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Abstract
Background—Several studies have investigated associations between the -174G>C
polymorphism (rs1800795) of the IL6-gene, but presented inconsistent results.

Aims—This joint analysis aimed to clarify whether IL6 -174G>C was associated with type 2
diabetes mellitus (T2DM) related quantitative phenotypes.

Methods—Individual-level data from all studies of the IL6-T2DM consortium on Caucasian
subjects with available BMI were collected. As study-specific estimates did not show
heterogeneity (P>0.1), they were combined by using the inverse-variance fixed-effect model.
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Results—The main analysis included 9440, 7398, 24,117, or 5659 nondiabetic and manifest
T2DM subjects for fasting glucose, 2-hour glucose, BMI or circulating interleukin-6 levels,
respectively. IL6 -174 C-allele carriers had significantly lower fasting glucose (−0.091mmol/L,
P=0.014). There was no evidence for association between IL6 -174G>C and BMI or interleukin-6.
In an additional analysis of 641 subjects known to develop T2DM later on, the IL6 -174 CC-
genotype was associated with higher baseline interleukin-6 (+0.75pg/mL, P=0.004), which was
consistent with higher interleukin-6 in the 966 manifest T2DM subjects (+0.50pg/mL, P=0.044).

Conclusions—Our data suggest association between IL6 -174G>C and quantitative glucose,
and exploratory analysis indicated modulated interleukin-6 levels in pre-diabetic subjects, being
in-line with this SNP’s previously reported T2DM association and a role of circulating
interleukin-6 as intermediate phenotype.
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Introduction
Type 2 diabetes mellitus (T2DM) is a public health problem of pandemic proportions.
Conservative estimates indicate that there are 171 million people in the world with
symptomatic or asymptomatic diabetes mellitus and that this global prevalence will double
by 2030 to 366 million people (1). The spread of the disease is also alarming in Europe,
even though Caucasians have a low to moderate prevalence of T2DM compared with most
other ethnic groups worldwide.

Type 2 diabetes mellitus is a multifactorial disease. While a lot is known about
environmental risk factors for T2DM, identification of the genetic etiology of T2DM has
proved to be challenging (2). An interesting candidate variant for T2DM is the -174G>C
polymorphism (rs1800795) of the IL6 gene that codes for the cytokine interleukin-6 (IL-6).
Interleukin-6 exerts pleiotropic biological functions in the regulation of the acute-phase
reaction and immune responses and is associated with T2DM and related diseases (3–6).
The functionally relevant (7;8) promoter polymorphism IL6 -174G>C was reported to be
associated with circulating IL-6 levels (7;9–13), T2DM (14), insulin resistance (15), obesity
(16–18), coronary heart disease (CHD) (19), cholesterol levels (5), and metabolic syndrome
(20). However, association estimates pointed into inconclusive directions, while other
studies of these traits did not find any association.

Two meta-analyses on association between IL6 -174G>C and two different outcomes have
been reported to date: 1) Sie et al. did not find statistically significant evidence for an
association with CHD in 19,798 individuals (21). 2) Recently, we established an
international IL6-T2DM consortium showing an almost 9% reduced T2DM risk for C-allele
carriers in 20,976 individuals (22). However, it was not clear yet whether the IL6 -174G>C
polymorphism impacts IL-6 levels which together with the T2DM association would support
a causal role of IL-6 levels in T2DM. Moreover, studies on genetic association with obesity
pointed into a direction that was opposite to the T2DM association (16;17). Finally,
analyzing the dichotomous trait T2DM is a substantial restriction of information, which can
be overcome by analyzing the quantitative trait circulating plasma or serum glucose in the
fasting state or after an oral glucose load. This is of special importance because the T2DM
finding was borderline statistically significant (P=0.037) (22) and a consistent glucose
association would greatly underscore this finding.
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The objective of the present study was to clarify the epidemiological evidence for the
association of IL6 -174G>C polymorphism with circulating glucose levels, body-mass index
(BMI), and IL-6 levels as intermediate phenotypes on the way to T2DM. We used by far the
largest dataset on this polymorphism in relation to quantitative phenotypes to date. It is
important to note that earlier studies detected associations between -174G>C and IL-6 levels
or obesity only in the presence of an inflammatory stimulus (9;10) or in subjects having a
chronic subclinical (18), or an acute (11;13) inflammatory state. The inclusion of T2DM
studies in our joint analysis was essential to investigate whether the impact of IL6 -174G>C
indeed differed by the subclinical inflammatory state observed in type 2 diabetic individuals,
as opposed to healthy subjects.

