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Summary 
Fibrinogen, a major determinant of blood viscosity, is an acute phase 
protein associated with cardiovascular disease. We studied the associ-
ation of hypertension with single nucleotide polymorphisms (SNPs) in 
the gene encoding the fibrinogen β chain (FGB). Three tagging SNPs 
(rs1025154, rs4220 and rs1044291) were selected from the HapMap 
database on Han Chinese. Genotypes were determined in 1,294 unre-
lated subjects from the Hong Kong Cardiovascular Risk Factor Preva-
lence Study cohort. There were 199 hypertensive subjects at baseline. 
Among 1,095 subjects normotensive at baseline, 178 developed hyper-
tension during a median follow-up period of 6.4 years. Among the three 
tagging SNPs, rs4220 showed significant association with hypertension 
at both baseline (odds ratio [OR]=1.49, p=0.004) and at follow-up 
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(OR=1.32, p=0.013). The minor A allele of this SNP was associated with 
higher plasma fibrinogen level (β=0.144, p<0.001 at baseline and 
β=0.130, p<0.001 at follow-up). Among subjects normotensive at 
baseline, this SNP was also associated with the development of hyper-
tension in men (OR=1.52, p=0.022), but not in women. The SNP rs4220 
in FGB, which leads to the substitution of arginine by lysine at position 
448, is independently associated with plasma fibrinogen level and hy-
pertension in Hong Kong Chinese. This suggests a possible causal role of 
fibrinogen in hypertension development, especially in men.  
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Introduction 

Fibrinogen, a major determinant of blood viscosity, is an acute 
phase protein associated with cardiovascular disease and the meta-
bolic syndrome (1, 2). Previous studies have shown consistently 
that fibrinogen can predict the development of cardiovascular dis-
eases such as coronary heart disease, stroke and myocardial infarc-
tion, as well as related mortality (3). Fibrinogen consists of three 
polypeptide chains, α, β and γ, among which the synthesis of the β 
chain is the rate-limiting step in the synthesis of mature fibrinogen 
(4). The genes encoding the three polypeptide chains are clustered 
together in a 55 kb-region on the chromosome 4q23–32 (5). Gen-
etic variants in the gene encoding the fibrinogen β chain (FGB) 
such as –455G>A and –148C>T have been shown to be associated 
with plasma fibrinogen levels in different studies (6). However, 

there have been relatively few reports on the role of fibrinogen in 
hypertension. Some of the previous cross-sectional studies dem-
onstrated positive association of plasma fibrinogen with hyperten-
sion, but some did not (7, 8). There were two prospective studies 
which reported positive association of plasma fibrinogen with de-
velopment of hypertension in men, but not in women (7, 9). For 
genetic association study, a recent cross-sectional study in Ger-
many reported that genetic variants in the FGB gene were not as-
sociated with hypertension although a genetic variant in the fibri-
nogen α chain showed a significant association in women only, but 
not in men (8). To the best of our knowledge, there are few reports 
on the relationship of hypertension and fibrinogen in Chinese 
populations (10), and none examining the association of genetic 
variants of fibrinogen with hypertension in Chinese. 
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We previously reported the association of genetic variants in the 
FGB gene with impaired glucose tolerance in Hong Kong Chinese 
(11). We also recently reported that dysglycaemia and raised blood 
pressure co-exist in a large proportion of subjects in the popu-
lation-based Hong Kong Cardiovascular Risk Factor Prevalence 
Study-2 (CRISPS-2) cohort (12). In this cohort, 58% subjects with 
diabetes had raised blood pressure and 56% subjects with hyper-
tension had dysglycaemia (12). Age, systolic blood pressure and 
two-hour glucose level after oral glucose tolerance test (OGTT) 
were independent predictors of the development of hypertension 
(12). Therefore, we hypothesised that genetic variants in the FGB 
gene may be associated with hypertension in our population. We 
genotyped three tagging single nucleotide polymorphisms (SNPs) 
in 1,294 subjects from the CRISPS-2 cohort and studied their as-
sociations with hypertension. 

