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Abstract 1 

 2 

BACKGROUND:  Interleukin-6 (IL-6) plays a central role in inflammation, insulin 3 

resistance, and atherogenesis.  We investigated the associations of plasma IL-6 and its 4 

genetic variants with hypertension in both cross-sectional and prospective study designs. 5 

METHODS:  Plasma IL-6 was measured in 648 normotensive and 294 hypertensive 6 

subjects from the Hong Kong Cardiovascular Risk Factor Prevalence Study (CRISPS)-2 7 

in 2000-2004 and three tagging SNPs in the IL-6 gene were genotyped.  Among 8 

subjects normotensive in CRISPS-2 (baseline), 515 subjects were followed up in 9 

CRISPS-3 in 2005-2008 and 100 of them had developed hypertension.   10 

RESULTS:  At baseline, plasma IL-6 correlated with systolic blood pressure (r=0.128, 11 

P<0.001).  Hypertensive subjects had significantly higher plasma IL-6 after adjusting 12 

for age and sex (geometric mean [95% CI] = 0.60 [0.54-0.65] vs 0.47 [0.44-0.50] ng/l, 13 

P=0.021).  In multiple logistic regression, higher plasma IL-6 was associated with 14 

hypertension in women (P=0.011), but not in men.  The SNP rs1800796 was associated 15 

with plasma IL-6 (β=-0.109, P=0.001).  However, this SNP was not associated with 16 

hypertension or blood pressure at baseline.  Among subjects normotensive in CRISPS-2, 17 

plasma IL-6 was not associated with the development of hypertension in CRISPS-3. 18 

CONCLUSION:  The SNP rs1800796 affected plasma IL-6 with a small effect size.  19 

Elevated plasma IL-6 is associated with prevalent hypertension in women, but not 20 

incident hypertension, suggesting that hypertension could be caused by other factors 21 

that might elevate plasma IL-6.  22 
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Introduction 1 

Obesity is known to be associated with both inflammation and hypertension.  Excess adipose 2 

tissues can secrete proinflammatory cytokines, leading to insulin resistance and increased 3 

hepatic production of CRP.
1
  Interleukin-6 (IL-6) is a pro-inflammatory cytokine, which 4 

plays a central role in chronic inflammation, insulin resistance, and atherogenesis.
1
  One of 5 

the major sites for IL-6 secretion is visceral fat, which may explain the relationship between 6 

visceral fat and systemic inflammation in abdominally obese subjects.
2
  IL-6 also plays a 7 

regulatory role in hepatic production of C-reactive protein (CRP) and fibrinogen,
3
 which are 8 

often elevated in the plasma of hypertensive subjects.
4,5

  Plasma IL-6 is associated with 9 

systolic blood pressure (SBP) and diastolic blood pressure (DBP) in apparently healthy men.
6
  10 

Some of the pro-atherosclerotic and pro-inflammatory effects of CRP are mediated partly by 11 

increased production of IL-6.
7
  Moreover, IL-6 can enhance myocyte hypertrophy and left 12 

ventricular remodelling.
8
  On the other hand, elevated blood pressure could also lead to 13 

vascular inflammation and hence elevated levels of inflammatory markers.
9
  Vasoactive 14 

peptides, such as angiotensin II, can also increase IL-6 expression leading to vascular 15 

inflammation.
10

  Therefore, whether plasma IL-6 can predict the development of 16 

hypertension is unclear.  Conventional cardiovascular risk factors such as age and HDL 17 

cholesterol are associated with both hypertension and plasma IL-6,
6,11

 which may thus 18 

confound the relationship between hypertension and plasma IL-6, leading to inconsistent 19 

findings in previous prospective studies, mainly in Caucasians.
11,12

 20 

 21 

There are some studies suggesting that genetic variants in the gene encoding IL-6 (IL6) may 22 

affect the risk of hypertension.
13-15

  We previously demonstrated that a single nucleotide 23 

polymorphism (SNP), rs1800796 (-572C>G), could influence plasma fibrinogen
16

 and 24 

fibrinogen may play a role in the development of hypertension in Hong Kong Chinese.
4
  25 
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Previously, we studied the only SNP in the 940 bp fragment of the IL6 promoter present in 1 

our population, rs1800796, and found that it was not associated with hypertension.
16

 2 

However, the relationship of plasma IL-6 with this SNP and incident hypertension was 3 

unknown.  Moreover, there may be some other SNPs in IL6, located in exons, introns and the 4 

more upstream regions that may affect plasma IL-6 and modulate the risk of hypertension.  In 5 

the present study, we therefore investigated whether tagging SNPs in IL6 may influence 6 

plasma IL-6 and whether plasma IL-6 is related to hypertension and predicts its development.   7 