Subjects and Methods
All studies of the IL6-T2DM consortium on Caucasian subjects with available BMI were
included in this joint analysis of quantitative traits. Information on the inclusion criteria, the
search strategy and recruitment of the studies, data cleaning, and genotyping methods is
provided in the online appendix.

Definition of Analyzed Samples and Data Collection
Because the majority of included studies were cross-sectional population-based or case-
control studies, our main analysis focused on a combined sample of nondiabetic and
prevalent T2DM subjects. We included the baseline examination of the two longitudinal
cohort studies excluding subjects that developed T2DM during follow-up for this main
analysis. All analyses were confined to Caucasian adults that were at least 18 years old with
data on the genotype of the IL6 -174G>C polymorphism, age, sex, BMI and T2DM status.
When known, type 1 diabetic individuals were excluded. In family studies, only the sibling
generation was used. Data on circulating fasting and 2-hour plasma or serum glucose
(measured two hours after consumption of 75 g glucose) and plasma or serum IL-6 levels
were collected where available.

All participating studies have been conducted according to the principles expressed in the
Declaration of Helsinki. Individual studies had either written informed consent for all
subjects for genetic analyses or approval from their institutional review committee for
genetic analyses. Further details on design of individual studies and use in this joint analysis
are presented in the online appendix Table A2.

Statistical Analyses
Study-specific β-coefficients for the association between IL6 -174G>C and the quantitative
traits were estimated by linear regression, using SAS PROC GLM for studies with unrelated
individuals and SAS PROC MIXED for family studies. All analyses were adjusted for age
and sex. Primary analyses were performed including all subjects (full data analyses)
additionally adjusting for T2DM status when analyzing BMI or IL-6 levels. Secondary
analyses were conducted separately for the nondiabetic and the prevalent T2DM subjects
(T2DM status-specific analyses), additionally adjusting for BMI when analyzing fasting, 2-
hour glucose or IL-6 levels. Studies with fasting glucose only on either T2DM cases or
controls (EDSC, EPIC-POTSDAM_nCC-T2DM and MONICA-S3) were excluded from the
full data glucose analysis to assure a full range of glucose levels.

IL6 -174G>C genotypes were analyzed model-free, comparing CC- or GC-genotype with
the wild-type GG, and additionally by applying a dominant genetic model for the C-allele,
which was the model reported previously for the T2DM association (22). Heterogeneity
between study-specific β-coefficients was tested by the χ2-based Q-statistic and its impact
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was quantified by I2 (23). As the heterogeneity between study-specific β-coefficients was
nonsignificant in all analyses (P>0.10), the β-coefficients were combined using the inverse-
variance fixed-effect model (24). As recommended, summary association estimates of all
studies with the genotype frequencies of nondiabetic subjects being in Hardy-Weinberg
equilibrium (HWE) were reported as main results (25).

A conservative Bonferroni-corrected significance level of 0.017 (=0.05/3) was applied to
account for the testing of the three phenotypes (glucose, BMI, and IL-6) in the primary (full
data) analyses. Note that the phenotypes fasting and 2-hour postprandial glucose levels were
highly correlated and thus not counted as two independent phenotypes here. In the
secondary analyses, the significance level was further corrected for the two investigated
subgroups yielding a significance level of 0.008 (0.05/6). More detailed information on
statistical procedures is given in the online appendix.

Analysis in incident T2DM patients
In an additional exploratory analysis, we combined the linear regression estimates of
baseline data from the incident T2DM cases of the two cohort studies to obtain estimates of
the IL6 -174G>C association with BMI and IL-6 levels (glucose not available) among future
T2DM subjects before they became cases (“pre-diabetic subjects”).

