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Background: Recently, the roles of b-fibrinogen (FGb) polymorphisms in ischemic
stroke (IS) were intensively analyzed, but the results of these studies were inconsis-
tent. Thus, we performed this study to better assess potential relationship between
FGb polymorphisms and the risk of IS. Methods: Eligible studies were searched in
PubMed, Medline, Embase, and CNKI. Odds ratios (ORs) and 95% confidence inter-
vals (CIs) were calculated to evaluate correlations between FGb polymorphisms
and IS. Results: A total of 49 studies were included for analyses. Significant associa-
tions with the risk of IS were detected for FGb ¡148 C/T and ¡455 G/A polymor-
phisms in overall analyses. Further subgroup analyses according to ethnicities of
participants revealed that the ¡148 C/T polymorphism was significantly correlated
with the risk of IS in both Asians and Caucasians, while the ¡455 G/A polymor-
phism was only significantly correlated with the risk of IS in Asians. When we strat-
ified available data according to types of disease, we found that both FGb
¡148 C/T and ¡455 G/A polymorphisms were significantly correlated with the
risk of cerebral infarction. Conclusions: Our findings indicated that FGb ¡148 C/T
and ¡455 G/A polymorphisms may serve as potential biological markers for IS in
Asians. Moreover, the FGb ¡148 C/T polymorphism may also serve as a potential
biological marker for IS in Caucasians.
Key Words: b-fibrinogen (FGb)—gene polymorphisms—ischemic stroke (IS)—
meta-analysis
© 2018 Published by Elsevier Inc. on behalf of National Stroke Association.
Introduction

Ischemic stroke (IS), characterized by necrosis of brain
tissue resulted from stenosis or even obstruction of
of Neurology, Hongqi Hospital of Mudan-
Mudanjiang, China; †Department of Neu-
spital of Jiamusi University, Jiamusi, China;
ory Medicine, Hongqi Hospital of Mudan-
, Mudanjiang, China; and §Department of
ated Hospital of Mudanjiang Medical Uni-
a.
revision received August 18, 2018; accepted

s supported by Natural Science Foundation
(H2017077).
e to Yanqin Guo, MD, Department of Neu-
of Mudanjiang Medical University, No. 5
jiang 157011, China. E-mail:
m
ted equally to this work.
matter
Elsevier Inc. on behalf of National Stroke

6/j.jstrokecerebrovasdis.2018.09.007

ebrovascular Diseases, Vol. 28, No. 2 (February
cerebral arteries, is the leading cause of death and disabil-
ity worldwide.1 To date, the exact cause of IS remains
ambiguous despite extensive investigations. Nevertheless,
accumulating evidence suggests that genetic factors may
play crucial parts in its pathogenesis. First, numerous
genetic variants have been found to be associated with an
increased risk of IS by previous genetic association stud-
ies.2-4 Second, screening of common causal variants has
also been proved to be an efficient way to predict the indi-
vidual risk of developing IS.5 Overall, these findings
jointly indicated that genetic predisposition is crucial for
the occurrence and development of IS.
Fibrinogen, a glycoprotein consists of a, b, and g

chains, functions as a vital clotting factor and plays an
important role in regulating thrombosis formation.6 It is
encoded by 3 different genes located at q23-q32 of chro-
mosome 4.7 Previous experimental studies have demon-
strated that ¡148 C/T and ¡455 G/A polymorphisms of
b-fibrinogen (FGb) could affect plasma fibrinogen levels
and these 2 polymorphisms were also associated with an
increased risk of thrombotic disorders.8,9 It is well docu-
mented that thrombosis formation plays a central role in
), 2019: pp 243�250 243
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the development of IS. Consequently, FGb ¡148 C/T and
¡455 G/A polymorphisms are considered to be ideal can-
didate genetic biomarkers of IS.
Recently, numerous studies have been conducted to

investigate potential associations between FGb polymor-
phisms and the risk of IS. But the results of these studies
were inconsistent and the sample size of individual stud-
ies was inadequate to draw a definite conclusion.10-13

Thus, we conducted this meta-analysis to better analyze
the roles of FGb polymorphisms in the development of IS.
Materials and Methods

Literature Search and Inclusion Criteria

This meta-analysis was adhered to the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses
(PRISMA) guideline.14 Potentially eligible articles were
searched in PubMed, Medline, Embase, and CNKI using
the combination of following key words: “b-fibrinogen,”
“FGb,” “polymorphism,” “variant,” “mutation,” “geno-
type,” “allele,” “ischemic stroke,” “cerebral infarction,”
“brain infarction,” “transient ischemic attack,” and “cere-
brovascular disease.” The initial literature search was con-
ducted in February 2018 and the latest update was
performed in July 2018. The reference lists of all retrieved
publications were also screened to identify other potentially
relevant articles.
Included studies should met all the following criteria:

