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Background. Cardiovascular diseases (CDs), notably coronary artery disease (CAD) due to atherosclerosis, impose substantial
global health and economic burdens. Fatty acid-binding proteins (FABPs), including FABP-4, have been recently linked to
CDs. This study conducted a systematic review and meta-analysis to examine FABP-4 levels in CAD and atherosclerosis
patients, exploring their potential links to these conditions. Methods. A systematic review and meta-analysis were done based
on the PRISMA guideline. The international databases including Medline, Embase, Cochrane Library, Scopus, Web of Science,
and UpToDate were searched to find all related studies on the effect of FABP-4 on patients with CAD or atherosclerosis which
were published till June 2022 without language restriction. The Cochran’s Q-test and I2 statistic were applied to assess
heterogeneity, a random effect model was used to estimate the pooled standardized mean difference (SMD), a metaregression
method was utilized to investigate the factors affecting heterogeneity between studies, and Egger’s test was used to assess the
publication bias. Results. Of 1051 studies, 9 studies with a sample size of 2327 were included in the systematic review and
meta-analysis. The level of circulating FABP-4 in the patient groups was significantly higher than in the control groups
(SMD = 0 60 (95% CI: 0.30 to 0.91, I2: 91.47%)). The SMD in female and male patients were 0.26 (95% CI: 0.01 to 0.52, I2:
0%) and 0.22 (95% CI: 0.08 to 0.35, I2: 44.7%), respectively. There was considerable heterogeneity between the studies. The
countries had a positive relationship with heterogeneity (coefficient = 0 29, p < 0 001); but BMI, lipid indices, gender, study
design, and type of kit had no effect on the heterogeneity. No publication bias was observed (p: 0.137). Conclusion. In
summary, this meta-analysis revealed elevated circulating FABP-4 levels in CDs, suggesting its potential as a biomarker for
these conditions. Further research is warranted to explore its clinical relevance.

1. Introduction

Cardiovascular diseases (CDs), notably coronary artery dis-
ease (CAD), impose significant clinical and economic bur-
dens. CAD, primarily driven by atherosclerosis, stands out
among the major CDs due to its substantial impact. This
multifaceted disease is influenced by various physiological

mechanisms. Atherosclerosis, characterized by cholesterol-
laden plaque buildup in coronary arteries, is a central player.
Endothelial dysfunction, inflammation, and oxidative stress
contribute to plaque formation and instability. Elevated
LDL cholesterol levels promote plaque development, while
thrombosis can result from plaque rupture, leading to blood
clot formation and artery blockage. Additional risk factors
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include hypertension, diabetes, genetic predisposition, and
unhealthy lifestyle choices like smoking and poor diet [1, 2].

Obesity is a well-established risk factor for CAD [3].
Adipose tissue, functioning as an endocrine gland, releases
adipokines [4]. These adipokines play crucial roles in lipid
and glucose metabolism, as well as insulin sensitivity [5].
Past studies have shown that adipokines increase the risk
of metabolic syndrome and CDs [5, 6]. One group of adipo-
kines secreted from adipose tissue is the fatty acid-binding
proteins (FABPs), which are a family of nine low molecular
weight proteins (14 kDa-15 kDa) with tissue-dependent
expression patterns. FABPs act as cytoplasmic lipid chaper-
ones and function in the cellular transport of fatty acids [7].

Adipose fatty acid-binding protein (A-FABP) binds
intracellularly to proteins [5] and regulates lipid metabolism
and inflammation [7]. In addition to being expressed in
mature adipocytes, this protein, also known by other names
such as FABP-4 or aP2, is also expressed in macrophages [8]
and generally constitutes about 6% of soluble proteins in
adipose tissue [9].

