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Background: The association between fibroblast growth factor 21 (FGF21) and
cardiovascular disease (CVD) risk remains unclear. We conducted this systematic review
and meta-analysis to evaluate the association between FGF21 and CVDs, and relevant
vascular parameters.

Methods: PubMed and Web of Science databases were systematically searched to
identify relevant studies published before March 2021. The FGF21 concentration was
compared between individuals with and without CVDs. The effect of FGF21 on CVD
risk was assessed by using hazard ratio (HR) and odds ratio (OR). The association
between FGF21 and vascular parameters was assessed by Pearson’s r. Study quality
was assessed using Newcastle-Ottawa Scale and Joanna Briggs Institution Checklist.

Results: A total of 29,156 individuals from 30 studies were included. Overall, the serum
FGF21 concentration was significantly higher in CVD patients (p < 0.001), especially for
coronary artery disease (CAD) (p < 0.001) and hypertension (o < 0.001). The pooled
OR (p = 0.009) and HR (p < 0.001) showed that the risk of CVDs increased with
FGF21. The linear association between FGF21 and vascular parameters, including pulse
wave velocity (r = 0.32), carotid intima-media thickness (r = 0.21), ankle-brachial index
(r = 0.33), systolic blood pressure (r = 0.13), and diastolic blood pressure (r = 0.05),
was insignificant. The incidence of overall CVDs (p = 0.03) was significantly higher in
individuals with higher FGF21 levels.

Conclusion: High-level serum FGF21 concentration is closely associated with an

increased risk of CVDs, which may be independent of vascular parameters. A standard
FGF21 classification threshold needs to be established before clinical use for CVD
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risk assessment.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_
record.php?RecordID=241968, identifier: CRD42021241968.

Keywords: fibroblast growth factor 21, coronary heart disease, hypertension, cardiovascular disease, risk factor,
meta-analysis

Frontiers in Cardiovascular Medicine | www.frontiersin.org 1 August 2021 | Volume 8 | Article 705273


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://doi.org/10.3389/fcvm.2021.705273
http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2021.705273&domain=pdf&date_stamp=2021-08-26
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles
https://creativecommons.org/licenses/by/4.0/
mailto:le_zhang@foxmail.com
mailto:ctzhang0425@163.com
https://doi.org/10.3389/fcvm.2021.705273
https://www.frontiersin.org/articles/10.3389/fcvm.2021.705273/full
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=241968
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=241968

Zhang et al.

FGF21 Associates With CVD Risk

INTRODUCTION

Cardiovascular diseases (CVDs) are the leading cause of death
globally and are composed of heart and blood vessel diseases.
According to data from the World Health Organization, CVDs
caused 17.9 million deaths in 2016, representing 31% of all
global deaths (1). Early identification of risk factors to prevent
or treat CVDs is very important for reducing morbidity. Various
biomarkers have been investigated for their roles in the diagnosis
and prognosis of CVDs, including blood lipids, blood glucose,
weight, and age (2).

Fibroblast growth factors (FGFs) are a family of signaling
proteins, in which FGF21 is a metabolic regulating hormone
in energy homeostasis. Due to the lack of a heparin binding
domain, FGF21 can be released in the circulation and function
in an endocrine manner (3, 4). Because of its ability to regulate
carbohydrate and lipid metabolism, FGF21 is considered to have
multiple beneficial effects on major cardiovascular risk factors,
such as hyperlipidemia, obesity, and diabetes (2). In addition,
an increasing number of studies evaluated the potential role
of FGF21 as a CVD biomarker. Among them, some studies
reported a significant association between FGF21 and CVDs,
while others found the association insignificant (5). Therefore,
we conducted this systematic review and meta-analysis to
evaluate the association between FGF21 and CVDs, especially
for those closely related to metabolic abnormalities including
coronary heart disease (CHD) or coronary artery disease (CAD),
atrial fibrillation, cerebral infarction, and hypertension (2).
We also evaluated the relationship of FGF21 with vascular
parameters, including carotid intima-media thickness (cIMT),
pulse wave velocity (PWV), ankle-brachial index (ABI), and
blood pressure (BP).

MATERIALS AND METHODS

This work was executed in accordance with the Preferred
Reporting Items for Systemic Reviews and Meta-analysis
(PRISMA) guidelines (6). It was also registered in the
International Prospective Register of Systematic Reviews
(PROSPERO)  before screening studies for inclusion
(ID: CRD42021241968).