Methods 

Subjects 

In the Hong Kong Cardiovascular Risk Factor Prevalence Study 
(CRISPS), a random sample of 2,895 Hong Kong Chinese subjects 
were recruited from the general population in 1995–1996 and 1944 
of them enrolled in the follow-up study (CRISPS-2) in 2000–2004 
after a median interval of 6.4 years (12–15). Among the 1,944 sub-
jects in the CRISPS-2 study, DNA samples were available in 1,938 
subjects and 1,299 of them had plasma fibrinogen level measured 
at both baseline and follow-up. Five subjects were further excluded 
from the study as they had less than two out of the three SNPs suc-
cessfully genotyped. Therefore, a total of 1,294 subjects were in-
cluded in the analysis. The study protocol was approved by the 
Ethics Committee of the University of Hong Kong. The study 
complies with the Declaration of Helsinki. All subjects gave 
written, informed consent.  

SNP selection and genotyping 

From the HapMap data on the Han Chinese population (Phase II 
data, release 23) (16), three tagging SNPs in the FGB gene with a 
minor allele frequency (MAF) ≥0.05 were identified (rs1025154, 
rs4220 and rs1044291). These three tagging SNPs captured all the 
15 SNPs from 5 kb upstream to 2 kb downstream of the gene (posi-
tion 155,698,596–155,713,688, GenBank accession number 
NC_000004, NCBI 36) with r2≥0.9 and MAF≥0.05 (see Supple-
mentary Table 1 available online at www.thrombosis-online.com). 
Genotyping was performed using a MassARRAY system (Seque-
nom, San Diego, CA, USA) and an iPLEXTM assay in the Genome 
Research Centre, The University of Hong Kong. All the nucleotide 
sequences were based on the forward strand of sequence from the 
GenBank accession number NC_000004. 

Statistical analysis 

Subject characteristics were compared using unpaired student’s 
t-test or Mann-Whitney U test for continuous variables, and chi-
square test for categorical variables using SPSS 15.0 (SPSS Inc., 
Chicago, IL, USA). Haploview version 4.1 was used to calculate 
linkage disequilibrium (LD) and select the tagging SNPs (17). Ha-
plotype analysis was performed using the program PLINK (ver-
sion 1.0.6) (18). Only haplotypes with frequency >0.05 were 
tested. In PLINK, logistic or linear regression models were used to 
estimate the odds ratios (OR) or unstandardised regression coef-
ficients under the assumption of an additive effect of allele dosage. 
For single variant analysis, standardised regression coefficients (β) 
were also estimated. For variables with a skewed distribution, the 
logarithms were used in analysis. The SNP spectral decomposition 
method (SNPSpD) was used to correct for multiple testing in 
single variant analysis (19). The effective number of independent 
marker loci was 2.605 and the experimental-wide significance 
threshold to keep type 1 error rate at 5% was 0.0192. For sex-spe-
cific analysis, the threshold was 0.0096 under this method.  

Results 

Subject characteristics 

In this study, the prevalence of hypertension was 15.4% at baseline 
and 26.9% at follow-up. As expected, hypertensive subjects had 
significantly higher mean age, body mass index (BMI), waist cir-
cumference, blood pressure, plasma triglycerides, fasting glucose, 
two-hour glucose after OGTT, fasting insulin and homeostasis 
model assessment of insulin resistance index (HOMA-IR), and re-
duced high-density lipoprotein (HDL)-cholesterol (�Table 1). 
The plasma fibrinogen level was significantly associated with hy-
pertension (p=0.012 at baseline and p=0.032 at follow-up).  