 8 

Methods 9 

Subjects 10 

The Hong Kong Cardiovascular Risk Factor Prevalence Study is a population-based 11 

prospective cohort study of cardiovascular risk factors in Hong Kong Chinese.
17,18

  In 1995-12 

1996 (CRISPS-1), a random sample of 2,895 Hong Kong Chinese subjects, representative of 13 

the general population, was recruited.  In 2000-2004, 1,944 subjects were followed up in 14 

CRISPS-2 and detailed reasons for non-participation have been described previously.
17,18

 15 

Among the 1,944 subjects from the CRISPS-2 cohort, plasma IL-6 was measured in 942 16 

subjects, 49.3% of whom were women who were randomly selected after stratification for 17 

sex.  The study protocol was approved by the Ethics Committee of the University of Hong 18 

Kong and the Institutional Review Board of the Hong Kong West Cluster of Hospitals.  19 

Written informed consent was obtained from all participants.   20 

 21 

SNPs selection 22 

Tagging SNPs in IL6 were selected from the HapMap Han Chinese (Phase II data, release 22).  23 

There were four tagging SNPs that captured all the 6 SNPs from 5kb region upstream to 2kb 24 

downstream of the gene (position 22,728,345-22,740,141, GenBank accession number 25 
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NC_000007) with r
2
≥0.9 and minor allele frequency (MAF) ≥0.05 (Figure 1 & 1 

Supplementary Table S1).  Genotyping was performed using the MassARRAY system 2 

(Sequenom, San Diego, CA) with the iPLEX
TM

 assay.  After genotyping, the SNP rs2069852 3 

showed significant deviation from Hardy-Weinberg equilibrium (HWE) among all subjects 4 

(P=0.002) and normotensive subjects (P=0.017), and was excluded from analysis.  The 5 

remaining three SNPs captured 5 (83.3%) out of 6 genotyped SNPs in the HapMap Han 6 

Chinese. 7 

 8 

Variables of interest 9 

Hypertension was defined as blood pressure ≥140/90 mm Hg, or taking anti-hypertensive 10 

medication.  Blood pressure was measured in a sitting position three times at 5-minute 11 

intervals using an appropriately sized cuff and a mercury sphygmomanometer by a trained 12 

nurse after the subjects had sat for ≥10 minutes as described previously.
17,18

  Venous blood 13 

was taken from a forearm in the morning after overnight fasting for routine clinical 14 

biochemical assays and plasma samples were stored at -70°C until the time of assay.  Plasma 15 

IL-6 was measured in duplicate using high-sensitivity enzyme-linked immunosorbent assay 16 

(ELISA) kits (Bender MedSystems GmbH, Vienna, Austria).  The kit had a sensitivity of 17 

0.02 pg/ml, intra-assay coefficient of variation of 6.9% and inter-assay coefficient of 18 

variation of 8.0%.  Plasma high-sensitivity CRP and adiponectin were measured as described 19 

previously.
19

  Details on the measurement of other clinical parameters such as fasting glucose, 20 

2-h glucose after oral glucose tolerance test, fasting insulin, homeostasis model assessment of 21 

insulin resistance index (HOMA-IR), triglycerides, low-density lipoprotein (LDL) cholesterol, 22 

high-density lipoprotein (HDL) cholesterol, and fibrinogen had been described previously.
16-23 

19
  Data on alcohol drinking, smoking, and history of hypertension were obtained by 24 
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standardized interviewing using a questionnaire.  Regular drinking was defined as 1 

consumption of alcoholic drinks at least once a week.  2 

 3 

Statistical analysis 4 

Subject characteristics were compared using SPSS 15.0 (SPSS Inc., Chicago, IL).  Variables 5 

with skewed distribution, such as triglycerides, fasting glucose, 2-h glucose, fasting insulin, 6 

HOMA-IR, plasma adiponectin, CRP, and IL-6, were log-transformed before analysis.  7 

Variables were used as covariates in the multiple regression analysis if they were likely to 8 

affect the risks of hypertension, or correlated with plasma IL-6.  For variables that were 9 

highly correlated such as body mass index (BMI) and waist circumference, only one was 10 

entered into the regression model.  Haploview (version 4.1) was used to estimate pairwise 11 

linkage disequilibrium (LD) and select the tagging SNPs.
20

  Single variant analysis was 12 

performed under the assumption of a dominant model of inheritance for the minor allele as 13 

there were few subjects who were homozygous for the minor alleles.  Using Genetic Power 14 