Literature Search

We conducted a systematic literature search by searching
PubMed and Web of Science in March 2021. Studies that
assessed the association between serum FGF21 concentration
and CVDs and relative vascular parameters were identified
through full-text review. The following terms and their
combinations were employed: “fibroblast growth factor 21,
"FGF21, “coronary artery disease,” “coronary heart disease,”
“artery stiffness,” “aortic aneurysm,” “hypertension,” “blood
pressure,” “pulse wave velocity, “atherosclerosis,” “ischemic
heart disease;” “cerebral infarction,” “myocardial infarction,”
“angina,” “atrial fibrillation,” “cardiovascular,” "cardiac,” "cardio-
ankle vascular index,” “carotid intima-media thickness,” “ankle-

brachial index,” and “flow-mediated dilatation.”

Selection Criteria

The inclusion criteria were as follows: (1) studies that assessed
the association between serum FGF21 concentration and CVDs,
including CHD or CAD, atrial fibrillation, cerebral infarction and
hypertension, or relative vascular parameters, including cIMT,
PWYV, ABI, BP, cardio-ankle vascular index, and flow-mediated
dilatation; (2) the results contained at least one set of the
following statistics: (a) mean with standard deviation or median
with quartile of serum FGF21 concentration in patients with or
without CVDs, (b) odds ratios (ORs) or hazard ratios (HRs) with
corresponding 95% confidence intervals (CIs) of serum FGF21
concentration and incidence of CVDs, (c) Pearson correlation
coefficient (Pearson’s r) of serum FGF21 concentration and
vascular parameters, and (d) incidence of CVDs in individuals
with different serum FGF21 levels; and (3) adult clinical studies
that were published in English.

The exclusion criteria were as follows: (1) studies that were
reviews, letters, meeting abstracts, case reports, commentary,
or editorials; (2) studies that only reported on rheumatic heart
disease, cardiomyopathy, or microvascular disease, and not
CHD, atrial fibrillation, cerebral infarction, or hypertension;
(3) duplicate studies with overlapping data; (4) studies that
reported invalid data that could not be pooled; and (5) studies
on pregnant women.

According to the selection criteria, the initial screening of
studies was based on titles and abstracts. Then, the full texts of the
potential studies were assessed. An additional manual search of
references from identified studies was also performed. All studies
were independently screened by two reviewers (YZ and JY). A
third researcher (NY) was consulted to resolve disagreements.

Data Extraction and Quality Assessment
Two reviewers independently extracted data from the included
studies. Basic information and patient baseline characteristics
of all studies were extracted. To assess the association between
serum FGF21, CVDs, and vascular parameters, the following
data were extracted: (1) mean with standard deviation or median
with quartile of serum FGF21 concentration; (2) ORs or HRs
with corresponding 95% Cls; (3) Pearson’s r; and (4) incidence
of CVDs.

Quality assessment was independently performed by two
reviewers (ZQ and HN). Discrepancies were resolved by
discussion with a third reviewer (ZY). The quality of cohort
studies and case-control studies was assessed by using the
Newcastle-Ottawa Quality Assessment Scale (NOS) (7). Studies
scoring > 5 were considered to be high-quality. The quality
of cross-sectional studies was assessed by using the Joanna
Briggs Institution (JBI) Checklist for Analytical Cross-Sectional
Study (joannabriggs.org/research/critical?appraisal-tools.html).
Publication bias was assessed by funnel plots if the number of
included cohorts was >10. Publication bias was considered to be
significant if the funnel plot was asymmetric.

Data Analysis

The mate analysis was performed by using RevMan 5.3
(the Nordic Cochrane Center, Copenhagen, Denmark). To
achieve conservative results, a random-effects model was
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employed for pooled analysis. Heterogeneity was tested by
using the Chi-squared test and I statistic. p < 0.05 or I
> 50% indicated that the heterogeneity was significant. The
overall effects were determined by the Z-test, and p < 0.05
was considered statistically significant. Subgroup analysis was
conducted according to specific CVDs or disease outcomes.

Due to the differences in the number of FGF21 levels among
studies, we chose to extract the CVD incidence from the
individuals with the highest or lowest FGF21 level in each study.

Medians with quartiles were transformed into means with
standard deviations for pooled estimates by using the webpage
tool in the BOX-COX manner developed by McGrath et al. (8).

Pearson’s r was transformed into Fisher’s Z-value for pooled
estimates. The resulting value was then weighted with the inverse
of the variance of the correlation coefficients. The 95% CI of the
pooled weighted Fisher’s Z coeflicients was also calculated, after
which all of the values were back-transformed into r using the

following formula (9). The linear association was considered to
be very high, high, moderate, low, and irrelevant when summary
|r| was larger than 0.8, between 0.6 and 0.8, between 0.4 and 0.6,
between 0.2 and 0.4, and smaller than 0.2, respectively.

