
Systematic Review and Meta-Analysis

1

Medicine®

Blood fibrinogen level as a biomarker of adverse 
outcomes in patients with coronary artery disease
A systematic review and meta-analysis
Zhanqian Cui, MMa, Guowei Zhao, MMb, Xi Liu, MDa,* 

Abstract 
Background: The association between elevated fibrinogen level and adverse outcomes in patients with coronary artery disease 
(CAD) remains conflicting. This systematic review and meta-analysis aims to evaluate the association between fibrinogen level and 
adverse outcomes in CAD patients.

Methods: Relevant studies were identified by searching PubMed, Web of Science, and Embase databases from their inception 
to September 30, 2021. Observational studies that investigated the association of blood fibrinogen level with cardiovascular 
death, all-cause mortality, and major adverse cardiovascular events were eligible.

Results: A total of 20,395 CAD patients from 15 articles (13 studies) were included. Comparison with the highest and the lowest 
fibrinogen level indicated that elevated fibrinogen level was associated with higher risk of cardiovascular death (risk ratio [RR] 
2.24; 95% confidence interval [CI] 1.69–2.98), all-cause mortality (RR 1.88; 95% CI 1.50–2.36), and major adverse cardiovascular 
events (RR 1.46; 95% CI 1.18–1.81).

Conclusion: Elevated fibrinogen level is significantly associated with an increased risk of cardiovascular and all-cause mortality 
in patients with CAD. Baseline fibrinogen level can serve as a promising biomarker for risk stratification of CAD.

Abbreviations: ACS = acute coronary syndrome,CAD = coronary artery disease, CI = confidence interval, MACE = major 
adverse cardiovascular event,NOS = Newcastle-Ottawa Scale, OR = odds ratio, RR = risk ratio.

Keywords: all-cause mortality, cardiovascular events, cardiovascular mortality, coronary artery disease, fibrinogen, meta-analysis

1. Introduction
Despite advances in aggressive treatment strategies, coronary 
artery disease (CAD) remains the main cause of death world-
wide.[1] CAD patients still suffer substantial risk for death and 
cardiovascular events. Risk stratification for death and cardio-
vascular events among CAD patients is essential in facilitating 
more effective secondary prevention. However, use of current 
traditional risk factors does not fully predict the adverse out-
comes of CAD.[2] In order to improve risk stratification, identifi-
cation of additional predictors is an urgent need.

Inflammation and thrombogenesis has been implicated in the 
pathogenesis of CAD. Fibrinogen, mainly synthesized by hepato-
cytes, is a biomarker of both thrombogenesis and inflammation.[3,4] 
Higher fibrinogen level has been identified as a risk factor of car-
diovascular events in the general population.[5] Blood fibrinogen 
level was higher in patients with CAD compared with the normal 
individuals.[6] In patients with established CAD, the associations 
between elevated fibrinogen level and survival or cardiovascular 
events remain uncertain.[7–12] Considering blood fibrinogen level 
as a prognostic marker remains elusive in patients with CAD, 

we conducted this meta-analysis to address the prognostic signif-
icance of elevated fibrinogen level in CAD patients, in terms of 
cardiovascular events, cardiovascular, and all-cause mortality.

2. Methods

2.1. Literature search

The current meta-analysis followed the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses guidelines. Ethical 
approval was not necessary because this study only analyzed the 
study-level data. Two authors comprehensively searched online 
medical databases (PubMed, Web of Science, and Embase) from 
their inception to September 30, 2021. The following keywords with 
their combinations were applied for literature search: “fibrinogen” 
AND “coronary artery disease” OR “coronary heart disease” OR 
“ischemic heart disease” OR “ischaemic heart disease” OR “acute 
coronary syndromes” OR “myocardial infarction” OR “angina” 
AND “death” OR “mortality” AND “follow-up” OR “follow up.” 
We also manually scanned the reference lists of included studies and 
pertinent reviews to identify potentially eligible studies.
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2.2. Inclusion and exclusion criteria

The eligible studies should satisfy all the following inclusion 
criteria:

	 1.	 Original prospective or retrospective observational stud-
ies that focused on CAD patients;

	 2.	 Evaluation of the prognostic utility of fibrinogen level at 
baseline for predicting cardiovascular death, all-cause mor-
tality, and major adverse cardiovascular events ([MACEs] 
including death, stroke, nonfatal myocardial infarction, 
revascularization, etc) during at least 1 year of follow-up; and

	 3.	 Reported multivariable adjusted hazard ratio, risk ratio 
(RR), or odds ratio (OR) with their corresponding 95% 
confidence interval (CI) or data to calculate them.

