:2136–2141.

Roberts WL, Sedrick R, Moulton L, Spencer A, Rifai N.
2000. Evaluation of four automated high-sensitivity C-re-
active protein methods: implications for clinical and epi-
demiological applications. Clin Chem 46:461–468.

Ross R. 1999. Atherosclerosis—an inflammatory disease.
N Engl J Med 340:115–126.

Sesso HD, Buring JE, Rifai N, Blake GJ, Gaziano JM,
Ridker PM. 2003. C-reactive protein and the risk of devel-
oping hypertension. JAMA 290:2945–2951.

Shephard RJ, Rode A. 1996. The health consequences of
modernization: evidence from circumpolar peoples. Cam-
bridge: Cambridge University Press.

Snodgrass JJ. 2004. Energetics, health, and economic mod-
ernization in the Yakut (Sakha) of Siberia: a biocultural
perspective on lifestyle change in a circumpolar popula-
tion. Evanston: Northwestern University.

Sorensen MV. 2003. Social and biological determinants of
cardiovascular risk among rural and urban Yakut: the
impact of socioeconomic upheaval. Ph.D. dissertation,
Northwestern University.

Sorensen MV, Snodgrass JJ, Leonard WR, Tarskaia LA,
Ivanov KI, Krivoshapkin VG, Spitsyn VA. 2005. Health
consequences of postsocialist transition: dietary and life-
style determinants of plasma lipids in Yakutia. Am J
Hum Biol 17:576–592.

Tokarev SA. 1940. Ocherki Istorii Iakutskogo Naroda.
Moskva: Gosudarstvennoye Sotsialno-Ekonomicheskoye
Izdatelstvo.

Tokarev SA, Gurvich IS. 1956. The Yakuts. In Levin MG,
Potapov LP, editors. Peoples of Siberia. Chicago: Univer-
sity of Chicago Press.

van Eijsden M, van der Wal MF, Hornstra G, Bonsel GJ.
2005. Can whole-blood samples be stored over 24 hours
without compromising stability of C-reactive protein, ret-
inol, ferritin, folic acid, and fatty acids in epidemiologic
research? Clin Chem 51:230–232.

Verma S, Li SH, Badiwala MV, Weisel RD, Fedak PW,
Li RK, Dhillon B, Mickle DA. 2002. Endothelin antago-
nism and interleukin-6 inhibition attenuate the pro-
atherogenic effects of C-reactive protein. Circulation
105:1890–1896.

Visser M, Bouter LM, McQuillan GM, Wener MH,
Harris TB. 1999. Elevated C-reactive protein levels
in overweight and obese adults. JAMA 282:2131–
2135.

Wilkins J, Gallimore JR, Moore EG, Pepys MB. 1998.
Rapid automated high sensitivity enzyme immunoassay
of C-reactive protein. Clin Chem 44:1358–1361.

Yamada S, Gotoh T, Nakashima Y, Kayaba K, Ishikawa S,
Nago N, Nakamura Y, Itoh Y, Kajii E. 2001. Distribution
of serum C-reactive protein and its association with ath-
erosclerotic risk factors in a Japanese population: Jichi
Medical School Cohort Study. Am J Epidemiol 153:1183–
1190.

You T, Berman DM, Ryan AS, Nicklas BJ. 2004. Effects of
hypocaloric diet and exercise training on inflammation
and adipocyte lipolysis in obese postmenopausal women.
J Clin Endocrinol Metab 89:1739–1746.

Yudkin JS, Stehouwer CD, Emeis JJ, Coppack SW. 1999.
C-reactive protein in healthy subjects: associations
with obesity, insulin resistance, and endothelial dys-
function: a potential role for cytokines originating from
adipose tissue? Arterioscler Thromb Vasc Biol 19:972–
978.

775CRP AND CARDIOVASCULAR RISK IN YAKUT

American Journal of Human Biology DOI 10.1002/ajhb