(1) case-control study on correlations between FGb poly-
morphisms and the risk of IS; (2) provide adequate data
to calculate odds ratios (ORs) and 95% confidence inter-
vals (CIs); (3) full text available. Studies were excluded if
one of the following criteria was fulfilled: (1) not relevant
to FGb polymorphisms and IS; (2) family-based associa-
tion studies; (3) case reports or case series; (4) abstracts,
reviews, comments, letters, and conference presentations.
For duplicate reports, only the study with the largest sam-
ple size was included. No language restrictions were
imposed in this meta-analysis.
Data Extraction and Quality Assessment

The following data were extracted from included stud-
ies: (1) name of the first author; (2) year of publication; (3)
country and ethnicity of participants; (4) the number of
cases and controls; and (5) genotypic distributions of FGb
polymorphisms in cases and controls. In addition, the
probability value (P value) of Hardy-Weinberg equilib-
rium (HWE) was also calculated according to genotypic
frequency of FGb polymorphisms in the control group.
The Newcastle-Ottawa scale (NOS) was employed to

assess the quality of eligible studies from 3 aspects: (1)
selection of cases and controls; (2) comparability between
cases and controls; and (3) exposure in cases and con-
trols.15 The NOS has a score range of 0-9, and studies with
a score of more than 7 were thought to be of high quality.
Two reviewers (Luo and Li) conducted data extraction
and quality assessment independently. When necessary,
the reviewers wrote to the corresponding authors for
extra information or raw data. Any disagreement between
the 2 reviewers was solved by discussion with the third
reviewer (Guo) until a consensus was reached.
Statistical Analyses

All statistical analyses were conducted with Review
Manager Version 5.3.3 (The Cochrane Collaboration, Soft-
ware Update, Oxford, United Kingdom). ORs and 95%
CIs were calculated to assess potential associations of FGb
polymorphisms with the risk of IS in the dominant, reces-
sive, additive, and allele models and a P value of .05 or
less was considered to be statistically significant. Between-
study heterogeneities were evaluated based on Q test and
I2 statistic. If P value of Q test was less than .10 or I2 was
greater than 50%, random-effect models would be used
for analyses due to the existence of significant heterogene-
ities. Otherwise, fixed-effect models would be applied for
analyses. Subgroup analyses by ethnicities of participants
and types of disease were subsequently conducted to
obtain more specific results. Sensitivity analyses were car-
ried out to test the stability of synthetic results. Funnel
plots were applied to evaluate possible publication bias.
Results

Characteristics of Included Studies

The literature search identified 287 potentially relevant
articles. After exclusion of irrelevant and duplicate articles
by reading titles and abstracts, 97 articles were retrieved
for further evaluation. Another 48 articles were subse-
quently excluded after reading the full text. Finally, a total
of 49 eligible studies were included in this meta-analysis
(see Fig 1). Characteristics of included studies were sum-
marized in Table 1.
Overall and Subgroup Analyses

To investigate potential correlations of FGb poly-
morphisms with the risk of IS, 25 studies about FGb
¡148 C/T polymorphism (3928 cases and 4505 con-
trols) and 33 studies about FGb ¡455 G/A polymor-
phism (5201 cases and 6584 controls) were enrolled for
analyses. Significant associations with the risk of IS
were detected for FGb ¡148 C/T (dominant model: P
= .0008, OR = .72, 95% CI .59-.87; additive model: P =
.0006, OR = 1.29, 95% CI 1.12-1.50; allele model: P =
.001, OR = .77, 95% CI .65-.90) and ¡455 G/A (domi-
nant model: P < .0001, OR = .69, 95% CI .58-.82;
recessive model: P = .001, OR = 1.34, 95% CI 1.12-1.61;
additive model: P = .0004, OR = 1.38, 95% CI 1.15-1.65;
allele model: P < .0001, OR = .75, 95% CI .67-.86) poly-
morphisms in overall analyses.
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Figure 1. Flowchart of study selection for the present study.
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Further subgroup analyses based on ethnicities of par-
ticipants revealed that the ¡148 C/T polymorphism was
significantly correlated with the risk of IS in both Asians
(dominant model: P = .002, OR = .71, 95% CI .57-.88;
recessive model: P = .05, OR = 1.43, 95% CI 1.01-2.03;
additive model: P = .002, OR = 1.29, 95% CI 1.10-1.52;
allele model: P = .002, OR = .75, 95% CI .63-.90) and Cau-
casians (dominant model: P = .001, OR = .61, 95% CI .
46-.83; additive model: P = .001, OR = 1.65, 95% CI 1.21-
2.24; allele model: P = .005, OR = .69, 95% CI .54-.89),
while the ¡455 G/A polymorphism was only
significantly correlated with the risk of IS in Asians
(dominant model: P < .0001, OR = .65, 95% CI .55-.78;
recessive model: P = .002, OR = 1.35, 95% CI 1.12-1.63;
additive model: P < .0001, OR = 1.46, 95% CI 1.21-1.76;
allele model: P < .0001, OR = .73, 95% CI .64-.83).
When we stratified available data according to types of