Genotyping and LD  

The genotyping rates were ≥99.8% for all the SNPs. The MAFs of 
rs1025154, rs4220 and rs1044291 were 47.7%, 27.0% and 11.5%, 
respectively. None of the SNPs showed significant deviation from 
Hardy-Weinberg equilibrium among all subjects or among case- 
and control-specific subgroups at both baseline and follow-up 
(p>0.05). The SNP rs1025154 showed a significantly higher MAF 
in this study than that in the HapMap Han Chinese population 
(p=0.007). None of the SNP pairs showed moderate or high pair-
wise LD with each other (r2≤0.40 for all SNP pairs with the average 
r2 value of 0.197 and D' ≥0.99 for all SNP pairs) (�Fig. 1). The 
pairwise LD pattern in our population was similar to that in the 
HapMap Han Chinese population (p>0.05 for all the three SNP 
pairs). There were four common haplotypes with frequency >0.05, 
namely, CGC (0.522), TAC (0.269), TGT (0.115) and TGC (0.093) 
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Figure 1: Pairwise LD pattern in 
Hong Kong subjects and HapMap 
Han Chinese population. The valu-
es shown are the pairwise LD coef-
ficients (r2) calculated. The darker the 
colour, the higher is the r2 value. 

(see Supplementary Table 2 available online at www.thrombosis-
online.com). 

Association with plasma fibrinogen 

In our subjects, minor alleles of both SNPs rs1025154 and rs4220 
were associated with higher plasma fibrinogen level at both base-
line and follow-up, even after age and sex adjustment (�Table 2). 
The association of rs1025154 was not significant after further ad-
justing for the rs4220 genotype (p=0.705 and 0.823 at baseline and 
follow-up, respectively), suggesting its association was due to link-
age disequilibrium with rs4220. The association of rs4220 with 
plasma fibrinogen was significant in both men (regression coef-
ficient=0.159, β=0.171, p<0.001 at baseline and regression coeffi-
cient=0.097, β=0.103, p=0.007 at follow-up) and women (regres-
sion coefficient=0.109, β=0.119, p=0.001 at baseline and regres-
sion coefficient=0.151, β=0.158, p<0.001 at follow-up).  

In the haplotype analysis, haplotype TAC (the only haplotype 
containing the minor allele of rs4220) was significantly associated 

Table 1: Clinical char-
acteristics of 1,294 
subjects as stratified 
by hypertension status 
at baseline and follow-
up. 

 Baseline Follow-up 

Normotensive 
(n=1,095) 

Hypertensive 
(n=199) 

Normotensive 
(n=945) 

Hypertensive 
(n=349) 

Age, years 42.3 ± 10.8 56.9 ± 10.5‡ 48.6 ± 10.8 59.5 ± 10.9‡ 

Women, % 52.0 47.7 53.2 46.1 

BMI, kg/m2 23.6 ± 3.3 26.1 ± 3.7‡ 23.4 ± 3.3 25.4 ± 3.4‡ 

Waist circumference, cm 77.0 ± 9.5 85.2 ± 9.9‡ 78.2 ± 9.7 84.9 ± 9.3‡ 

Systolic blood pressure, mmHg§ 111.8 ± 12.4 149.6 ± 12.1‡ 114.3 ± 11.2 148.4 ± 15.2‡ 

Diastolic blood pressure, mmHg§ 71.2 ± 8.4 88.1 ± 8.4‡ 72.5 ± 8.1 89.5 ± 10.6‡ 

Triglycerides, mM 0.97 (0.94–1.00) 1.32 (1.23–1.42)‡ 1.10 (1.06–1.13) 1.48 (1.40–1.56)‡ 

Total cholesterol, mM 4.96 ± 0.98 5.42 ± 0.97 5.24 ± 0.93 5.40 ± 0.94 

Physical activity, %Ψ 35.1 44.2* 28.9 37.9 

Tertiary education, % 14.3 13.1 16.8 10.7 

Anti-hypertensive medication, % - 37.2 - 60.2 

Data are expressed as mean ± SD or geometric mean (95% CI) unless otherwise stated. *p<0.05, †p<0.01, and ‡p<0.001 for nor-
motensive versus hypertensive subjects after adjusting for age and sex. §For blood pressures, subjects on anti-hypertensive drug 
medications were excluded. #Regular drinking was defined as “at least once a week”. ΨPhysical activity was defined as “taking ex-
ercise at least once a week in the past month”. 