For multiple publications overlapping with the same patient 
population, only the study with the longer follow-up or specific 
subgroup was included. Exclusion criteria were:

	 1.	 Without reporting adjusted risk estimate;

	 2.	 Providing risk estimate by per unit increment in fibrino-
gen level;

	 3.	 Patients concurrent with other specific diseases; and
	 4.	 Reviews or conference abstracts.

2.3. Data extraction and quality assessment

The following information was extracted from the eligible 
studies by 2 independent authors: surname of the first author, 
publication year, region of origin, study design, type of CAD, 
sample size, proportion of male gender, baseline age of patients, 
fibrinogen level cutoff, definition of MACEs, outcome mea-
sures, number of events, fully adjusted risk estimate, covariates 
adjusted in the analysis, and duration of follow-up. Two authors 
independently evaluated the methodological quality of eligible 
studies using the Newcastle-Ottawa Scale (NOS) for cohort 
studies.[13] Studies with NOS score ≥7 was graded as high qual-
ity. Any discrepancies were settled by discussing with a third 
author to reach consensus.

Articles identified by searching 
PubMed, Web of Science, and Embase
databases (n = 2658)

Articles after duplicates removed (n = 772)

Articles screened
(n = 772)

Full-text articles assessed for 
eligibility (n = 55)

Articles excluded after scanning the titles 
and abstracts (n = 717)

15 Articles (13 studies)
included in the meta-analysis

40 articles excluded with reasons:
Participants not restricted in coronary artery 
disease patients (n = 6); endpoint was not of 
interest (n =14); Exposure not relevant (n = 
7); Patients concurrent with diabetes (n = 2); 
Risk estimate by continuous fibrinogen data
(n = 3); Unadjusted risk estimate (n = 2); 
Follow-up duration less than one year (n = 
3). Overlapping patients with other articles
(n = 3)

Additional articles identified by 
hand search (n = 0)

Figure 1.  Flow chart of the study selection process.
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2.4. Statistical analysis

We performed the meta-analysis using STATA 12.0 (STATA Corp 
LP, College Station, TX). The most fully adjusted risk estimates 
were applied to summarize the prognostic value of fibrinogen 
level for the highest versus the lowest category. Statistical het-
erogeneity of between studies was evaluated using the Cochrane 
Q test (P < .10 suggesting significance) and I2 statistic (I2 ≥ 50% 
suggesting significance). When there was significant hetero-
geneity, we selected a random effect model for meta-analysis; 
otherwise, a fixed-effect model was used. A sensitivity analysis 
was conducted by omitting 1 study at each time to recalculate 
the overall risk estimate. Subgroup analyses were conducted 
according to the study design, CAD type, sample sizes, mean/
median age, follow-up duration, whether adjusted smoking in 
originally statistical model, and NOS score. Moreover, Begg 
rank correlation test and Egger regression test were applied to 
check the likelihood of publication bias.

3. Results

3.1. Search results and study characteristics

Our electronic database search yielded a total of 2658 poten-
tially relevant articles. After removing duplicates, 772 articles 
were retained. After scanning the titles and abstracts, 717 arti-
cles were removed due to being obviously irrelevant. Thus, 
55 full-text articles were retrieved for detailed evaluation. 
According to our inclusion and exclusion criteria, 40 articles 
were further excluded for various reasons (Fig. 1). Finally, 15 
articles (13 studies)[7–12,14–22] were included in the meta-analysis.