FishersZ = 0.5 Xlnl—i_r
1—r
1
V2 = n—3
Se = ¥
e — 1
Summary r = 1

RESULTS

After removing duplicate articles, 870 articles were identified
in the initial database search. After screening titles and

Records identified from
PubMed (n=465)

Records identified from
Web of Science (n=790)

A 4

Records after duplicates removed

(n=870)
Records screened J Records screened
(n=870) (n=870)

] [ Screening ] [Identification ]

Full-text articles excluded
(n=69)
* Studies on pregnant

women or children (n=4)
» ¢ Studies on other kinds of
cardiovascular diseases

(e.g. atrial fibrillation ) (n=8)
* invalid data or other
reasons (n=57)

Full-text articles assessed for
g eligibility (n=99)
2
2
i
- Studies included in
% quantitative synthesis
% (meta-analysis)
£ (n=30)

FIGURE 1 | Preferred reporting items for systemic reviews and meta-analysis flow diagram of literature screening.
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TABLE 1 | Baseline characteristics of studies reported serum FGF21 concentration in patients with or without CVDs.

References Region Study Disease CVDs group (n)  Control group (n) Male (%) Age (years)* FGF21 concentration (pg/ml)*
design
CVDs Control CVDs Control CVDs Control
Wu et al. (10) China Cross- Stable CAD 116 45 72.4 711 63.4 +£9.0 61.2+87
section
Wu et al. China Cross- Developed 36 608 55.6 38.8 71.6+£14.1 57.6+13.5 479.5 (302.4-627.0)  325.2 (189.0-498.9)
(11" section IHD
Atherosclerosis 186 185 61.8 51.4 58.6+8.4 54.449.0 266.7 (135.5-415.2) 198.4 (99.9-373.6)
Basurto et al. Mexico Cross- Subclinical 75 65 0 0 53.0 (49.0-61.0)*  50.0 (46.0-53.0) 127.0 (46.9-200.0) 185.2 (95.0-260.4)
(13)#* section atherosclerosis
Chen et al. China Prospective AMI 183 55 84.7 60.0 63.6 £ 10.9 66.9 £ 9.5 143.8 (75.2-254.3) 121.0 (67.1-179.6)
(14)#* cohort
Cheng et al. China Cross- stable angina 66 55 54.6 38.2 60.7 £ 9.5 59.4 +9.2
(15)* section pectoris
Trakarnvanich Thailand  Cross- Cardiovascular 12 78 64.4 47.2 £11.8
etal. (16)™ section events
Leeetal. (17) China Prospective Incident 147 3,381 66.7 511 65.6 £ 12.1 60.6 +£12.8 222.7 (92.8-438.4) 151.1 (75.6-274.6)
cohort CHD
Zhang et al. China Cross- AMI 55 45 81.0 56.3 64 + 11 63 + 10 25 (16-34) 14 (11-20)
(18)"* section
Kim et al. Korea Cross- CAD without 30 30 70.0 76.7 60.5+11.0 58.5 +10.4 277.1 (155.6-476.6) 141.7 (73.9-180.9)
(19)#* section diabetes
CAD with 30 30 20.0 30.0 61.7+11.0 63.1 £10.4 278.5(190.5-875.1)  224.5 (146.8-337.4)
diabetes
Semba et al. USA Case-control Hypertension 235 509 54.5 47.7 - - 269 (161-457) 208 (117-335)
(22)##
Shen et al. China Cross- CAD without 136 47 721 48.9 68.2 £9.9 64.6 £9.9
(20) ¥ section NAFLD
CAD with 43 27 62.8 58.3 65.5+10.9 61.3+7.7
NAFLD
Chow et al. China Cross- Hypertension 363 307 45.2 39.4 582 +129 283.0 (175.8-455.3)  197.3 (126.2-330.3)
(12)" section
Lee et al. (21) Korea Retrospective ~ CAD 60 129 57.1 503+ 7.6 62.1 +£9.8
cohort
Lin et al. (23) USA Cross- CHD 135 61 49.6 50.8 69 +£5.8 68.6 +£10.8
section

FGF21, fibroblast growth factor 21, CVD, cardiovascular disease; CAD, coronary artery disease; IHD, ischemic heart disease; AMI, acute myocardial infarction; CHD, coronary heart disease; NAFLD, non-alcoholic fatty liver disease.
#Mean =+ standard deviation.
“Median (interquartile range).
#* Original data was median with quartile.

“Data was transformed by the logarithm of 10.

‘e 18 Bueyyz

MSIH AAD UM S8IBI00SSY | 2494


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Zhang et al.