A direct relationship has been shown between FABP-4,
diabetes, and atherosclerosis in mice [9]. Some studies have
shown that FABP-4 can predict the development of meta-
bolic syndrome (MetS) [10] and type 2 diabetes mellitus
[11, 12]. Other studies have shown that in mice with apolipo-
protein E deficiency, FABP-4 gene deficiency protects these
mice from atherosclerosis [9]; therefore, FABP-4 inhibition
effectively treats atherosclerosis in a mouse model [13]. Fur-
ther, a study in China has shown that there is an independent
relationship between FABP-4 serum levels and carotid ath-
erosclerosis in women [13]. It has also been shown that high
FABP-4 serum levels can be related to the prediction and
diagnosis of obesity-related metabolic syndrome [7]. In con-
firmation of the above studies, Furuhashi et al.’s study
showed that a small molecule inhibitor of FABP-4 is an effec-
tive treatment option for severe atherosclerosis and type 2
diabetes in a mouse model [13]. On the other hand, Jin
et al.’s study showed a significant relationship between the
FABP-4 level and CAD only in women, while in this study,
this relationship was insignificant for men with CAD [9].

In general, in recent years, several studies on the rela-
tionship between FABP-4, atherosclerosis, and CAD, though
the results were not consistent, have been conducted. As the
population of these studies was not large enough, their
results cannot be generalized. Therefore, to better evaluate
the relationship between circulating FABP-4 levels and
CDs, more studies are needed. This study is aimed at inves-
tigating the relationship between circulating FABP-4 and
CDs using a systematic review and meta-analysis. To the
best knowledge of the researchers, this study is the first
one that probes the relationship between circulating FABP-
4 and patients with CDs. Provided that a significant relation-
ship between FABP-4 levels and CDs is proven, the results of
this study can be used to help diagnose and prevent CDs.

2. Materials and Methods

2.1. General Information. All the study procedures were
reported based on the Preferred Reporting Items for System-

atic Reviews and Meta-Analysis (PRISMA) guidelines [14]
with CRD42022306267 registration number in PROSPERO.

2.2. Search Strategy. We conducted a comprehensive system-
atic literature review of online databases, including Medline,
Embase, Cochrane Library, Scopus, Web of Science, and
UpToDate. All analytical-observational studies such as case-
control, cross-sectional, and cohort studies were included
without any restrictions on the language of the articles. The
search for data was done until June 2022. Studies assessed
FABP-4 levels in both the case (patients with atherosclerosis
or coronary artery disease) and control (noncardiovascular
patients) groups which were selected for follow-up analyses.
The search was conducted using strings including “coronary
artery disease”, “coronary Arteriosclerosis”, “coronary Ath-
erosclerosis”, “atherosclerosis”, “FABP-4 Protein, human”,
“Adipocyte lipid-binding protein, human”, “fatty acid Bind-
ing Protein 4, Human”, “serum”, and “plasma”. The PICO
in this study is as follows:

Population: patients with atherosclerosis or coronary
artery disease

Intervention/exposure: circulating level of FABP-4
(human) in cardiovascular patients

Comparison: circulating level of FABP-4 (human) in
noncardiovascular patients

Outcome: cardiovascular disease
Table 1 summarizes the process of the search strategy.

The search was initiated in Medline (PubMed interface)
and then was done in other databases. Google Scholar was
used to access grey literature [15]. A biochemist expert was
consulted for access to special and important articles.

2.3. Inclusion and Exclusion Criteria. All the case-control,
cross-sectional, and cohort studies that examined the level
of circulating FABP-4 in the patient group (patients with
atherosclerosis or coronary artery disease) compared with
the control (noncardiovascular patients) group were
included in this study. Once the relevant studies were
obtained, they were checked for duplicates using EndNote
X6. Then, two rounds of screening were conducted. First,
the titles and abstracts of the studies were checked. Second,
the full texts of the articles were reviewed. The two steps
were independently carried out by two authors of the study
(N.J and M.SH), and any disagreement was resolved through
consulting a third author (S.B). It should be mentioned that
the kappa coefficient between the two rates was 93%. Blind-
ing and task separation were done in the study selection
procedure.