Results
Study Recruitment

Seventeen studies with 25,635 participants met the study and subject inclusion criteria and
were included in the joint analyses (see Table 1 for an overview). Online appendix Table A3
shows for which outcome the respective study qualified for analysis; online appendix Table
A4 presents the number of participants per study included in the analyses of the respective
quantitative trait. All 17 studies with 25,635 subjects were analyzed for the outcome BMI.
Association analyses with BMI as main outcome had been unpublished in 12 studies at the
time of study recruitment (called “unpublished for BMI” in the following). Eight studies
with 10,725 participants were analyzed for fasting glucose, seven of them unpublished for
this trait; seven studies with 8399 participants were analyzed for 2-hour glucose (all
unpublished). For the outcome circulating IL-6 levels, data from seven studies with 5659
participants were analyzed, six of them unpublished for IL-6 levels.

Study-Specific Statistics
Detailed characteristics of included studies and participants are summarized in online
appendix Table A5. All studies had been conducted in European populations. Genotype
frequencies of nondiabetic subjects were in HWE for all studies, except for the BOTNIA
and the TGN study, which were thus excluded from the main analyses. This left 9440, 7398,
24,117, or 5659 subjects for the analysis of fasting glucose, 2-hour glucose, BMI or
circulating IL-6 (see online appendix Table A4). The IL6 -174 C-allele frequency of
nondiabetic subjects with genotype frequencies in HWE ranged from 41.1% [95%CI=38.3,
43.8] in the KORA-MIFAM study to 55.0% [95%CI=51.4, 58.6] in the FUSION 1 study.

IL6 -174G>C and Circulating Glucose
The outcome fasting glucose was investigated as full data main analysis for the seven
studies where the genotype frequencies of nondiabetic subjects were in HWE, including
9,440 subjects. Figure 1 shows the study-specific and the summary β-coefficients, using a
dominant model for the C-allele. Most studies exhibited a reduction of fasting glucose
levels, though not significant in each study separately. The summary estimate provided a
statistically significant decrease of −0.091mmol/L (95%CI=[−0.163, −0.018], P=0.014),
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corresponding to about 1.5% decrease, for subjects with GC- or CC-genotypes compared to
GG. T2DM status-specific analyses showed a more pronounced reduction of −0.317mmol/L
(95%CI=[−0.584, −0.049], P=0.020) among T2DM subjects.

Table 2 provides model-free summary estimates, indicating that the dominant genetic model
was consistent with the data.

The full data main analysis of 2-hour glucose included six studies with 7398 subjects. There
was no statistically significant association, but the β-coefficients pointed into the same
direction as for fasting glucose (C-allele dominant model for full data analysis: β=
−0.075mmol/L, 95%CI=[−0.201, 0.051], P=0.243, Table 2).

IL6 -174G>C and Body-Mass Index
The full data main analysis of the outcome BMI included 15 studies with 24,117 subjects.
Figure 2 shows the study-specific and the summary β-coefficients applying the dominant
model for the C-allele. There was no statistically significant evidence for an association
between IL6 -174G>C and BMI in the full data (β=0.088, 95%CI=[−0.023, 0.200], P=0.120)
or the T2DM status-specific analyses (P>0.10, Table 2).

IL6 -174G>C and Circulating Interleukin-6 Levels
There was no evidence in the full data joint analysis including 5659 subjects of seven studies
for an association between IL6 -174G>C and circulating IL-6 levels (Table 2 and Figure 3).
Likewise, there was no statistically significant IL-6 level association among the 4621
nondiabetic subjects of six studies or among the 966 T2DM subjects of four studies.
Interestingly, the analysis among T2DM subjects pointed towards higher IL-6 levels in
subjects with the IL6 -174 CC-genotype (βCCvsGG=0.159 [95%CI=0.004, 0.314], P=0.044)
compared to subjects with the GG-genotype. The size of the β-estimate on the log-scale
corresponded to a difference of 0.50pg/mL on the original scale (+17%).

Analysis of BMI and IL-6 levels in incident T2DM cases before they became cases
The results from the additional analysis of the baseline data from the 641 incident T2DM
subjects before they became type 2 diabetic are summarized in Table 3. There was no
association with BMI (P>0.10).