Calculator
21

, our study of 294 hypertensive subjects and 648 normotensive subjects had 80% 15 

power to detect an odds ratio (OR) of 1.53 for an allele frequency of 0.15 at the 5% 16 

significance level in a dominant inheritance model, assuming a disease prevalence of 31.2%.  17 

Correction for multiple testing of three SNPs was performed by the SNP spectral 18 

decomposition method (SNPSpD).
22

  Under this method, the effective number of independent 19 

marker loci (MeffLi) was 2 and the experimental-wide significance threshold to keep type 1 20 

error rate at 5% was 0.0253.  Correction for testing of multiple phenotypes was not 21 

performed as the phenotypes tested were closely related to each other.   22 

 23 

Results 24 

Clinical characteristics and genotyping 25 
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Among 1,944 subjects in CRISPS-2, plasma IL-6 was measured in 942 subjects, who were 1 

randomly selected after stratification for sex, 49.3% of whom were women.  There was no 2 

significant difference in age between those with (n=942) and without (n=1,002) plasma IL-6 3 

measurement among all subjects, men, or women.  There was no significant difference in 4 

waist circumference, triglycerides, fasting glucose, 2-h glucose, fasting insulin, HOMA-IR, 5 

fibrinogen, and proportion of regular drinking between those with and without plasma IL-6 6 

measurement after adjusting for sex.  However, subjects with plasma IL-6 measurement had 7 

lower BMI, LDL cholesterol and CRP, but higher HDL cholesterol, adiponectin, and 8 

prevalence of smoking and hypertension after adjusting for sex (all P<0.05).  Table 1 shows 9 

the baseline clinical characteristics of the 294 hypertensive and 648 normotensive subjects in 10 

CRISPS-2.  Supplementary Table S2 shows the baseline clinical characteristics of the 11 

subjects by sex.  Women had significantly lower BMI, waist circumference, SBP, DBP, 12 

triglycerides, and fasting glucose, but higher HDL cholesterol, fibrinogen, and plasma 13 

adiponectin.  Women also had much lower proportions of current smoking and regular 14 

drinking than men.  15 

 16 

The three SNPs, rs17147230, rs1800796, and rs2069837, were all genotyped successfully in 17 

≥99.9% of the subjects with MAFs of 0.430, 0.207, and 0.158 respectively.  These SNPs did 18 

not show significant deviation from HWE among all subjects or among case- and control-19 

specific subgroups (P>0.08).  The pairwise LD (r
2
) between rs17147230 and rs1800796, 20 

rs1800796 and rs2069837, and rs17147230 and rs2069837 were 0.166, 0.680, and 0.093 21 

respectively.   22 

 23 

Association of plasma IL-6 with hypertension at baseline 24 
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At baseline, plasma IL-6 correlated with age (r=0.174, P<0.001), BMI (r=0.121, P<0.001), 1 

waist circumference (r=0.123, P<0.001), SBP (r=0.128, P<0.001), log-transformed 2 

triglycerides (r=0.077, P=0.019), HDL cholesterol (r=-0.100, P=0.002), log-transformed 3 

CRP (r=0.254, P<0.001), and fibrinogen (r=0.236, P<0.001).  The correlation of plasma IL-6 4 

with SBP remained significant after excluding subjects on anti-hypertensive medication 5 

(r=0.083, P=0.020) or when blood pressures in treated subjects were adjusted by adding 10/5 6 

mm Hg (r=0.140, P<0.001).
23

  Figure 2 shows the mean SBP according to plasma IL-6 7 

tertiles.  Plasma IL-6 did not differ significantly between subjects who were or were not 8 

current smokers (geometric mean [95% CI] = 0.54 [0.48-0.61] vs 0.49 [0.47-0.53] ng/l, 9 

P=0.192).  It was not related to other clinical characteristics shown in Table 1 (all P≥0.05).  10 

Among hypertensive subjects, plasma IL-6 did not differ between subjects with (n=170) and 11 

without (n=124) anti-hypertensive medication (P=0.120 after adjusting for age and sex). 12 

 13 

As shown in Table 1, plasma IL-6 was higher in hypertensive subjects at baseline (P=0.021).  14 