The main characteristics of the included studies are summa-
rized in Table 1. These included studies enrolled a total of 20,395 
CAD patients, with sample sizes ranging from 136 to 6140. The 
included articles were published from 2000 to 2021. Six arti-
cles[11,14,16–19] were the retrospective studies and others adopted 
prospective designs. The follow-up duration ranged from 1.4 
to 10 years. The methodological quality of the included studies 
was moderate to high, with the NOS score ranging from 6 to 8.

3.2. Major adverse cardiovascular events

Eleven studies[8–12,14–16,19–21] provided data on association of ele-
vated fibrinogen level with MACEs (Fig. 2). A random effect 
model meta-analysis showed that the pooled RR of MACEs 
was 1.46 (95% CI 1.18–1.81) for the highest versus the low-
est level of fibrinogen. There was significant heterogeneity 
between studies (I2  =  68.2%; P  =  .001). Sensitivity analysis 
confirmed that the pooled risk estimate was stable (data not 
shown). Begg test (P = .350) and Egger test (P = .997) revealed 
no evidence of publication bias. Results of subgroup analysis 
are shown in Table 2.

3.3. Cardiovascular and all-cause mortality

Five studies[7,9,14,15,18] provided data on association of elevated 
fibrinogen level with cardiovascular mortality (Fig.  3A). A 
fixed-effect model meta-analysis showed that the pooled RR 
of cardiovascular mortality was 2.24 (95% CI 1.69–2.98) for 
the highest versus the lowest level of fibrinogen. There was 
no significant heterogeneity across the studies (I2  =  5.2%; 
P  =  .377). Five studies[9,11,17,18,22] provided data on associ-
ation of elevated fibrinogen level with all-cause mortality 
(Fig.  3B). The pooled RR of all-cause mortality was 1.88 
(95% CI 1.50–2.36) for the highest versus the lowest level 
of fibrinogen in a fixed-effect model, without significant het-
erogeneity across the studies (I2 = 0%; P = .662). Sensitivity 
analyses showed only slight changes in the original pooling 
risk estimate of cardiovascular and all-cause mortality (data 
not shown).Au
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4. Discussion
The current meta-analysis suggests that elevated fibrinogen 
level at baseline is significantly associated with an increased 
risk of cardiovascular and all-cause mortality in patients with 
CAD. Comparing with the highest and the lowest fibrinogen 
level, CAD patients with the highest fibrinogen level conferred 
approximately 1.24-fold and 88% higher risk of cardiovascu-
lar and all-cause mortality, respectively. Regarding the MACEs, 
CAD patients with the highest fibrinogen level exhibited 
approximately a 46% higher risk of MACEs. However, elevated 
fibrinogen level appeared to be not associated with an increased 
risk of MACEs in patients with mean/median age <60 years, fol-
low-up duration ≥4 years, and acute coronary syndromes (ACS) 
subtype subgroups.

A previous well-designed individual patient-level meta-analy-
sis[5] demonstrated that elevated fibrinogen level was associated 

with the age-specific incidence rates of CAD and all-cause mor-
tality among individuals without cardiovascular disease at base-
line. By contrast, our meta-analysis focused on the prognostic 
utility of fibrinogen level in CAD patients. Our study further 
confirmed the prognostic significance of fibrinogen level in 
predicting cardiovascular and all-cause mortality in patients 
with CAD. Moreover, the prognostic value of elevated fibrin-
ogen level in predicting cardiovascular and all-cause mortal-
ity was also supported in the studies that analyzed fibrinogen 
level by continuous analysis. In 13,195 patients with angiog-
raphy-proved CAD, each 50 mg/dL increase in fibrinogen level, 
the adjusted risk for all-cause and cardiac mortality was 7% 
and 5%, respectively.[23]

Patients with CAD constitute a very heterogeneous popula-
tion. Subtypes of CAD may affect the association of fibrinogen 
level with clinical prognosis.[17] Our subgroup analysis showed 

Figure 2.  Forest plots showing pooled RR with 95% CI of major adverse cardiovascular events for the highest versus the lowest category of fibrinogen level. 
CI = confidence intervals, RR = risk ratio.

Table 2

Subgroup analyses on cardiovascular events.