HDL-cholesterol, mM 1.28 ± 0.32 1.21 ± 0.34* 1.39 ± 0.38 1.27 ± 0.36‡ 

LDL-cholesterol, mM 3.16 ± 0.83 3.53 ± 0.89 3.21 ± 0.82 3.35 ± 0.84 

Fasting glucose, mM 5.16 (5.11–5.21) 6.04 (5.82–6.28)‡ 5.16 (5.11–5.21) 5.81 (5.67–5.96)‡  

2-h glucose, mM 5.74 (5.63–5.86) 7.55 (6.98–8.17)‡ 6.48 (6.33–6.62) 8.30 (7.95–8.67)‡  

Fasting insulin, mIU/l 4.45 (4.28–4.64) 6.19 (5.54–6.91)‡ 6.77 (6.55–6.99) 9.22 (8.66–9.82)‡ 

HOMA-IR 1.02 (0.98–1.07) 1.66 (1.47–1.88)‡ 1.55 (1.50–1.61) 2.38 (2.21–2.56)‡ 

Fibrinogen, g/l 2.47 ± 0.55 2.78 ± 0.67* 2.92 ± 0.56 3.13 ± 0.65* 

Current smoking, % 19.5 14.7 19.8 12.6‡ 

Regular drinking, %# 13.5 10.1* 11.2 10.6 
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with higher plasma fibrinogen level whereas haplotype CGC (the 
only haplotype containing the minor allele of rs1025154) was sig-
nificantly associated with lower level at both baseline and follow-
up (see Supplementary Table 3 available online at www.thrombo
sis-online.com). The overall haplotype association with plasma fi-
brinogen was not significant after controlling for the SNP rs4220 at 
both baseline (p=0.708) and follow-up (p=0.587), suggesting the 
significant haplotype associations were mainly contributed by the 
single variant rs4220. 

Association with hypertension 

As shown in �Table 3, the minor A allele of the SNP rs4220 
showed significant association with higher odds of hypertension at 
both baseline and follow-up (OR=1.49, p=0.004 and OR=1.32, 

p=0.013, respectively). In sex-specific analysis, the association of 
this SNP with hypertension was significant only in men (p=0.024 
at baseline and 0.005 at follow-up), but not in women, although 
there was a trend towards significance at baseline (p=0.059 at base-
line and 0.511 at follow-up). The association of rs4220 with hyper-
tension at baseline remained significant after adjusting for age, sex, 
BMI, triglycerides (ln-transformed), HDL-cholesterol, HOMA-IR 
(ln-transformed), two-hour glucose after OGTT (ln-transform-
ed), current smoking, regular drinking, physical activity and ter-
tiary education (OR [95% confidence interval (CI)]=1.52 
[1.09–2.10], p=0.014). 

The haplotype TAC was significantly associated with higher 
odds of hypertension at baseline (see Supplementary Table 3 avail-
able online at www.thrombosis-online.com). The overall haplo-
type association with hypertension was not significant after con-
trolling for SNP rs4220 (p=0.362), suggesting that the significant 
haplotype association was mainly contributed by the single variant 
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Table 2: Associations 
of genotypes with fi-
brinogen level at base-
line and follow-up. 

