
Common Variations in the Genes Coding for C-Reactive Protein
(CRP), Tumor Necrosis Factor Alpha (TNF-α), and Interleukin-6
(IL-6) and Risk of Clinical Diabetes in the Women’s Health
Initiative Observational Study (WHI-OS)

Kei-hang K. Chan1,2,†, Kathleen Brennan2,3,†, Nai-chieh Y. You1,2, Xuyang Lu1,4, Yiqing
Song5, Yi-Hsiang Hsu6,7, Gautum Chaudhuri2,3, Lauren Nathan2,3, Lesley Tinker8, and
Simin Liu1,2,9,10
1 Program on Genomics and Nutrition, Department of Epidemiology, UCLA, Los Angeles, CA
90095
2 Center for Metabolic Disease Prevention, UCLA
3 Department of Obstetrics and Gynecology, David Geffen School of Medicine, UCLA, Los
Angeles, CA 90095
4 Department of Biostatistics, UCLA, Los Angeles, CA 90095
5 Division of Preventive Medicine, Department of Medicine, Brigham and Women’s Hospital and
Harvard Medical School, Boston, MA 02215
6 Institute for Aging Research, HSL and Harvard Medical School, Boston, MA 02215
7 Molecular and Integrative Physiological Sciences Program, Harvard School of Public Health,
Boston, MA 02215
8 Fred Hutchinson Cancer Research Center, Seattle, WA 98109
9 Department of Medicine, David Geffen School of Medicine, UCLA, Los Angeles, CA 90095
10 Jonsson Comprehensive Cancer Center, David Geffen School of Medicine, UCLA, Los
Angeles, CA 90095

Abstract
Background—Circulating levels of high-sensitivity C-reactive protein (hsCRP), tumor necrosis
factor-alpha (TNF-α) and interleukin-6 (IL-6) have been associated with an increased risk of
diabetes.

Methods—To examine the roles of genetic variations in CRP, TNF-α, and IL-6 in the
development of diabetes, we conducted a prospective case-control study nested in the Women’s
Health Initiative Observational Study. 82,069 postmenopausal women aged 50–79 years with no
history of diabetes were followed for incident diabetes during a mean follow-up of 5.5 years.
1,584 cases were identified and matched with 2,198 controls based on age, ethnicity, clinical
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center, time of blood draw and length of follow-up. A total of 13 tagging single nucleotide
polymorphisms (tSNPs) across 2.3 kb of the CRP gene, 16 tSNPs across 2.8kb of the TNF-α gene,
and 14 tSNPs across 4.8kb of the IL-6 gene were genotyped. Plasma levels of TNF-α Receptor 2
(TNF-α-R2) and IL-6 were assayed.

Results—After adjusting for matching factors, confounding variables, and multiple comparisons,
eight genetic variants of the TNF-α gene were associated with plasma TNF-α-R2 concentrations in
whites (q-values<0.05). No association was found with any genetic variants of the IL-6 gene and
plasma IL-6 levels after adjusting for multiple comparisons (q-value>0.05). No significant
associations were found between any SNPs among the 3 genes (CRP, TNF-α, and IL-6) and
diabetes risk (q-values>0.05).

Conclusion—Our data indicate modest associations between TNF-α gene variants and
circulating levels of TNF-α-R2. Common variants of the genes coding for CRP, TNF-α and IL-6
were not significantly associated with risk of clinical diabetes in postmenopausal women.
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2 Diabetes; Women’s Health Initiative; WHI

Introduction
Inflammatory markers such as high-sensitivity C-reactive protein (hsCRP), tumor necrosis
factor-alpha (TNF-α), and Interleukin-6 (IL-6) have been implicated as possible etiologic
factors in the development of obesity, diabetes, and cardiovascular disease(1–10). We
previously reported that among postmenopausal women enrolled in the Women’s Health
Initiative Observational Study (WHI-OS), elevated circulating levels of hsCRP, TNF-α, and
IL-6 were significantly associated with an increased diabetes risk(12). Recently, common
genetic variants in the CRP gene were found to be associated with their corresponding
plasma marker concentrations in Europeans(13), European Americans(11,14), African
Americans(7,11), and Pima Indians(15). To date, relatively few studies have investigated the
associations of common variants in the genes coding for TNF-α and IL-6 with their plasma
concentrations or the direct associations of the genetic variants of CRP, TNF-α, and IL-6
with diabetes risk, especially in a multiethnic-population.