In an unadjusted model, the association of plasma IL-6 with hypertension was significant in 15 

women (P<0.001), but not in men (P=0.466) in sex-specific analysis (P for 16 

interaction=0.001).  In multiple logistic regression analysis, higher plasma IL-6 was 17 

independently associated with hypertension in women only (Table 2).  The sex-interaction in 18 

the association of plasma IL-6 with hypertension remained significant after adjusting for the 19 

main effects of all the covariates (P=0.010).   No significant interaction between plasma IL-6 20 

and other covariates was found in the full adjustment model.  Similar results were obtained if 21 

BMI was replaced by waist circumference in the regression model (data not shown) or if BMI 22 

was removed from the model (P=0.627 and 0.003 in men and women for IL-6 respectively). 23 

 24 

Association of SNPs with plasma IL-6 at baseline 25 
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As shown in Figure 3, the SNP rs1800796 was significantly associated with plasma IL-6 at 1 

baseline after adjusting for age and sex (β=-0.090, P=0.005).  The presence of the minor G 2 

allele was associated with a plasma IL-6 level 14.6 (95% CI: 4.6-23.5)% lower.  In multiple 3 

linear regression analysis, rs1800796 was independently associated with plasma IL-6 (Table 4 

3).  There was no significant sex-interaction after adjusting for the main effects of all the 5 

covariates (P=0.427).  Similar results were obtained if BMI was replaced by waist 6 

circumference or was removed in the regression model (P=0.001 for rs1800796 in both cases).  7 

Among the clinical characteristics shown in Table 1, the presence of the minor G allele of 8 

rs1800796 was also associated with higher plasma fibrinogen (mean±SD: 3.08±0.61 g/l for 9 

CG+GG vs 2.94±0.60 g/l for CC) after adjusting for age, sex, and plasma IL-6 (P<0.001), but 10 

not other characteristics. 11 

 12 

Association of SNPs with hypertension at baseline 13 

None of the SNPs were significantly associated with hypertension at baseline (P>0.05, 14 

Supplementary Table 3).  Among subjects not taking anti-hypertensive medication, none of 15 

the SNPs were significantly associated with SBP or DBP at baseline (P>0.05, Supplementary 16 

Table S3).  Similar insignificant results were obtained when blood pressures in treated 17 

subjects were adjusted by adding 10/5 mmHg (data not shown).
23

  Sex-specific analysis also 18 

did not reveal a significant association of SNPs with prevalent hypertension, SBP or DBP 19 

(P>0.05, Supplementary Table S3). 20 

 21 

Follow-up study in CRISPS-3 22 

Among 648 subjects normotensive in CRISPS-2, 515 subjects were followed up in CRISPS-3 23 

in 2005-2008 after a median interval of five years and 100 of them had developed 24 

hypertension in CRISPS-3 (Table 4).  Baseline plasma IL-6 did not differ significantly 25 
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between subjects with or without incident hypertension.  Sex-specific analysis also did not 1 

reveal a significant difference.  Among 294 subjects hypertensive in CRISPS-2, 213 subjects 2 

were followed up in CRISPS-3 and 189 subjects remained hypertensive in CRISPS-3.  3 

Among 415 subjects normotensive at both visits and 189 subjects hypertensive at both visits, 4 

plasma IL-6 level was higher in hypertensive subjects, especially in women.  Supplementary 5 

Table S4 shows the baseline characteristics of these subjects.  However, none of the SNPs 6 

were significantly associated with hypertension or blood pressure (both adjusting for and 7 

removing those taking anti-hypertensive medication) among subjects who were either 8 

normotensive or hypertensive at both CRISPS-2 and CRISPS-3 (data not shown). 9 

 10 

Discussion 11 

Elevated plasma levels of inflammatory markers are often associated with cardiovascular 12 

diseases and mortality in prospective studies.
8,24,25

  In some studies, the association is even 13 

stronger for plasma IL-6 than other inflammatory markers such as CRP and tumor necrosis 14 

factor (TNF)-α.
8,25

   As hypertension is a risk factor for cardiovascular diseases and mortality, 15 

plasma IL-6 may also be associated with hypertension or blood pressure.  The association of 16 

plasma IL-6 with blood pressure and prevalent hypertension in our cross-sectional study 17 

supports the concept of chronic inflammation in hypertension.
4-6,11,12

  The association tended 18 

to be stronger in women with significant sex-interaction.  This is consistent with the higher 19 

prevalence of cardiovascular risk factors in women with hypertension.
26

  This gender 20 

difference is also observed in other inflammatory markers, such as fibrinogen.
4
  In this study 21 

sample, the proportion of current smoking was much higher in men than women.  22 

Interestingly, smoking could interact with genetic variants in IL6 on the circulating levels of 23 

inflammatory markers.
27

  This may contribute partly to the difference in the association of 24 
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plasma IL-6 with hypertension and the strikingly different OR for the association of smoking 1 

with hypertension between men and women. 2 

  3 

In fact, there are two prospective studies on the role of IL-6 in the prediction of the 4 

development of hypertension,
11,12

 but their findings are inconsistent.  In the Women's Health 5 

Study, the association of plasma IL-6 with incident hypertension was no longer significant 6 

after further adjusting for conventional cardiovascular risk factors and plasma CRP.
11