Regarding circulating IL-6, the IL6 -174G>C showed higher (but not statistically
significantly higher) levels in the C-allele dominant model (β=0.116, 95%CI=[−0.016,
0.248], P=0.08) and a strong association of the homozygous CC-genotype with higher IL-6
levels (βCCvsGG=0.266, 95%CI=[0.085, 0.448], P=0.004) compared to the GG-genotype,
which was consistent with and even more pronounced than the association in the prevalent
T2DM cases (see above). The size of the β-estimate on the log-scale corresponded to a
difference of 0.75pg/mL on the original scale (+30%).

Sensitivity Analyses
Regarding fasting glucose, 2-hour glucose or IL-6 levels, there was no evidence for
publication bias: the Egger’s regression test was nonsignificant (P>0.10) and excluding
published studies would not change the main findings (online appendix Table A6).
Regarding BMI, there was some evidence for publication bias. In the five published studies
with 10,704 subjects, the IL6 -174 C-allele was statistically significantly associated with
higher BMI (β=0.190, 95%CI=[0.023, 0.358]). In contrast, there was no association in the
ten unpublished studies with 13,413 subjects (β=0.007, 95%CI=[−0.142, 0.157]). Moreover,
the funnel plot (online appendix Figure A1) and the Egger’s regression test (P=0.06) showed
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some evidence for publication bias of the summary BMI estimate when including all 15
studies, but none when restricting to the ten unpublished studies (P=0.27).

Including studies with genotype HWE violation (online appendix Table A7) or omitting
adjustment for BMI or T2DM status (data not shown) would not change our main findings.
Furthermore, there were no large differences between association estimates of men and
women in sex-stratified analyses (data not shown).

Discussion
Major findings

In this joint analysis of individual-level data from 9440 study participants, C-allele carriers
of the IL6 -174G>C polymorphism had lower fasting glucose levels (−0.091mmol/L,
P=0.014) independently of BMI. No association was found with BMI in 24,117 subjects or
with IL-6 levels in 5659 subjects. Exploratory analysis of baseline IL-6 levels in 641 future
T2DM subjects elucidated that pre-diabetic subjects with the IL6 -174 CC-genotype had
significantly higher circulating IL-6 levels (+0.75pg/mL, P=0.004), which was consistent
with higher IL-6 levels in the 966 manifest T2DM subjects (+0.50pg/mL, P=0.044).

IL6 -174G>C and Circulating Glucose
The present analysis results of the IL6 -174G>C with fasting glucose was in-line with our
previous joint analysis on T2DM, which had shown that individuals carrying the IL6 -174
C-allele had a 9% lower odds for T2DM compared to individuals with the GG-genotype
(P=0.037) (22). We also confirmed the dominant genetic model. Our previous T2DM
analysis had included a larger number of subjects; but when restricting to the seven studies
with fasting glucose data, a T2DM summary odds ratio of 0.89 [95%CI=0.78, 1.02] with a
nonsignificant P value of 0.09 would have been yielded, which impressively demonstrates
the gain from additional information by using glucose as a quantitative variable.

The association with 2-hour postprandial glucose levels pointed into the same direction as
the fasting glucose estimates but was statistically not significant, which might be due to the
fewer subjects available for this phenotype.

IL6 -174G>C and Body-Mass Index
Several lines of evidence suggest that the cytokine IL-6 plays a role in the regulation of
body composition, probably by acting in a catabolic manner (26–28). To date, association
between IL6 -174G>C and obesity has been investigated by several comparably small
studies with inconsistent results (16;17;19;29). In our quantitative analysis of nearly 25,000
subjects there was some evidence for publication bias and no statistically significant
evidence for an association between IL6 -174G>C and BMI when including published and
unpublished studies. Our power to detect a BMI difference of 0.2kg/m2 or 0.3kg/m2 between
IL6 -174 C-allele carriers and non-carriers was more than 80% or nearly 100%, respectively,
given the type 1 error probability of 0.050/3=0.017, a GG-genotype frequency of 31.2% and
a BMI standard deviation of 4.2kg/m2.