SNP Genotype Baseline Follow-up 

Mean ± SD 
(g/l) 

P-value (regression 
 coefficient, β) 

Mean ± SD 
(g/l) 

P-value (regression 
 coefficient, β) 

rs1025154 CC 2.45 ± 0.57 0.001 (0.069, 0.086)* 2.94 ± 0.60 0.003 (0.065, 0.079)* 

CT 2.54 ± 0.60 2.96 ± 0.57 

TT 2.57 ± 0.55 3.05 ± 0.64 

rs4220 GG 2.45 ± 0.56 <0.001 (0.134, 0.144)* 2.92 ± 0.60 <0.001 (0.124, 0.130)* 

GA 2.58 ± 0.59 3.00 ± 0.56 

AA 2.71 ± 0.61 3.21 ± 0.70 

rs1044291 CC 2.53 ± 0.59 0.363 (-0.031, –0.024) 2.98 ± 0.59 0.628 (-0.017, –0.013) 

CT 2.47 ± 0.56 2.94 ± 0.62 

TT 2.57 ± 0.53 3.00 ± 0.57 

All p-values were adjusted for age and sex. *P-values that can pass multiple testing correction (p<0.0192). 

Table 3: Associations of genotypes with hypertension at baseline and follow-up. 

SNP Genotype Frequency (%) 

Baseline Follow-up 

Normotensive 
(n=1,095) 

Hypertensive  
(n=199) 

P-value  
(OR [95% CI]) 

Normotensive 
(n=945) 

Hypertensive  
(n=349) 

rs1025154 CC 29.2 24.6 0.166 (1.18 
[0.93–1.50]) 

29.1 26.6 

CT 46.9 51.8 47.5 48.1 

TT 23.9 23.6 23.4 25.2 

rs4220 GG 54.2 46.2 0.004 (1.49 
[1.13–1.95])* 

54.6 48.7 

GA 39.1 44.2 38.7 43.0 

AA 6.7 9.5 6.7 8.3 

rs1044291 CC 77.0 84.8 0.071 (0.68 
[0.45–1.03]) 

76.9 81.6 

CT 21.9 13.6 22.2 16.4 

TT 1.1 1.5 0.8 2.0 

P-value  
(OR [95% CI]) 

0.114 (1.16 
[0.96–1.40]) 

0.013 (1.32 
[1.06–1.63])* 

0.368 (0.87 
[0.64–1.18]) 

All p-values were adjusted for age and sex. *P-values that can pass multiple testing correction (p<0.0192). OR, odds ratio. 
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Table 4: Associations 
of genotypes with 
blood pressure in sub-
jects not taking anti-
hypertensive medi-
cations at baseline 
(n=1,220) and follow-
up (n=1,084).

SNP Genotype Baseline Follow-up 

Mean ± SD 
(mmHg) 

P-value (regression 
 coefficient, β) 

Mean ± SD 
(mmHg) 

P-value (regression 
 coefficient, β) 

Systolic blood pressure 

rs1025154 CC 116.4 ± 17.0 0.409 (-0.474, –0.020) 119.7 ± 16.5 0.702 (-0.236, –0.010) 

CT 116.0 ± 17.1 118.4 ± 16.9 

TT 114.1 ± 16.1 118.0 ± 15.1 

rs4220 GG 115.1 ± 17.1 0.110 (1.062, 0.039) 118.4 ± 16.9 0.208 (0.902, 0.034) 

GA 116.6 ± 16.1 119.0 ± 15.8 

AA 114.5 ± 18.6 118.4 ± 16.5 

rs1044291 CC 73.3 ± 9.9 0.006 (-1.613, –0.073)* 75.1 ± 10.1 0.002 (-2.093, –0.090)* 

CT 71.5 ± 9.4 73.0 ± 10.4 

TT 70.5 ± 10.8 70.6 ± 7.7 

Data are expressed as mean ± SD. All p-values were adjusted for age and sex. *P-values that can pass multiple testing correction 
(p<0.0192). 

rs1044291 CC 116.5 ± 17.1 <0.001 (-3.097, –0.082)* 119.2 ± 16.2 0.026 (-2.265, –0.061) 