  In the 7 

Multi-Ethnic Study of Atherosclerosis (MESA), plasma IL-6 was significantly associated 8 

with incident hypertension even after adjusting for conventional cardiovascular risk factors.
12

  9 

However, compared to the Women's Health Study, plasma CRP was not used as a covariate 10 

in the adjustment model in the MESA study.  In our study, baseline plasma IL-6 did not differ 11 

significantly between subjects with or without new-onset hypertension at follow-up in a 12 

simple model after adjusting for age, sex, and follow-up duration.  Therefore, our study 13 

supports the findings from the Women's Health Study that plasma IL-6 could not predict the 14 

future risk of hypertension and hypertension may be caused by other factors that elevate 15 

plasma IL-6.  In the Copenhagen City Heart Study, plasma CRP and fibrinogen, acute phase 16 

proteins downstream of IL-6 in the inflammatory cascade and markers of chronic 17 

inflammation, were not associated with blood pressure.
28

   18 

 19 

As hypertension is a complex disease and environmental factors also play an important role 20 

in its development, we studied the association of genetic variants with hypertension or blood 21 

pressure related traits, which were less likely to be confounded by environmental factors.  22 

The SNP rs1800796, which was significantly associated with plasma IL-6, was not associated 23 

with hypertension or blood pressures in our study.  This may be due to its small effect size on 24 

plasma IL-6.  Nevertheless, together with the negative association of plasma IL-6 with 25 
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incident hypertension, our finding also does not support a major direct role of IL-6 in the 1 

development of hypertension. 2 

 3 

The SNP rs1800796 possesses functional effects in the luciferase reporter gene assay.
29

  In 4 

our study, the minor G allele of rs1800796 was significantly associated with lower plasma 5 

IL-6 but higher plasma fibrinogen.  It may seem contradictory as both elevated plasma IL-6 6 

and fibrinogen are associated with higher risks of hypertension
4,6,11,12

 and cardiovascular 7 

adverse events.
8,24,25

  In fact, endogenous IL-6 also has anti-inflammatory properties in the 8 

regulation of pro-inflammatory cytokines, such as TNF-α and IL-1β, in both local and 9 

systemic acute inflammatory responses.
30

  Similarly, a genetic variant, rs8192284, in the IL-6 10 

receptor gene (IL6R) is associated with lower plasma IL-6, but higher risk for the metabolic 11 

syndrome in Southern Chinese.
31

  It is interesting that the G allele of rs1800796 was 12 

associated with lower plasma IL-6 in our and other studies,
32,33

 but higher plasma IL-6 in 13 

some other studies.
34,35

  Nevertheless, this discrepancy in the allelic effect on plasma IL-6 in 14 

the literature does not detract from the final conclusion of the present study regarding the 15 

association of a genetic variant in IL6 with its plasma level.   16 

 17 

In this study, genetic variants in IL6 are not associated with hypertension or any blood 18 

pressure related traits.  This is consistent with our previous case-control study in Hong Kong 19 

Chinese, showing no significant association of rs1800796 with hypertension.
16

  Similarly, 20 

rs1800795 in IL6 was not associated with incident hypertension in a prospective cohort of 21 

Caucasian women.
36

   In fact, genetic variants in IL6 have been shown to be associated with 22 

type 2 diabetes,
35,37

 ischemic stroke,
38

 and coronary heart disease.
13,39

 Therefore, IL-6 may be 23 

more related to these diseases than hypertension.  The elevated plasma IL-6 in hypertension 24 
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may be partly due to the presence of these closely related diseases or their underlying risk 1 

factors. 2 

 3 

Our study has the advantages of investigating the relationship between IL-6 and hypertension 4 

using both cross-sectional and prospective study designs as well as genotype data.  However, 5 

the major limitation of this study is the small sample size, which limits the power to identify 6 

the risk factors of incident hypertension and detect small effect size of genetic variants that 7 

are usually encountered in recent genome-wide association studies of hypertension.
40