We conducted a comprehensive assessment of the association of genetic variants of TNF-α
and IL-6 with plasma concentrations of these two markers of inflammation in a large case-
control study nested in the WHI-OS. We also investigated the association of genetic
variations in the CRP, TNF-α, and IL-6 genes with diabetes risk in this same group of
women.

Materials and Methods
Participants

Details regarding the case-control study design have been described elsewhere(16,17). The
WHI-OS is a longitudinal study designed to examine the association between clinical,
socioeconomic, behavioral, and dietary risk factors with subsequent incidence of health
outcomes, including diabetes and cardiovascular disease. In brief, 82,069 of the 93,676
postmenopausal women were enrolled in the WHI-OS had no history of diabetes at baseline.
We therefore assumed that baseline plasma marker levels and baseline gene expression were
not influenced by the presence of diabetes. Diabetes was self-reported by treatments with
diet, oral hypoglycemic agents, or insulin. Incident diabetes cases were identified based on
post-baseline self-report of first-time use of oral hypoglycemic agents or insulin, or
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hospitalization for previously unreported diabetes. Following the principle of risk-set
sampling(12), for each new case, controls were selected randomly from women who
remained free of diabetes at the time the case was identified during follow-up. 1,584 cases
were individually matched with 2,198 controls based on age (±2.5 years), racial/ethnic
group, clinical center (geographic location), time of blood draw (±0.10 hours), and length of
follow-up. The ethnic groups represented in this study include American whites (n=1,936),
African Americans (n=1,098), Hispanic/Latino Americans (n=455), and Asian/Pacific
Islanders (n=293). A 1:2 matching ratio was used for minorities to strengthen the power in
these smaller case sample sizes(17). Each control was identified and matched with a case
only once in the analysis. The study was approved by the Institutional Review Board (IRB)
at University of California Los Angeles.

Plasma Marker Measurements
Plasma levels of hsCRP, TNF-α receptor 2 (TNF-α-R2) and IL-6 were measured for each
participant. TNF-α-R2 has been shown to be more reliably measured from frozen samples
than TNF-α itself and its levels have been shown to correlate well with TNF-α
concentrations(18,19). The details of plasma marker measurements are described
elsewhere(12). In brief, the coefficients of variations (CVs) were 1.61% for hsCRP, 3.5%
for TNF-α-R2 and 7.6% for IL-6, and the units of measurement were mg/L for hsCRP, pg/
mL for TNF-α-R2, and pg/mL for IL-6.

Tagging SNP Selection and genotyping methods
As described previously(20,21), we implemented a two-stage approach to choose tagging
Single Nucleotide Polymorphisms (tSNPs) for genotyping. In the first stage, we
comprehensively surveyed common genetic variation using the National Center for
Biotechnology Information database SNP (NCBI dbSNP) and HapMap database. In the
second stage, we identified tSNPs on the basis of linkage disequilibrium (LD) patterns
among 61 individuals from each ethnic population. The rationale and method have been
previously reported in detail(21,22).

For selected SNPs, genotyping was performed using the TaqMan allelic discrimination
method. Following polymerase chain reaction amplification, end-point fluorescence was
read using the ABI Primer 7900 HT instrument and genotypes were scored using SDS2.2.2
Allelic Differentiation Software (Applied Biosystems, Foster City, CA). We genotyped 5%
blind duplicated samples randomly selected to evaluate reproducibility. SNPs with a higher
genotyping discordant rate, a higher missing genotype, or with deviations from Hardy-
Weinberg equilibrium (HWE) at p<0.001 level were excluded.