CT 112.3 ± 15.3 116.8 ± 17.1 

TT 114.6 ± 19.2 112.8 ± 9.2 

Diastolic blood pressure 

rs1025154 CC 73.6 ± 9.5 0.067 (-0.659, –0.049) 75.0 ± 9.9 0.774 (-0.118, –0.008) 

CT 73.1 ± 10.1 74.5 ± 10.6 

TT 71.9 ± 9.6 74.5 ± 10.0 

rs4220 GG 72.8 ± 9.8 0.814 (0.098, 0.006) 74.2 ± 10.1 0.019 (1.109, 0.068) 

GA 73.4 ± 9.7 75.0 ± 10.3 

AA 71.4 ± 10.6 76.4 ± 10.9 

rs4220. None of the haplotypes showed significant association 
with hypertension at follow-up. 

Association with blood pressure 

We then tested the association with blood pressure after excluding 
subjects on anti-hypertensive medications. The minor T allele of 
the SNP rs1044291 was significantly associated with lower systolic 
and diastolic blood pressure at baseline (p<0.001 and p=0.006, re-
spectively) (�Table 4). A similar association with diastolic blood 
pressure was found at follow-up. In sex-specific analysis, the as-
sociation of rs1044291 with blood pressure was significant in men, 
but not in women (see Supplementary Table 4 available online at 
www.thrombosis-online.com). At baseline, the minor A allele of 
the SNP rs4220 was significantly associated with higher systolic 
blood pressure in men (p=0.007) and a nominal association was 
also found at follow-up (p=0.029). Although the minor C allele of 
the SNP rs1025154 was significantly associated with lower diastolic 
blood pressure in women at baseline (p=0.008), no significant or 
nominal association was found at follow-up (p=0.276). 

In haplotype analysis, haplotype TGT was significantly associ-
ated with lower systolic and diastolic blood pressure at baseline as 
well as lower diastolic blood pressure at follow-up (see Supple-
mentary Table 3 available online at www.thrombosis-online.com). 
Haplotype TAC was significantly associated with higher diastolic 
blood pressure at follow-up. The overall haplotype associations 
with blood pressures at both baseline and follow-up (shown in see 
Supplementary Table 3 available online at www.thrombosis-on
line.com) became non-significant after controlling for the SNP 
rs1044291 (p>0.150), suggesting that the significant haplotype as-
sociations were mainly contributed by the single variant 
rs1044291. 

Association with the development of hypertension 

Since SNP rs4220 was associated with both hypertension and plas-
ma fibrinogen level, we investigated whether this genetic variant 
predicted the development of hypertension at follow-up among 
subjects who were normotensive at baseline. Among 1,095 normo-
tensive subjects at baseline, 178 subjects had developed hyperten-
sion by follow-up. The minor A allele of the SNP rs4220 showed 
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significant association with higher odds of developing hyperten-
sion after adjusting for baseline age, sex and follow-up duration in 
men (OR [95% CI]=1.52 [1.06–2.17], p=0.022), but not in women 
(OR [95% CI]=0.97 [0.64–1.47], p=0.877). This SNP showed a 
marginal non-significant sex interaction (p=0.082). The associ-
ation in men remained significant after further adjusting for base-
line BMI, systolic blood pressure, triglycerides (ln-transformed), 
HDL-cholesterol, HOMA-IR (ln-transformed), two-hour glucose 
after OGTT (ln-transformed), current smoking, regular drinking, 
physical activity and tertiary education (OR [95% CI]=1.64 
[1.06–2.68], p=0.26). 

Discussion 

In this study, we found that the genetic variants in the FGB gene 
were associated with plasma fibrinogen, hypertension and blood 
pressure. We also confirmed the robust association of the genetic 
variants in the FGB gene with plasma fibrinogen. In all the ana-
lyses, we tried to confirm the findings at baseline in the follow-up 
study. All the main findings presented here were also found at fol-
low-up with significant or nominal associations. Nevertheless, our 
finding needs confirmation in a larger independent prospective 
cohort.  