2.4. Data Extraction. Besides the name of the authors, coun-
try, date of publication, design of the study, sample size, gen-
der, age, and kit type, other information such as mean;
standard deviation (SD) of the circulating level of FABP-4
in the cardiovascular and noncardiovascular groups; lipid
profile including low-density lipoprotein (LDL), high-
density lipoprotein (HDL), total cholesterol (TC), and tri-
glycerides (TG); and body mass index (BMI) in both groups
was extracted.
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2.5. Subgroup Definition. We run subgroup analyses based on
gender, design of studies, country, and kit type for assessing
the circulating level of FABP-4 in the case and control groups.

2.6. Risk of Bias. The Newcastle-Ottawa Scale was applied to
evaluate the quality of selected studies [16, 17]. Two authors
reviewed the articles separately, and then, the total score of
each article was calculated.

2.7. Statistical Analyses. We performed the analyses using
Stata software 11 (College Station, Texas). For each study,
the mean value and SD of the circulating level of FABP-4
in cardiovascular and noncardiovascular were extracted,
and when the IQR was reported, we changed it to SD with
IQR/1.35 [18]. It should be noted that if FABP-4 had differ-
ent measurement units in primary studies, all units are con-
verted to Ng/ml. Then, the standardized mean difference
(SMD) of the circulating level of FABP-4 in cardiovascular
and noncardiovascular for each study was calculated based
on Cohen’s d formula as follows:

Cohen′s SMD = M1 −M2
SDpooled

,

SDpooled =
n1 − 1 SD2

1 + n2 − 1 SD2
2

n1 + n2 − 2 ,
1

where M1 is the mean values of groups with CDs, n1 is the
sample size of groups with CDs, SD1 is the SD of groups with
CDs,M2 is the mean values of groups without CDs, n2 is the
sample size of groups without CDs, and SD2 is the SD of
groups without CDs. Then, the calculation of pooled SMD
was done by the “Metan” command [19]. Positive or negative
SMD means a higher or lower value of FABP-4 in the CD
groups compared to the control group. Cochran’s Q-test of
heterogeneity was applied to determine the heterogeneity,
and the I2 index was used as an indicator to quantify hetero-
geneity. In accordance with Higgins’ classification approach,
I2 values above 0.7 were considered high heterogeneity. To
estimate the pooled SMD for FABP-4 and subgroup analyses
(based on gender, kit type, country, and study design), the
fixed-effect model was used, and when the heterogeneity
was greater than 0.7, the random effect model was used.
The metaregression analysis for examining the effect of kit
type, study design, country, quality score, BMI, gender, and
lipid profile (HDL, LDL, TC, and TG) as factors affecting het-
erogeneity among studies was run. The check for publication
bias was conducted using the “Metabias” command, and in
any case of possible bias, the pooled SMD was adjusted with
the “Metatrim” command using the trim-and-fill method. In
all analyses, the significance level was set at <0.05.

3. Results

A total of 1051 studies were retrieved from all databases and
sources. After screening the studies for duplicates, 541 stud-
ies were eliminated, and 510 studies were remained. After
applying the eligibility criteria, 415 studies were excluded
by title and abstract, and 95 studies were remained. In the
next step, 86 studies were excluded by full-text screening,
and finally, 9 studies with a 2327 total sample size (1332 in
the case group and 995 in the control group) were included
in the systematic review and meta-analysis [5, 7, 9, 11,
20–24]. Five studies evaluated CAD, and 4 studies evaluated
atherosclerosis. The characteristic of the included studies is
shown in Table 2, and the selection process is shown in
Figure 1. Japan and China had the highest numbers of stud-
ies (Japan = 3, China = 3). All nine studies were published
between 2009 and 2020. Rhee et al. [7] (mean age = 60 7 ±
10 years old) and Kajiya et al.’s [5] (mean age = 69 ± 11 years
old) studies had the lowest and highest age mean, respec-
tively. Four studies were case-control, and five studies had a
cross-sectional design. The results of the quality assessment
are shown in supplement Tables 1 and 2.