Statistical Analysis
We first assessed the allele frequency and HWE for each SNP among controls in each ethnic
group. Next, we tested for heterogeneity in genotype distributions across ethnic groups with
a χ2 test (SAS v9.2, SAS Institute, Cary, NC). In multivariable regression models, we
adjusted for matching factors (age, clinical center, time of blood draw, and ethnicity) and
other potential confounders (body mass index (BMI), cigarette smoking (never, past and
current), alcohol intake (never, past and current), family history of diabetes, hormone
replacement therapy (HRT) usage (never, past and current), and total metabolic equivalent
value (MET, the energy expended by a person at rest; 1 MET=1 kcal·kg−1 body weight·h−1)
from recreational physical activity per week at baseline). To investigate the relationship
between SNPs and plasma markers, we log-transformed the specific plasma markers with
skewed distributions to improve compliance to the normality assumption. We calculated the
differences in the mean logarithms of plasma marker concentrations according to each
genotyped tSNP by fitting general linear models that treated plasma marker concentrations
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as dependent variables and tSNPs as independent variables. An additive model was used; the
results of this analysis were expressed as an increase or decrease in the difference in mean
logarithms of the plasma marker per each additional copy of the reference allele. Likelihood
ratio tests were used to test for effects of genotype-ethnicity interaction on inflammatory
marker concentrations.

In assessing the relationship between each single SNP and diabetes risk, we employed
multivariable logistic regression, conditional on matching, to calculate Odds Ratios (ORs)
and 95% Confidence Intervals (CIs). Each SNP was coded as an additive genetic model in
the estimation of allelic association with diabetes risk; the likelihood ratio test was used to
test the interaction effect between the genotypes and ethnicity on diabetes risk.

To account for potential false positives due to multiple comparisons in this study, we
calculated the false discovery rate (FDR) by incorporating all p-values from multiple tests
performed for the association of SNPs and plasma markers. The FDR statistics were
obtained for each p-value, and the FDR statistics with q < 0.05 were considered
significant(23). Proc Mult test procedure in SAS 9.2 was used to obtain the q-values.

Results
Estimation of Allele Frequencies

The allele frequencies of 9 SNPs in the TNF-α gene and 13 SNPs in the IL-6 gene differed
significantly by ethnicity (Table 1). The 13 SNPs in the CRP gene have been previously
published elsewhere(11). Figures 1 and 2 present the locations of the SNPs along the TNF-α
and IL-6 genes schematically on the basis of the gene structure in NCBI Entrez Gene. In the
TNF-α gene, rs2239704, rs1041981 and rs3093661 in whites were statistically significantly
deviated from HWE among the controls. None of the 14 SNPs among the IL-6 gene showed
any statistically significant deviation from HWE among the controls in each ethnic group.

Associations of genetic variants with plasma biomarkers and diabetes risk
Half of the 16 SNPs in TNF-α gene were associated with plasma TNF-α-R2 concentrations
in whites (Table 2). For four SNPs, carriers of each additional copy of the reference allele
had lower TNF-α-R2 concentrations (decrease in mean logarithm per allele [standard error],
range: −0.03 [0.01] to −0.04 [0.02]; all adjusted q-values<0.05 after FDR). In contrast,
carriers of the reference alleles of the four other SNPs (rs909253, rs1041981, rs1800629,
and rs2256974) had higher TNF-α-R2 concentrations (increase in mean logarithm per allele
[standard error], range: 0.04 [0.01] to 0.05 [0.01]; all adjusted q-values<0.05 after FDR). We
found no significant association between any of the IL-6 genetic variants and IL-6
concentrations after adjusting for multiple testing.

After adjusting for matching factors, other potential confounders, and multiple comparisons,
we found no evidence of any significant associations between any of the SNPs among the
three genes (CRP, TNF-α, and IL-6) and diabetes risk (all q-values >0.05) (Table 3). Our
findings were confirmed when we analyzed four additional models using various covariates,
in particular looking at the effect of controlling for family history of diabetes and BMI, to
investigate the potential independent associations of the inflammatory variants of interest
with diabetes risk (data not shown).

Discussion
In this large multiethnic cohort of postmenopausal women, eight common genetic variants
of the gene coding for TNF-α were associated with plasma concentrations of TNF-α-R2 in
whites, whereas there was no association between common genetic variants of the IL-6 gene
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and its plasma concentration. No genetic variants of CRP, TNF-α, or IL-6 were statistically
associated with elevated diabetes risk after correcting for multiple comparison.