It has been suggested that elevated plasma fibrinogen can in-
crease blood viscosity and peripheral vascular resistance, leading 
to elevated blood pressure (9). The association of plasma fibri-
nogen with hypertension could also be due to its role in inflam-
mation, hyperinsulinaemia, insulin resistance and arterial stiffness 
(7, 20). As genotypes are randomly assigned at conception, the co-
variates that typically confound traditional epidemiological 
studies would less likely act as confounders in genetic association 
studies and it was suggested that statistical adjustment for genetic 
associations may be unnecessary (21). Therefore, we only adjusted 
the findings for age and sex in the primary analysis. Nevertheless, 
we have adjusted for potential confounding factors in the final 
models for the association with hypertension. 

Two previous prospective studies in Australian and American 
populations showed significant association of plasma fibrinogen 
with development of hypertension in men, but not in women (7, 
9). Our findings are consistent with these two reports and further 
demonstrated that this gender difference in the association with 
development of hypertension could also occur at the genetic level. 
As rs4220 was associated with plasma fibrinogen level, our data, 
and those from the other two cohort studies, thus suggest a possi-
ble causal relationship of fibrinogen in the development of hyper-
tension, especially in men. The underlying mechanism for this 
gender difference is unknown. One of the possible explanations 
may be the large difference in the prevalence of smoking between 
men and women in Hong Kong compared to Western populations 
(22). It has been reported that the effect of genetic variants on plas-
ma fibrinogen is more significant in smokers than non-smokers 
(23). However, in our cohort, adjustment for smoking status did 
not alter the significant association of rs4220 with development of 

hypertension and there is no significant interaction with smoking 
(data not shown). Moreover, it has been suggested that the gender 
difference in insulinaemia and insulin resistance, sex hormone, 
and gender difference in the relationship between blood viscosity 
and age, may also contribute to this observation (7). Although fi-
brinogen β chain synthesis is the rate-limiting step of the synthesis 
of mature fibrinogen (4), variants in the genes encoding fibrinogen 
α and γ chains have also been reported to be associated with plas-
ma fibrinogen level (8, 24). Moreover, they are also associated with 
cardiovascular risks (8, 24, 25). 

We observed higher plasma fibrinogen levels in subjects with 
the minor A allele of the rs4220 variant. The change of G to A allele 
in SNP rs4220 leads to substitution of arginine by lysine in exon 8 
in the carboxyl terminal of the fibrinogen β polypeptide chain and 
may affect the configuration of this domain (26). This polymor-
phism was reported to be associated with macrovascular diseases 
(23, 26, 27). Moreover, this SNP is in high LD with several SNPs in 
the gene region, such as rs2227401 (see Supplementary Table 1 
available online at www.thrombosis-online.com), which is in per-
fect LD with the two widely studied SNPs –455G>A (rs1800790) 
and –148C>T (rs1800797) (8). In fact, the –455G>A polymor-
phism can alter the binding of a transactivation protein complex as 
it is located in an interleukin-6 responsive HNF1 element (28, 29). 
This SNP is also associated with erythrocyte aggregation in men, 
but not in women (30). The –148C>T polymorphism may also af-
fect the protein expression as it is located near an interleukin-6 re-
sponsive element and is in a putative transforming growth factor-β 
responsive element (31).  