disease, we found that both FGb ¡148 C/T (dominant
model: P = .001, OR = .72, 95% CI .59-.88; recessive
model: P = .001, OR = 1.55, 95% CI 1.19-2.03; additive
model: P = .002, OR = 1.24, 95% CI 1.08-1.42; allele model:
P = .0004, OR = .76, 95% CI .66-.88) and ¡455 G/A



Table 1. The characteristics of included studies for FGb polymorphisms and IS

First author, year Country Ethnicity Type of disease Sample size Genotype distribution P value for HWE NOS score

Cases Controls

¡148 C/T CC/CT/TT

Blake 2001 USA Mixed IS 209/751 137/67/5 468/243/40 .255 8

Cai 2003 China Asian CI 202/204 98/92/12 122/73/9 .643 7

Cui 2010 China Asian CI 92/98 36/48/8 56/37/5 .725 7

Fu 2006 China Asian CI 132/171 75/50/7 102/58/11 .483 7

Gao 2006 China Asian IS 100/100 54/32/14 68/25/7 .042 7

Huo 2016 China Asian CI 55/55 30/15/10 23/17/15 .006 7

Kumar 2017 India Caucasian IS 250/250 153/90/7 188/56/6 .459 8

Liang 2006 China Asian IS 160/130 55/90/15 71/52/7 .524 7

Liu 2002 China Asian CI 96/273 NA NA NA 7

Liu 2004 China Asian CI 90/102 NA NA NA 7

Liu 2008 China Asian CI 220/140 105/85/30 84/49/7 .966 8

Liu 2013 China Asian CI 135/65 64/59/12 42/19/4 .367 8

Luo 2015 China Asian IS 685/774 413/243/29 396/301/77 .079 8

Lv 2007 China Asian CI 147/130 71/63/13 79/45/6 .899 8

Ma 2006 China Asian CI 151/101 85/63/3 70/30/1 .252 8

Ou 2017 China Asian CI 225/221 116/90/19 114/98/9 .031 8

Pan 2005 China Asian CI 69/60 41/26/2 41/18/1 .535 7

Qian 2014 China Asian CI 102/90 66/30/6 43/39/8 .841 8

Rubattu 2005 Italy Caucasian IS 115/180 66/41/8 113/55/12 .147 7

Song 2005 China Asian CI 88/80 38/42/8 47/27/6 .449 8

Wang 2005 China Asian CI 160/162 101/47/12 112/42/8 .133 7

Xu 2005 China Asian IS 90/60 52/32/6 41/17/2 .884 8

Zhang 2003 China Asian CI 48/52 25/18/5 39/11/2 .302 7

Zhang 2012 China Asian IS 156/143 84/64/8 101/38/4 .852 8

Zhao 2006 China Asian CI 151/113 70/65/16 62/47/4 .169 8

-455 G/A GG/GA/AA

Bi 2004 China Asian IS 134/166 93/37/4 112/46/8 .259 7

Cai 2003 China Asian CI 202/204 98/92/12 122/73/9 .643 7

Chen 2006 China Asian CI 40/40 21/17/2 32/7/1 .434 7

Coen Herak 2017 Croatia Caucasian IS 73/100 36/33/4 42/51/7 .104 8

Cui 2010 China Asian CI 92/98 42/44/6 67/27/4 .547 7

Dong 2004 China Asian IS 86/90 54/27/5 74/12/4 .002 7

Fu 2005 China Asian IS 160/130 54/94/12 72/50/8 .861 7

Fu 2006 China Asian CI 132/171 79/50/3 94/68/9 .461 7

Gao 2009 China Asian CI 154/83 79/62/13 60/18/5 .039 8

(continued on next page)
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Table 1 (Continued)