One of the 8 SNPs (rs1800629) in the TNF-α gene that we found to be associated with
plasma TNF-α concentrations in whites has been associated with TNF-α concentrations in
the same ethnic group in a prior study(24). The null findings between the common variants
of the same gene with diabetes risk were consistent with previous studies in European and
Chinese populations(25–28). The presence of the A allele of SNP rs1800629 in the TNF-α
gene among Brazilian individuals over the age of 48 years was associated with elevated
levels of hsCRP levels(29). Although our results were not statistically significant, the
direction of this association between this genetic variant of TNF-α and hsCRP concentration
was the same in our samples. Furthermore, as shown in our prior study, elevated levels of
hsCRP were associated with an increased diabetes risk(12). Therefore, if this genetic variant
of TNF-α is in fact associated with elevated hsCRP levels, then it may play an indirect role
in the pathogenesis of type 2 diabetes. A meta-analysis indicated that individuals who
carried this same TNF-α variant are at higher risk of developing obesity compared with
controls, suggesting the TNF-α gene is involved in the pathogenesis of the metabolic
syndrome(30). Obesity is a well-known risk factor for the development of type 2 diabetes.
On the other hand, another study indicated that the same TNF-α variant was not associated
with insulin resistance in young Asian Indians(31). Taken together, the TNF-α gene may not
directly lead to the development of diabetes, but may play an interactive role with other
factors, such as CRP, in the pathogenesis of diabetes.

We did not observe any significant associations between genetic variants of IL-6 gene with
plasma concentrations of IL-6 in our samples. One study showed the genetic variant
rs10499563 was significantly associated with increased IL-6 concentrations in an acute
inflammatory state30. The presence of acute inflammation may affect the association
between this genetic variant with plasma IL-6 levels. In general, we would presume the
women in our study would not have acute inflammation at the time of their blood draw
which may account for this discrepancy. A study of 1953 Korean men and women reported
that the rs1800796 G/G genotype was associated with increased serum concentrations of
IL-6(32). This is consistent with our analysis which showed that carriers of each additional
copy of the G allele in this SNP were associated with increased IL-6 concentrations in the
Asian population, although our result was not statistically significant. Inconsistent findings
regarding the association between this gene and diabetes risk have been reported previously
in several case-control, prospective population-based studies and meta-analyses(33–37). A
joint analysis of individual participants’ data from 21 studies observed that the C allele of
the rs1800795 SNP in the IL-6 gene was associated with reduced risk of diabetes(34), while
a meta-analysis indicated a null association between the same SNP in the IL-6 gene with
diabetes risk(36). In general, the literature lacks studies that examine the associations of
common variants in the TNF-α and IL-6 genomic regions with their plasma marker
concentrations and diabetes risk, particularly in a multiethnic cohort.

Assuming an additive model, we did not observe any significant associations between the
genetic variants in the CRP gene with risk of clinical diabetes, which is consistent with prior
findings(38). Although these genetic variants were found to have substantial and
independent associations with plasma hsCRP concentrations(11), our prospective data do
not support a direct heritable role of CRP in the development of diabetes.

The lack of significant genetic associations in the current study may be due to insufficient
statistical power, especially among Hispanic and Asian women. Nevertheless, our study was
well-powered to detect effects for alleles that were shared across all ethnic groups. In fact,
we had >80% power to detect a relative risk of ≥1.25 for a risk alleles with frequencies
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ranging from 10% to 70%. Additionally, our study only included postmenopausal women
and therefore our results may not be generalized to men or younger women.

In conclusion, eight common genetic variants of the TNF-α gene were associated with
plasma TNF-α-R2 concentration among whites in this large multiethnic case-control study
of postmenopausal women, although these common genetic variants of TNF-α were not
associated with risk of clinical diabetes. Common genetic variants of IL-6 were not
associated with IL-6 concentrations nor diabetes risk. Neither were common genetic variants
of CRP associated with risk of clinical diabetes. Our data indicate modest associations
between TNF-α gene variants and circulating levels of TNF-α-R2. Common variants of the
genes coding for CRP, TNF-α and IL-6 were not significantly associated with risk of clinical
diabetes in postmenopausal women.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Human TNF-α gene (Chromosome 6p21.3) and SNP locations
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Figure 2.
Human IL-6 gene (Chromosome 7p21) and SNP locations
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