3.1. Mean Difference Pooled Estimate of FABP-4. Figure 2
shows a forest plot of the standardized mean difference of
circulating FABP-4 between patients with CDs and without
CDs. Bao et al. [11] reported the minimum standardized
mean difference of FABP-4 (0.05; 95% CI: -0.19 to 0.28) in
China, and Holm et al. [21] showed the highest SMD of
FABP-4 in Norway (1.65; 95% CI: 1.07 to 2.24). Based on
Figure 2, the pooled estimate of the SMD was 0.60 (95%
CI: 0.30 to 0.91, I2: 91.47%). Therefore, compared to healthy
individuals, the mean of FABP-4 was significantly higher in
individuals with CD.

Table 1: Search strategy for Medline (MeSH (Medical Subject
Headings)).

(1) Coronary Artery Disease [Text Word] OR Coronary Artery
Disease [MeSH Terms]

(2) Cardiovascular Disease [Text Word] OR Cardiovascular
Disease [MeSH Terms]

(3) Atherosclerosis [Text Word] OR Atherosclerosis
[MeSH Terms]

(4) 1 OR 2 OR 3

(5) FABP-4 Protein, human [Text Word] OR FABP-4 Protein,
human [MeSH Terms]

(6) Adipocyte lipid binding protein, human [Text Word] OR
Adipocyte lipid binding protein, human [MeSH Terms]

(7) fatty acid-binding protein aP2, human [Text Word]
OR fatty acid-binding protein aP2, human [MeSH Terms]

(8) 5 OR 6 OR 7

(9) Observational Studies [Text Word] OR Observational
Studies [MeSH Terms]

(10) Cross-sectional Studies [Text Word] OR Cross-sectional
Studies [MeSH Terms]

(11) Case-Control Studies [Text Word] OR Case-Control
Studies [MeSH Terms]

(12) Cohort Studies [Text Word] OR Cohort Studies
[MeSH Terms]

(13) 9 OR 10 OR 11 OR 12

(14) Serum [Text Word] OR Serum [MeSH Terms]

(15) Plasma [Text Word] OR Plasma [MeSH Terms]

(16) Blood [Text Word] OR Blood [MeSH Terms]

(17) 14 OR 15 OR 16

(18) 4 AND 8 AND 13 AND 17
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3.2. Pooled Standardized Mean Difference Based on Different
Subgroups. Figure 3 shows the results of the pooled SMD for
the four subgroups. As shown, pooled SMD in the sandwich
ELISA group was 0.70 (95% CI: 0.38 to 1.03, I2: 90.2%) and
0.25 for the solid phase sandwich ELISA group (95% CI: 0.08
to 0.43, I2: 0%). Also, based on the study design, the pooled

SMD in the cross-sectional study was 0.52 (95% CI: 0.15 to
0.90, I2: 90.6%) and in the case-control studies was 0.77
(95% CI: 0.55 to 0.95, I2: 45.1%). Furthermore, the pooled
SMD in females was 0.26 (95% CI: 0.01 to 0.52, I2: 0%) and
in males was 0.22 (95%CI: 0.08 to 0.35, I2: 44.7%). The pooled
SMD for a different country is summarized in Figure 3.

Records identifed through database
searching (n = 1010):

PubMed (n = 271); Scopus (n = 432);
Web of Sciences (201); Embase (n =106)

Additional records identifed through
other sources (n= 41)
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Records screened (n = 510)

Full-text articles assessed for
eligibility (n = 95)

Records excluded
by title (n = 301)

by abstract (n = 114)

Full-text articles excluded
by reasons (n = 86):

Review (n = 6)
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Figure 1: PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and other sources.
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Figure 2: Forest plot for the pooled standardized mean difference of FABP-4 based on a random effect model. Each study identifies the first
author (year). Each line segment’s midpoint shows the standardized mean difference, the length of the line segment indicates 95% CI in each
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3.3. Heterogeneity and Metaregression. There was significant
heterogeneity between the studies (p < 0 001). The I2 index
for the total SMD was up to 90% (Figure 2). The result of
metaregression is shown in supplement Table 3.
Metaregression results showed that the country variable
(coefficient: 0.29, p < 0 001) had a significant effect on the
heterogeneity of the studies. It means that, on average, the
SMD of FABP-4 in Taiwan was 0.29 more than that of
China, or in Japan more than that of Taiwan. HDL
(Supplement Figure 1A), LDL (Supplement Figure 1B), and
other variables including kit type, study design, quality
score, gender, BMI, TG, and TC shown in supplement
Table 3 had no effect on the heterogeneity of the studies.