First author, year Country Ethnicity Type of disease Sample size Genotype distribution P value for HWE NOS score

Cases Controls

Hu 2017 China Asian IS 479/580 271/172/36 382/177/21 .929 8

Kessler 1997 Germany Caucasian IS 219/218 129/79/11 109/102/7 .003 8

Kopyta 2015 Poland Caucasian IS 83/159 45/32/6 96/55/8 .973 7

Li 2001 China Asian IS 104/156 NA NA NA 7

Li 2007 China Asian CI 78/62 52/23/3 45/15/2 .594 8

Li 2008 China Asian IS 101/96 61/36/4 70/24/2 .973 8

Li 2009 China Asian CI 274/162 NA NA NA 7

Li 2009 China Asian CI 156/143 83/66/7 105/35/3 .967 8

Liu 2000 China Asian CI 91/74 60/30/1 60/13/1 .759 7

Liu 2002 China Asian CI 96/273 NA NA NA 7

Liu 2013 China Asian CI 135/65 79/45/11 45/16/4 .141 8

Luo 2015 China Asian IS 712/744 421/245/46 410/302/62 .542 8

Ma 2001 China Asian IS 294/279 185/96/13 175/92/12 .983 8

Nishiuma 1998 Japan Asian IS 85/84 NA NA NA 8

Ou 2017 China Asian CI 189/207 86/67/36 104/95/8 .015 8

Qian 2014 China Asian CI 90/102 46/36/8 70/26/6 .108 8

Tang 2010 China Asian CI 59/103 35/23/1 53/46/4 .117 7

Yang 2006 China Asian CI 108/123 55/43/10 76/42/5 .789 8

Yuan 2009 China Asian CI 114/1277 70/43/1 805/428/44 .158 7

Zhang 2012 China Asian IS 156/143 83/66/7 105/35/3 .967 8

Zhao 2005 China Asian CI 111/123 55/43/13 76/42/5 .789 8

Zhou 2004 China Asian CI 72/136 42/29/1 72/59/5 .089 7

Zhou 2010 China Asian CI 220/140 92/123/5 95/42/3 .507 8

Zhu 2008 China Asian CI 102/53 52/44/6 36/16/1 .607 7

Abbreviations: CI, Cerebral infarction; FGb, b-fibrinogen; HWE, Hardy-Weinberg equilibrium; IS, Ischemic stroke; NA, Not available; NOS, Newcastle-Ottawa scale.
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Table 2. Overall and subgroup analyses for FGb polymorphisms and IS

Polymorphisms Population Sample size Dominant comparison Recessive comparison Additive comparison Allele comparison

P value

OR (95%CI)

P value

OR (95%CI)

P value

OR (95%CI)

P value

OR (95%CI)

¡148 C/T Overall 3928/4505 .0008

.72 (.59-.87)

.09

1.31 (.96-1.80)

.0006

1.29 (1.12-1.50)

.001

.77 (.65-.90)

Asian 3354/3324 .002

.71 (.57-.88)

.05

1.43 (1.01-2.03)

.002

1.29 (1.10-1.52)

.002

.75 (.63-.90)

Caucasian 365/430 .001

.61 (.46-.83)

.80

1.10 (.54-2.23)

.001

1.65 (1.21-2.24)

.005

.69 (.54-.89)

CI 2163/2117 .001

.72 (.59-.88)

.001

1.55 (1.19-2.03)

.002

1.24 (1.08-1.42)

.0004

.76 (.66-.88)

¡455 G/A Overall 5201/6584 <.0001

.69 (.58-.82)

.001

1.34 (1.12-1.61)

.0004

1.38 (1.15-1.65)

<.0001

.75 (.67-.86)

Asian 4826/6107 <.0001

.65 (.55-.78)

.002

1.35 (1.12-1.63)

<.0001

1.46 (1.21-1.76)

<.0001

.73 (.64-.83)

Caucasian 375/477 .19

1.20 (.91-1.58)

.42

1.29 (.69-2.41)

.09

.79 (.60-1.04)

.44

1.09 (.88-1.36)

CI 2619/3795 <.0001

.65 (.55-.81)

.0003

1.68 (1.27-2.23)

.0005

1.49 (1.19-1.87)

<.0001

.72 (.61-.85)

Abbreviations: CI, Cerebral infarction; CI, Confidence interval; FGb, b-fibrinogen; IS, Ischemic stroke; NA, Not available; OR, Odds ratio.