Among our subjects not taking anti-hypertensive drugs, SNP 
rs1044291 was significantly associated with blood pressure. The as-
sociation of this SNP with hypertension did not reach statistical 
significance in this study (p=0.071 at baseline and p=0.368 at fol-
low-up). This may be due to insufficient power as the minor T al-
lele of this SNP is associated with only 2.3–3.1 mmHg decrease in 
systolic blood pressure and 1.6–2.1 mmHg decrease in diastolic 
blood pressure, which are insufficient to cause hypertension after a 
few years in someone who has blood pressure in the normal range 
at baseline. However, such decreases in blood pressure are clinically 
relevant. In middle-aged people, a 2 mmHg reduction in usual 
blood pressure is associated with 10% lower mortality from stroke 
and 7% lower mortality from ischaemic heart disease or other vas-
cular causes (32). The SNP rs4220 was associated with hyperten-
sion, but was not significantly associated with blood pressure, ex-
cept systolic blood pressure in men at baseline. In the analysis of 
the association with blood pressure, excluding subjects taking anti-
hypertensive drugs could reduce power because of the loss of sub-
jects with a more extreme phenotype. The involvement of multiple 
genes and gene-environment interaction in the aetiology of hyper-
tension may also make the scenario more complex. Nevertheless, 
our study demonstrates the positive association of rs4220 with de-
velopment of hypertension at follow-up in men. The significant 
association of the SNP rs1025154 with diastolic blood pressure in 
women at baseline could have arisen by chance due to its non-sig-
nificant p-value at follow-up. This highlights the importance of 
using the follow-up data for confirmation. 
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Among the four ethnic populations (Han Chinese, Japanese, 
European and African) in the HapHap project, all three SNPs ge-
notyped in this study have ethnic differences in the MAF. For 
example, the MAF of rs4220 ranges from 0.083 in African, 0.125 in 
Japanese, 0.178 in Han Chinese to 0.208 in European populations. 
Even within China, the MAF of this SNP among subjects without 
coronary artery disease differs by region, ranging from 0.071 in 
Shanxi to 0.276 in Guangdong, which is comparable to the MAF of 
0.270 found in this study (33). This MAF is slightly higher than the 
MAF of 0.21–0.23 in European populations for rs222740 and 
rs1800790, which are in complete LD with rs4220 (8, 34). It has also 
been reported that plasma fibrinogen level is higher among South 
Asians than Caucasians in the United Kingdom, independent of 
genetic variants in the FGB gene (35). Ethnic differences in plasma 
fibrinogen level and MAF of genetic variants may explain the dif-
ferences between this study and a recent German study that 
showed no association of genetic variants with hypertension (8). 
Nevertheless, our results are consistent with other studies showing 
that SNP rs4220 or its closely related SNPs such as rs1800790 are 
significantly associated with plasma fibrinogen level (6, 8, 23, 35, 
36). In a previous meta-analysis, it was noted that a study in China 
showed greater effect size of rs1800790 on coronary heart disease 
risk than other studies (6). Although meta-analyses involving 
mainly American and European populations did not reveal strong 
associations of FGB SNPs with cardiovascular diseases (6, 37), 
meta-analyses of studies in Chinese revealed significant associ-
ations (33, 38, 39). In addition, this SNP is associated with coron-
ary heart disease in type II diabetic patients in our population (40). 

There are some limitations in this study. The number of hyper-
tensive cases in the study cohort was low relative to the controls, 
and so affected the power of this study. In addition, the exact time 
of the development of hypertension was unknown. Although the 
MAF of the SNP rs1025124 in this study is higher than that in the 
HapMap Han Chinese population, there is no significant differ-
ence in the pairwise LD pattern. Therefore, the tagging SNPs geno-
typed are representative of both populations. 

In conclusion, the SNP rs4220 in the FGB gene is associated 
with plasma fibrinogen level and prevalent hypertension in Hong 

What is known about this topic? 
● Genetic variants in the gene encoding the fibrinogen β chain are 

associated with plasma fibrinogen level.  
● There were two prospective studies which reported positive associ-

ation of plasma fibrinogen with incident hypertension in men, but 
not in women. 

What does this paper add? 
● Genetic variants in the gene encoding the fibrinogen β chain are 

associated with prevalent and incident hypertension, especially in 
men.  

● This study suggests a possible causal role of fibrinogen in hyper-
tension development. References 
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