  The 8 

association of SNPs with blood pressure and that of plasma IL-6 with incident hypertension 9 

may become significant if a larger cohort study were used.  As subjects were recruited from 10 

the general population, hypertensive subjects were older than normotensive subjects.  There 11 

was also a high percentage of anti-hypertensive medication treatment among hypertensive 12 

subjects (57.8%) in our population-based cohort although plasma IL-6 was not related to anti-13 

hypertensive medication treatment.  Moreover, as hypertension is a polygenic disease, our 14 

study only investigated SNPs in IL6, but not those in genes encoding other inflammatory 15 

markers, which may interact with SNPs in IL6.  The single measurement of plasma IL-6 may 16 

not be sufficient to reflect chronic IL-6 level and inflammation status. 17 

 18 

In conclusion, plasma IL-6 is elevated in hypertension, but cannot predict incident 19 

hypertension.  Although plasma IL-6 is affected by the SNP rs1800796, this SNP is not 20 

associated with hypertension or blood pressure, suggesting that hypertension is caused by 21 

other factors that elevate plasma IL-6.   22 

 23 
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Figure legend 1 

 2 

Figure 1 A schematic diagram of IL6.  Exons and introns are represented by boxes and 3 

thin lines respectively with their sizes indicated above.  The MAFs of the tagging SNPs in 4 

HapMap Han Chinese are indicated in the brackets. 5 

 6 

Figure 2 Mean SBP in subjects according to the sex-specific plasma IL-6 tertiles at 7 

baseline.  For all subjects, blood pressures in treated subjects were adjusted by adding 10/5 8 

mm Hg.
17

  Error bars indicate standard errors.  The cut-off values of tertiles 1, 2 and 3 in men 9 

and women respectively are <0.438 ng/l and <0.380 ng/l, 0.438-0.763 ng/l and 0.380-0.683 10 

ng/l, and ≥0.764 ng/l and ≥0.784 ng/l. 11 

 12 

Figure 3 Association of SNPs with plasma IL-6 at baseline.  Error bars indicate 13 

standard errors of geometric means.  Subjects homozygous for the minor allele were grouped 14 

with heterozygotes for comparison with those homozygous for the major allele to increase the 15 

sample size, and P values were adjusted for age and sex. *P values that can pass multiple 16 

testing correction (P<0.0253). 17 
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Table 1  Clinical characteristics of 942 subjects in CRISPS-2 (baseline) 1 

Characteristics Normotensive (n=648) Hypertensive (n=294) 

Age (years) 49.9 ± 11.0 59.2 ± 10.7‡ 

Women (%) 50.5 46.6 

BMI (kg/m
2
) 23.3 ± 3.2 25.2 ± 3.3‡ 

Waist circumference (cm) 78.0 ± 9.7 84.7 ± 9.1‡ 

SBP (mm Hg)
b
 115.2 ± 11.3 147.4 ± 14.5‡ 

DBP (mm Hg)
b
 72.8 ± 8.2 89.3 ± 10.5‡ 

Triglyceride (mmol/l)
a
 1.11 (1.07-1.16) 1.49 (1.41-1.58)‡ 

HDL cholesterol (mmol/l) 1.40 ± 0.36 1.27 ± 0.37‡ 

LDL cholesterol (mmol/l) 3.17 ± 0.78 3.34 ± 0.89* 

Fasting glucose (mmol/l)
a
 5.13 (5.06-5.20) 5.78 (5.62-5.95)‡ 

2-h glucose (mmol/l)
a
 6.50 (6.32-6.69) 8.10 (7.72-8.50)‡ 

Fasting insulin (mIU/l)
a
 6.67 (6.40-6.95) 9.27 (8.66-9.93)‡ 

HOMA-IR
a
 1.52 (1.45-1.59) 2.38 (2.20-2.58)‡ 

Fibrinogen (g/l) 2.92 ± 0.58 3.15 ± 0.65† 

Adiponectin (mg/l)
a
 7.28 (6.93-7.64) 6.37 (5.91-6.86)‡ 

CRP (mg/l)
a
 0.54 (0.50-0.58) 0.88 (0.79-0.98)‡ 

IL-6 (ng/l)
a
 0.47 (0.44-0.50) 0.60 (0.54-0.65)* 

men 0.52 (0.48-0.57) 0.55 (0.48-0.63) 

women 0.42 (0.38-0.46) 0.65 (0.58-0.73)‡ 

Current smoking (%) 22.4 14.6‡ 

Regular drinking (%) 12.2 9.0* 

Data are expressed as meanSD unless otherwise stated.  2 

*P<0.05, †P<0.01, and ‡P<0.001 for normotensive versus hypertensive subjects after 3 

adjusting for age and sex, except for age (adjusted for sex only), sex (for age only) and sex-4 

specific IL-6 level (for age only).  5 

a
Data are expressed as geometric mean (95% CI) due to skewed distributions. 6 
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b
Subjects on anti-hypertensive medication were excluded (n=170).     1 
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Table 2  Multiple logistic regression analysis for hypertension at baseline 1 