The values in bold represent that there are statistically significant differences between cases and controls.
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(dominant model: P < .0001, OR = .65, 95% CI .55-.81;
recessive model: P = .0003, OR = 1.68, 95% CI 1.27-2.23;
additive model: P = .0005, OR = 1.49, 95% CI 1.19-1.87;
allele model: P< .0001, OR = .72, 95% CI .61-.85) polymor-
phisms were significantly correlated with the risk of cere-
bral infarction (CI) (see Table 2).

Sensitivity Analyses

Sensitivity analyses were carried out to examine the sta-
bility of synthetic results by eliminating studies that devi-
ated from HWE. No changes of results were observed in
any comparisons, which indicated that our findings were
statistically reliable.

Publication Biases

Potential publication biases were evaluated with funnel
plots. No obvious asymmetry of funnel plots was
observed in any comparisons, which suggested that our
findings were unlikely to be influenced by severe publica-
tion biases.

Discussion

To the best of our knowledge, this is so far the most
comprehensive meta-analysis on correlations between
FGb polymorphisms and IS. Significant associations
with the risk of IS were detected for FGb ¡148 C/T
and ¡455 G/A polymorphisms in overall analyses. Fur-
ther subgroup analyses according to ethnicities of par-
ticipants revealed that the ¡148 C/T polymorphism
was significantly correlated with the risk of IS in both
Asians and Caucasians, while the ¡455 G/A polymor-
phism was only significantly correlated with the risk of
IS in Asians. When we stratified available data accord-
ing to types of disease, we found that both FGb
¡148 C/T and ¡455 G/A polymorphisms were signifi-
cantly correlated with the risk of CI. No any other posi-
tive results were found for investigated polymorphisms
in overall and subgroup analyses. The stability of the
synthetic results was subsequently evaluated in sensitiv-
ity analyses, and no changes of results were observed
in any comparisons, which indicated that our findings
were quite stable and reliable. As for evaluation of het-
erogeneities, obvious between-study heterogeneities
were detected for FGb ¡148 C/T and ¡455 G/A poly-
morphisms in certain comparisons (data not shown).
But in further stratified analyses, a great reduction of
heterogeneity was found in the Asian and CI sub-
groups, which suggested that differences in ethnic back-
ground and type of disease could partially explain
observed heterogeneities between studies.
There are several points that need to be addressed

about the current study. First, previous experimental
studies have shown that mutant alleles of FGb
¡148 C/T and ¡455 G/A polymorphisms were
correlated with higher plasma fibrinogen levels, and this
may explain positive findings in current meta-analysis.8,9

Second, the pathogenic mechanism of IS is highly com-
plex, and hence it is unlikely that a single FGb gene
polymorphism can significantly contribute to its develop-
ment. The significant correlations detected between FGb
gene polymorphisms and the risk of IS in our meta-anal-
ysis may be attributed to a higher plasma fibrinogen
level. However, it is also possible that investigated poly-
morphisms could modify the individual susceptibility to
well-established risk factors of IS, such as hypertension,
hyperlipidemia, and diabetes. Therefore, to better
illustrate potential correlations of certain gene polymor-
phisms with IS, we strongly recommend further studies
to perform haplotype analyses and explore potential
gene-gene interactions.
As with all meta-analysis, this study certainly has

some limitations. First, our results were based on
unadjusted estimations due to lack of raw data, and
failure to perform further adjusted analyses for age,
gender, and co-morbidity conditions may impact the
reliability of our findings.16 Second, obvious heteroge-
neities were detected in certain subgroup comparisons,
which indicated that the inconsistent results of
included studies could not be fully explained by differ-
ences in ethnic background or type of disease, and
other unmeasured characteristics of participants may
also partially attribute to between-study heterogene-
ities.17 Third, associations between FGb polymor-
phisms and IS may also be influenced by gene-gene
and gene-environmental interactions.18 However, the
majority of studies did not consider these potential
interactions, which impeded us to perform relevant
analyses accordingly. Taken these limitations into con-
sideration, the results of the current study should be
interpreted with caution.
Overall, our meta-analysis suggested that FGb

¡148 C/T and ¡455 G/A polymorphisms may serve
as potential biological markers for IS in Asians. More-
over, the FGb ¡148 C/T polymorphism may also serve
as a potential biological marker for IS in Caucasians.
However, further well-designed studies, especially in
Caucasians, are still warranted to confirm our findings.
Additionally, future investigations are needed to
explore potential roles of other FGb polymorphisms in
the development of IS.
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