Subgroup Number of studies Pooled risk ratios 95% confidence intervals Heterogeneity between studies 

Study design
 � Prospective 7 1.23 1.07–1.41 P = .534; I2 = 0.0%
 � Retrospective 4 2.00 1.29–3.08 P = .025; I2 = 68.0%
Sample sizes
 � <300 4 1.60 1.00–2.55 P = .041; I2 = 63.7%
 � ≥300 7 1.59 1.23–2.06 P = .049; I2 = 52.5%
Follow-up duration
 � ≥4 yr 3 1.12 0.83–1.52 P = .988; I2 = 0.0%
 � <4 yr 8 1.59 1.23–2.06 P < .001; I2 = 74.7%
CAD type
 � Stable 3 1.66 1.26–2.18 P = .064; I2 = 63.6%
 � ACS 4 1.35 0.91–2.00 P = .081; I2 = 55.4%
NOS score
 � ≥7 9 1.32 1.11–1.58 P = .107; I2 = 39.2%
 � <7 2 2.46 1.10–5.49 P = .181; I2 = 44.1%

ACS = acute coronary syndromes, CAD = coronary artery disease, NOS = Newcastle-Ottawa Scale.
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that the prognostic value of fibrinogen level in predicting MACEs 
was statistically significant in stable CAD patients but not in 
those with ACS. However, whether fibrinogen has a distinct 
effect on the prognosis of the subtypes of ACS should be further 
investigated in future studies. Moreover, there was a close rela-
tionship between an elevated fibrinogen level and increased risk 
of MACEs in the subgroup with follow-up duration <4 years, 
indicating that the prognostic role of fibrinogen weakened with 
the lengthening of the follow-up. In terms of short-term effect, 
Mahmud et al’s study[24] showed that serum fibrinogen ≥280 mg/
dL was independently associated with 6-month MACEs (OR 
2.60; 95% CI 1.33–5.11) after percutaneous coronary interven-
tion. Another study[25] also demonstrated that fibrinogen was an 
important and independent determinant of short-term outcome 
(OR 2.83; 95% CI 1.13–7.10) in patients with unstable angina.

The exact mechanisms underlying the prognostic role of 
fibrinogen in CAD remain uncertain. One possible explanation 
may be that the fibrinogen level is produced and released in 
response to systemic inflammation. Inflammation is an import-
ant determinant of prognosis of CAD patients. On the other 
hand, hyperfibrinogenemia can induce blood viscosity, eryth-
rocyte aggregation, platelet aggregation, and endothelial cell 
injury, which causes impaired microcirculatory flow.[26]

Our meta-analysis holds important implications for clinical 
practice. Elevated fibrinogen level was associated with adverse 
prognosis in patients with CAD. Measurement of blood level of 
fibrinogen has potential to identify those with high-risk CAD 
patients. CAD patients with hyperfibrinogenemia should be 
monitored and receive intensive preventive therapies. However, 
whether CAD patients can benefit from reduction of blood 
fibrinogen level should be further investigated in future well-de-
signed randomized controlled trials.

The current meta-analysis should be interpreted in the con-
text of some potential limitations. First, this is not an individ-
ual-level meta-analysis and patients’ characteristics may have 
potential to affect the pooling results. Second, cutoff values of 
elevated fibrinogen level were different across studies and we 

failed to establish the optimal threshold of elevated fibrinogen 
level because this is a study-level meta-analysis. Third, signifi-
cant heterogeneity existed in pooling MACEs. Various defini-
tions of MACEs may contribute to the significant heterogeneity. 
Nevertheless, there were differences in cutoff value of elevated 
fibrinogen level, length of follow-up, and subtypes of CAD. 
Fourth, there is still a possibility of residual confounding in 
the statistical model and lack of adjustment for some potential 
confounding may have led to overestimate the risk estimate. 
Finally, we failed to evaluate the prognostic value of fibrinogen 
level in the subset of ACS due to lack of sufficient data.

5. Conclusion
Elevated fibrinogen level is significantly associated with an 
increased risk of cardiovascular and all-cause mortality in 
patients with CAD. Baseline fibrinogen level can serve as a 
promising biomarker for risk stratification of CAD. However, 
more prospective studies are necessary to evaluate whether 
the prognostic role of fibrinogen level is different in subtypes 
of CAD.
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