Parameters Men (n=416) Women (n=415) 

 OR (95% CI) P  OR (95% CI) P  

Age (years) 1.07 (1.04-1.09) <0.001* 1.08 (1.05-1.11) <0.001* 

BMI (kg/m
2
) 1.12 (1.02-1.23) 0.017* 1.11 (1.01-1.21) 0.024* 

2-h glucose 

(mmol/l)
a
 

1.41 (1.08-1.84) 0.011* 0.90 (0.65-1.23) 0.501 

HOMA-IR
a
 1.04 (0.72-1.52) 0.827 1.70 (1.18-2.46) 0.004* 

Current smoking 0.48 (0.28-0.83) 0.008* 3.00 (0.88-10.29) 0.080 

IL-6 (ng/l)
a 
 0.92 (0.72-1.18) 0.517 1.49 (1.10-2.00) 0.009* 

Nagelkerke r
2
 0.299  0.358  

Triglycerides (log-transformed), HDL cholesterol, adiponectin (log-transformed), and regular 2 

drinking were also included in the model but they were not significant factors in all subjects, 3 

men or women (P>0.05). 4 

a
ORs are expressed in term of per SD of log-transformed unit. 5 

*P<0.05. 6 
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Table 3  Multiple linear regression analysis for plasma IL-6 (log-transformed) at baseline 1 

(n=925) 2 

Parameters β P  

Age (years) 0.099 0.007* 

CRP (mg/l, log-transformed) 0.161 <0.001* 

Fibrinogen (g/l) 0.158 <0.001* 

Presence of minor G allele of rs1800796 -0.108 0.001* 

r
2
 0.103  

Sex, BMI, triglycerides (log-transformed), SBP, and HDL cholesterol were also included in 3 

the model but they were not significant factors (P>0.05). 4 

*P<0.05.5 
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Table 4  Baseline characteristics of 515 normotensive subjects in CRISPS-2 according to the 1 

hypertension status in CRISPS-3 2 

Characteristics Normotensive 

(n=415) 

Hypertensive 

(n=100) 

P
b
 

Age (years) 47.0 ± 9.6 55.7 ± 9.5 <0.001 

Women (%) 52.3 46.0 0.487 

BMI (kg/m
2
) 23.0 ± 2.9 24.1 ± 3.8 0.002 

SBP (mm Hg) 112.4 ± 10.2 124.8 ± 8.7 <0.001 

DBP (mm Hg) 71.9 ± 8.1 77.0 ±7.4 <0.001 

IL-6 (ng/l)
a
 0.44 (0.41-0.48) 0.51 (0.45-0.59) 0.355 

men 0.49 (0.44-0.56) 0.56 (0.47-0.67) 0.624 

women 0.40 (0.36-0.46) 0.46 (0.37-0.57) 0.401 

Data are expressed as meanSD or geometric mean (95% CI) unless otherwise stated.  3 

a
Data are expressed as geometric mean (95% CI) due to skewed distributions. 4 

b
Adjusted for baseline age, sex, and follow-up duration.  5 
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Supplementary Table S1  Tagging SNP selection 1 

SNP Chromosome 

position 

(NC_000007) 

Location in 

gene 

MAF 

(CHB 

HapMap) 

Alleles 

(Major : 

Minor) 

Tagging 

SNP 

r
2
 

rs17147230 22728701 5' near gene 0.378 A:T rs17147230 1.00 

rs1800796 22732771 5' near gene 0.233 C:G rs1800796 1.00 

rs2069837 22734552 intron 2 0.2 A:G rs2069837 1.00 

rs1524107 22734744 intron 2 0.25 T:C rs1800796 0.94 

rs2066992 22734774 intron 2 0.244 T:G rs1800796 0.94 

rs2069852 22738785 3' near gene 0.267 A:G rs2069852 1.00 

2 
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Supplementary Table S2  Clinical characteristics of 942 subjects in CRISPS-2 (baseline) by 1 

sex 2 

Characteristics Men (n=478) Women (n=464) 