3.4. Publication Bias. Egger’s test revealed no significant
publication bias in the present meta-analysis (Z score: 1.49,
p: 0.137) (Supplement Figure 2).

4. Discussion

FABP-4 is an emerging adipokine that plays an important
role in the development of metabolic syndrome and type 2
diabetes as well as complications resulting from these disor-
ders, including atherosclerosis [13, 24]. The relationship
between this protein and the severity of atherosclerosis has
been confirmed in several studies [5, 7, 13, 22]. In this
research, the number of included studies was suitable for
meta-analysis; moreover, since some studies encompassed
subgroups, the combined effect size was also calculated.
Under the random effect model, by integrating the results
of 9 studies [5, 7, 9, 11, 20–24], the final value of SMD was

equal to 0.60. In other words, the circulating level of
FABP-4 in people with CD is significantly higher than that
of people without CD. These results are consistent with
other studies [5, 7, 13, 21, 22, 25]. Besides, subjects with
the highest number of stenotic vessels showed significantly
higher serum FABP-4 levels compared with those with 1
vessel and those without CAD, suggesting the enlarging
influence of FABP-4 levels as the extent of stenosis prog-
ressed [20].

The effect of gender on FABP-4 level has also been
reported in past studies [9, 13, 22, 23]. Several studies have
stated that the level of FABP-4 in women with CAD is
higher than the level of FABP-4 in men with CAD [9, 13,
22]; however, a study reported that the circulating level of
FABP-4 is only significant in women with CAD [9]. For this
reason, in the present study, the effect of gender on FABP-4
level in patients with CD was investigated using metaregres-
sion analysis. The metaregression results showed that there
is no significant relationship between gender and FABP-4
level. Probably, this gender difference in FABP-4 levels in
the past studies is because of a higher amount of adipose tis-
sue in women which is the main source of plasma FABP-4;
further, sex hormones may also be involved in this difference
[6]. The gender difference in the level of FABP-4 in past
studies is partly linked to women’s higher amount of body
fat. Thus, to achieve more accurate results, the level of
FABP-4 should be measured in proportion to other factors
that are released from adipose tissue. To this end, a study
measured the level of FABP-4 in proportion to adiponectin
(FABP-4/adiponectin ratio). This index is less affected by
age, gender, BMI, and other intervening factors [9]. On the
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Figure 3: Pooled estimate with 95% CI and heterogeneity indices of the standardized mean difference of FABP-4 based on the type of the
kit, country, and study design. The diamond mark illustrates the pooled estimate, and the length of the diamond indicates the 95% CI. N is
the number of the study in each subgroup.
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other hand, the results of this study showed that the
level of heterogeneity among the included studies is high
(I2: 91.47%). One of the possible reasons for these het-
erogeneities can be drug use.

Race is another possible factor that affects this heteroge-
neity. A correlation between FABP-4 level and the develop-
ment of coronary or carotid atherosclerosis and a
correlation between FABP-4 level and overweight have been
reported in Asian populations [7, 9]. Yet, one study showed
that in the Caucasian population, there was no association
between the serum level of FABP-4 and atherosclerosis [9,
26]. This difference can be partially attributed to the differ-
ence in the risk factors of coronary heart disease (CHD) in
different populations [27, 28]. Among these CD risk factors,
diabetes mellitus or insulin resistance is of higher impor-
tance in the Asian population than in the Caucasian popula-
tion [22]. While a study showed that there is no relationship
between circulating FABP-4 levels and insulin and homeo-
stasis model assessment indices (HOMA-IR) in the Cauca-
sian population [27], another study showed that there is a
strong correlation between circulating FABP-4 levels and
fasting insulin and homeostasis model assessment indices
(HOMA-IR) in the Asian population [29]. For this reason,
in the present study, we made a subgroup according to the
countries where the initial studies were conducted. Metare-
gression analysis based on countries showed that this factor
affects the heterogeneity of the current study. It seems that
these results are due to the differences in the genetic struc-
ture of different populations and different FABP-4 geno-
types, as well as its different polymorphisms in different
populations.