IL6 -174G>C and Circulating Interleukin-6 Levels
There was no evidence for association between IL6 -174G>C and circulating IL-6 levels
including nondiabetic and manifest T2DM subjects, which was consistent with the five
largest hitherto published studies on healthy or population-based subjects with 641 to 1526
Caucasian subjects each (21;30–33).
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Our exploratory analysis of baseline IL-6 levels of the 641 subjects, who became T2DM
cases during the follow-up of two cohort studies, indicated a significant increase of IL-6
levels for subjects with the CC-genotypes compared to the GG. This is intriguing as these
IL-6 levels of the subjects known to develop T2DM later on were not yet influenced by
treatment or metabolic effects from manifest T2DM, which could have attenuated the
genetic association in the prevalent cases. The 966 prevalent T2DM subjects had shown
similar, but less pronounced, IL-6 level estimates. Based on these data, we derive the
hypothesis that the IL6 -174G>C modulates IL-6 levels in pre-diabetic subjects, which needs
to be proven in other samples. For the apparent dominant effect (CC or GC versus GG
subjects) for glucose levels and the rather recessive effect (CC versus GC or GG subjects) of
the IL-6 levels, we frankly lack an explanation other than the ever threatening assembly of
small effects, measurement uncertainty in the variables, lack of power despite the large
sample size here or latent effect modifiers.

There is previous functional evidence being in-line with the fact that the effect of the
promoter polymorphism -174G>C on IL-6 concentrations differed between nondiabetic and
T2DM subjects thus depending on a subject’s metabolic state: type 2 diabetic patients and
subjects prone to become type 2 diabetic are characterized by a subclinical inflammatory
state, and inflammatory stimuli were reported to influence the association of IL6 -174G>C
with circulating IL-6 levels in vivo (9;10;12). This would also be supported by in vitro and
ex vivo studies demonstrating that IL-6 expression was cell-type specific (8) and depended
on the presence (11) and type of stimulation (34).

Circulating IL-6 Levels – The Intermediate Phenotype for the Association Between IL6
-174G>C and Type 2 Diabetes Mellitus?

We were able to analyze large-scale datasets on both the association of the IL6 -174G>C
polymorphism with circulating glucose (and risk of T2DM) as well as with the most obvious
intermediate phenotype, the gene product IL-6. Thus, we attempted to contribute to the
understanding of the widely discussed link between circulating IL-6 levels and T2DM (35)
by concomitantly considering our analyses results of both phenotypes (36).

Our data suggest that the IL6 -174 CC-genotype is associated with reduced risk of T2DM
and increased circulating IL-6 levels in subjects with a pre- or manifest type 2 diabetic state,
but the polymorphism explains only a small fraction of the IL-6 variance. Together with the
assumption that IL-6 is the mediating factor between the IL6-polymorphism and T2DM, it
could be speculated that the IL6 -174 CC-genotype modulates the cytokine IL-6 towards
higher levels and consequently reduces the risk of T2DM. Several lines of functional
evidence support a positive impact of elevated cytokine IL-6 levels on β-cell function or
peripheral glucose disposal and thus on T2DM (4;26;28;37–40) The seemingly contradicting
association of increased circulating IL-6 levels with higher risk of T2DM observed in most
case-control and prospective cohort studies (6) might be caused by feed-back mechanisms
such as increased IL-6 production and release from insulin-sensitive tissue (41), larger IL-6
producing adipose tissue characteristic of pre- and manifest T2DM subjects (3), an IL-6
resistant state of these subjects, or counter regulation of low-grade inflammation induced by
proinflammatory mediators (35).

Strengths and Limitations of this Joint Analysis
The large number of subjects analyzed in our investigation was a definite strength. For all
analyzed phenotypes, our study represents the largest study conducted to date to address the
role of IL6 -174G>C. Thus, we were able to reveal small associations, which nevertheless
are of importance due to the high prevalence of the genetic variant in the general population
(41–55%) and their potential to help understand the pathogenesis of this severe disease. Our
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non-finding of an association with BMI in this highly powered study may also be of great
importance to solve to some extent the puzzle from contrary reports.

Furthermore, it was a distinctive strength of our joint analysis that it was based on individual
participants’ data allowing for standardized data cleaning and analysis, to which the low
heterogeneity among study-specific estimates may be attributed.

Finally, our analysis included many unpublished studies, which guards against the greatest
threats of meta-analyses, the publication or selective reporting bias. Stratifying for published
or unpublished studies depicted a potential of some bias for the published association studies
of IL6 -174G>C and BMI.