Age (years) 53.3 ± 12.0 52.3 ± 11.5 

BMI (kg/m
2
) 24.2 ± 3.3 23.5 ± 3.3† 

Waist circumference (cm) 84.1 ± 9.3 75.9 ± 9.0‡ 

Hypertension (%) 32.8 29.5 

SBP (mm Hg)
b
 123.1 ± 14.4 117.5 ± 18.5‡ 

DBP (mm Hg)
b
 78.0 ± 9.8 72.8 ± 10.6† 

Triglyceride (mmol/l)
a
 1.34 (1.28-1.41) 1.11 (1.06-1.16)‡ 

HDL cholesterol (mmol/l) 1.24 ± 0.35 1.47 ± 0.36‡ 

LDL cholesterol (mmol/l) 3.28 ± 0.81 3.17 ± 0.82 

Fasting glucose (mmol/l)
a
 5.44 (5.34-5.54) 5.21 (5.11-5.32)† 

2-h glucose (mmol/l)
a
 6.91 (6.66-7.17) 6.93 (6.70-7.17) 

Fasting insulin (mIU/l)
a
 7.30 (6.94-7.68) 7.49 (7.10-7.91) 

HOMA-IR
a
 1.76 (1.67-1.87) 1.74 (1.63-1.85) 

Fibrinogen (g/l) 2.93 ± 0.63 3.05 ± 0.58† 

Adiponectin (mg/l)
a
 5.97 (5.63-6.33) 8.21 (7.79-8.65)‡ 

CRP (mg/l)
a
 0.67 (0.61-0.73) 0.59 (0.54-0.65) 

IL-6 (ng/l)
a
 0.53 (0.49-0.57) 0.48 (0.44-0.52) 

Current smoking (%) 35.1 4.3‡ 

Regular drinking (%) 18.9 3.5‡ 

Data are expressed as meanSD unless otherwise stated.  3 

*P<0.05, †P<0.01, and ‡P<0.001 for men versus women subjects after adjusting for age, 4 

except for age (no adjustment).  5 
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a
Data are expressed as geometric mean (95% CI) due to skewed distributions. 1 

b
Subjects on anti-hypertensive medication were excluded (n=86 in men and 84 in women).     2 
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Supplementary Table S3  P values for the association of SNPs with hypertension and blood 1 

pressure at baseline in CRISPS-2 2 

SNP P 

 All  Men Women 

Hypertension (n=942) 

rs17147230 0.737 0.574 0.216 

rs1800796 0.432 0.993 0.222 

rs2069837 0.242 0.714 0.145 

    

SBP (n=772)* 

rs17147230 0.736 0.523 0.874 

rs1800796 0.120 0.047 0.618 

rs2069837 0.241 0.064 0.741 

    

DBP (n=772)* 

rs17147230 0.685 0.433 0.671 

rs1800796 0.204 0.271 0.419 

rs2069837 0.186 0.151 0.447 

All P values were adjusted for age and sex (except in sex-specific analysis).  Subjects 3 

homozygous for the minor allele were grouped with heterozygotes for comparison with those 4 

homozygous for the major allele. 5 

*Subjects on anti-hypertensive medication were excluded (n=170).     6 
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Supplementary Table S4  Baseline characteristics of 415 subjects normotensive at both 1 

CRISPS-2 and CRISPS-3, and 189 subjects hypertensive at both CRISPS-2 and CRISPS-3 2 

Characteristics Normotensive 

(n=415) 

Hypertensive 

(n=189) 

P
c
 

Age (years) 47.0 ± 9.6 57.8 ± 9.6 0.173 

Women (%) 52.3 47.6 0.758 

BMI (kg/m
2
) 23.0 ± 2.9 25.4 ± 3.4 <0.001 

SBP (mm Hg)
a
 112.4 ± 10.2 150.7 ± 13.5 <0.001 

DBP (mm Hg)
a
 71.9 ± 8.1 89.8 ±11.9 <0.001 

IL-6 (ng/l)
b
 0.44 (0.41-0.48) 0.60 (0.54-0.68) 0.005 

men 0.49 (0.44-0.56) 0.56 (0.48-0.67) 0.564 

women 0.40 (0.36-0.46) 0.65 (0.56-0.75) 0.001 

Data are expressed as meanSD or geometric mean (95% CI) unless otherwise stated.  3 

a
Subjects on anti-hypertensive medication were excluded (n=112).     4 

b
Data are expressed as geometric mean (95% CI) due to skewed distributions. 5 

c
Adjusted for baseline age and sex.  6 
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