Also, in the present study, in order to investigate the
effective pathways and reasons for increasing the level of
FABP-4, its relationship with BMI and lipid indices was
measured. Although different results have been reported in
this case in past studies [7, 10, 13, 30, 31], the results of
the analyses showed that there is no significant relationship
between FABP-4, BMI, and lipid indices including TG,
HDL, LDL, and cholesterol. The absence of a clear associa-
tion between circulating FABP-4 levels and BMI and lipid
indices in this study can be attributed to the multifaceted
nature of FABP-4 regulation and its role in CDs. FABP-4
expression is influenced by genetic, hormonal, and inflam-
matory factors, making it less reliant on BMI or lipid profiles
alone. Additionally, the distribution of adipose tissue,
genetic variability, insulin resistance, and inflammation all
contribute to the complex interplay of FABP-4 in CDs.
While FABP-4 may be a significant biomarker, its relation-
ship with these parameters is intricate and not direct, under-
scoring the need for a comprehensive understanding of its
role in disease development [11]. Being on medication and
genetic difference can be attributed to the inconsistent
results driven from past primary studies. Nonetheless, the
results of the present study suggest that FABP-4 is not
related to BMI and lipid indices.

In order to further investigate the factors affecting the
evaluation, we also defined the subgroups of the type of pri-
mary studies and the type of kits, which showed that the type
of studies and the type of kits have no effect on the heteroge-

neity of the studies. Also, the effect of the quality score on
the heterogeneity of studies was investigated, and the results
indicated that it had no effect on heterogeneity.

4.1. Limitation and Strong Points. Some factors effective in
the effect of FABP-4 on CAD that could not be covered in
our study, due to the lack of data, are considered significant
limitations. The heterogeneity between the studies is one
more. Therefore, we applied a random effect model to com-
bine the primary results in this meta-analysis.

It did not account for medication usage, genetic factors,
lifestyle variables, or diabetes-related factors that can influ-
ence FABP-4 levels. Meanwhile, previous studies have
shown that treatment with atorvastatin can reduce the
serum level of FABP-4 in patients with hyperlipidemia
[20]. Additionally, the study primarily focused on FABP-4
without considering other adipokines or their combined
effects. Longitudinal data, disease severity analysis, ethnic/
racial considerations, and intervention studies were also
missing. However, the study had some strong points, as well.
A high number of studies were retrieved in the extensive
search, and finally, 9 studies with a total sample size of
2327 were analyzed, which provides sufficient statistical
power. The use of the complicate statistical model for the
unification of SMD and the use of the trim-and-fill method
for the adjustment of publication bias were the strong points
of the present study. In addition, while the study highlighted
an association between FABP-4 and CDs, future research
should explore these unexamined factors to gain a more
comprehensive understanding of FABP-4’s role in cardio-
vascular health.

5. Conclusion

In conclusion, this meta-analysis examined circulating
FABP-4 levels in CD patients, particularly CAD and athero-
sclerosis. The study, involving 9 studies with 2327 partici-
pants, found significantly higher FABP-4 levels in CD
patients compared to controls, suggesting its potential as a
biomarker. However, substantial study heterogeneity was
noted, influenced by the country of study origin. Other fac-
tors like gender, BMI, lipid indices, study design, and kit
type did not impact heterogeneity. No publication bias was
observed. Further research should explore the clinical impli-
cations of elevated FABP-4 levels in CD, considering genetic
and ethnic factors as well as other adipokines’ role in these
conditions.
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