It may be considered a limitation that all T2DM status-specific analyses exhibited truncated
glucose distributions, which consequently also affected the correlated BMI and IL-6 level
distributions. In addition, no data were available on antidiabetic medication for T2DM
subjects for the glucose analyses or on physical activity before blood extraction for the
circulating IL-6 level analyses. This might have decreased the precision of the estimates but
is unlikely to have caused false positive findings.

Conclusion
This joint analysis on 25,000 subjects represents by far the largest study to date on the
association of the IL6 promoter polymorphism -174G>C with quantitative phenotypes
relevant for T2DM. Our data suggest an association of the widely debated IL6 -174G>C
polymorphism with quantitative glucose. Additional exploratory analysis on baseline IL-6
levels of future T2DM patients gave rise to hypothesize on an association of the -174G>C
polymorphism with circulating IL-6 levels apparent only in pre-diabetic subjects, that may
ultimately decrease the risk of T2DM. In general, we demonstrated that a consortium-based
approach is well-suited to investigate genetic variants with small effects.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Acknowledgments
Funding:

British Heart Foundation; Diabetes UK; European Foundation for the Study of Diabetes; German Diabetes Center;
German Federal Ministry of Education, Science, Research and Technology / National Genome Research Network;
German Federal Ministry of Health and Social Security; German Research Foundation; Helmholtz Zentrum
München; Ministry of Science and Research of the State North Rhine-Westphalia; Munich Center of Health
Sciences; National Institutes of Health.

We gratefully acknowledge the participation in the original studies of all individuals used in this joint analysis.

Abbreviations

BMI body-mass index

CHD coronary heart disease

HWE Hardy-Weinberg equilibrium

IL-6 interleukin-6

IL6 interleukin-6 gene
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Key Messages

1. Several studies have investigated associations between the -174G>C
polymorphism (rs1800795) of the IL6-gene, but presented inconsistent results.
For all analyzed phenotypes, our joint analysis on individual-level data
represents the largest study conducted to date to address the role of IL6
-174G>C.

2. We were able to reveal lower fasting glucose levels in carriers of the IL6 -174
C-allele. There was no evidence for association between IL6 -174G>C and BMI
or circulating interleukin-6 levels in nondiabetic subjects.

3. Exploratory analysis gave rise to hypothesize on an association between the IL6
-174 CC-genotype and higher circulating IL-6 levels of subjects known to
develop T2DM later on.
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Figure 1.
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Figure 2.
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Figure 3.
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Table 1

Characteristics of Included Studies

Study* Full study name Country† n T2DM / nondiabetic
subjects‡

BOTNIA Botnia Study SF 731/557

CAPPP Captopril Prevention Project S 42/424

DANISH Danish Study DK 1212/4399

EDSC Ealing Diabetes Study of Coagulation UK 299/0

EPIC- POTSDAM European Prospective Investigation into Cancer and Nutrition Potsdam
(EPIC-Potsdam)

D 0/348

FUSION 1 The Finland-United States Investigation of NIDDM Genetics, 1st

sampling wave
SF 508/367

FUSION 2 The Finland-United States Investigation of NIDDM Genetics, 2nd

sampling wave
SF 437/201

GIRONA Girona Genetics of Diabetes Study E 42/123

KORA- MIFAM KORA MI Family Study D 95/881

KORA-S4 KORA Survey S4 D 225/1190

KORA- T2DMFAM KORA T2DM Family Study D 776/513

MONICA/ KORA-BASE MONICA/KORA Case Cohort Study S123(MONICA/KORA-S123) D 101/1744

MONICA-S3 MONICA/KORA Survey S3 D 151/3551

NPHS II Second Northwick Park Heart Study UK 0/2652

RMIFAM Regensburg Ml Family Study D 662/2614

TGN Tarraco Study E 166/64

UDACS University College Diabetes and Cardiovascular Study UK 560/0

MI = Myocardial Infarction

*
Abbreviated study name used in the present publication

†
Country of recruitment: D = Germany, DK = Denmark, E = Spain, SF = Finland, S = Sweden, UK = United Kingdom

‡
Number of type 2 diabetic / nondiabetic subjects included in analyses of the outcome BMI
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