FGF21 Associates With CVD Risk

TABLE 2 | Baseline characteristics of studies reported serum FGF21 concentration on the risk of CVDs.

References Region Study Disease Outcome Cases (n) Male (%) Age (years)* Median follow-up (range)
design
Wu et al. (11) China Prospective Total ASCVD HR 705 38.8 57.6 £13.5 74 months
cohort
Subclinical OR 371 56.6 56.5 +8.9 -
atherosclerosis
Ong et al. (24) Australia Prospective Total CVD, hard HR 5,767 47.9 62.6 +10.2 14 years
cohort CVD
Ong et al. (26) Australia Prospective MCVE HR 1,992 80.1 61.3+8.9 4.9 years
cohort
Yafei et al. (25) Egypt Cross- Subclinical OR 120 36.7 511177 -
section atherosclerosis
Chen et al. (14) China Prospective MACE HR 238 79.0 64.4 +10.7 24 months
cohort
Wu et al. (27) China Prospective MACE HR 88 66.9 68.6 +12.9 2.3 £+ 1.3 years (mean + SD)
cohort
Shen et al. (28) China Prospective MACE HR 169 65.5 - 57 months
cohort
Shen et al. (29) China Prospective Cardiac death HR 218 65.6 66.3 + 10.1 5.0 years
cohort
Leeetal (17) China Prospective Incident CHD HR 3,628 51.8 60.8 +12.8 3.8 (2.8-5.0) years
cohort
Lietal. (30) China Prospective Cardiac death HR 1,668 65.5 4.9 years
cohort
Zhang et al. China Cross- AMI OR 100 78.0 - -
(18) section
Xiao et al. (31) China Cross- Male subclinical OR 107 100 52.6+9.7 -
section atherosclerosis
Female OR 106 0 55.6 £6.9
subclinical
atherosclerosis
Shen et al. (20) China Cross- CAD OR 253 64.8 66.3 + 10.1 -
section
Lenart- Poland Prospective CVD HR 87 51.7 61 (67-66)" 24 months
Lipinska et al. cohort
(32) CVD mobidity HR

FGF21, fibroblast growth factor 21; ASCVD, atherosclerotic cardiovascular disease; CVD, cardiovascular disease; MCVE, major cardiovascular event; MACE, major adverse
cardiovascular event; CHD, coronary heart disease; AMI, acute myocardial infraction; CAD, coronary artery disease.

#Mean + standard deviation.
“Mediian (interquartile range).

abstracts, 99 articles remained for further full-text evaluation.
Finally, 30 articles with 29,156 individuals were included
in the meta-analysis (10-39). The flow diagram of study
screening is shown in Figure 1. Tables 1-4 summarize the
basic information and patient baseline characteristics of these
studies. Supplementary Table 1 summarizes the patient selection
criteria of these studies. Among these studies, 14 reported
serum FGF21 concentration in patients with or without
CVDs (10-23), 14 reported ORs or HRs of serum FGF21
concentration and incidence of CVDs (11, 14, 17, 18, 20, 24-
32), 8 reported Pearson’s r of serum FGF21 concentration and
vascular parameters (12, 15, 16, 25, 30, 33-35), and 6 reported
incidence of CVDs in individuals with different serum FGF21
levels (27, 30, 36-39).

According to NOS, all cohort studies and case—control studies
were considered to be high quality (Supplementary Tables 2, 3).

According to the JBI checklist, all cross-sectional studies were
also considered to be high quality (Supplementary Table 4).

Differences in Serum FGF21 Concentration
in Individuals With or Without CVDs

The median serum FGF21 concentration in patients with or
without CVDs is shown in Table 1. Three studies also provided
serum FGF21 concentration of each patient in scatter plots (10,
14, 23) (Supplementary Figure 1). Among 14 studies, 9 studies
reported that serum FGF21 concentration was significantly
higher in patients with CVDs, including CAD and hypertension
(11, 12, 14, 15, 17-19, 22, 23). However, one study reported that
serum FGF21 concentration was significantly lower in patients
with subclinical atherosclerosis (13). Overall, the serum FGF21
concentration was significantly higher in CVD patients than in
those without CVDs [standard mean difference (SMD) = 0.58,
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TABLE 3 | Baseline characteristics of studies reported linear association of serum FGF21 concentration and vascular parameters.

References Region Study design Vascular parameters Male (%) Age (years)* Cases (n)
Lee et al. (33) Singapore Cross-section PWV 53.8 422 +15.8 78
Yamamoto et al. (35) Japan Cross-section SBP, DBP 21 76.2 + 8.0 73
Sunaga et al. (34) Japan Cross-section SBP, DBP 79.6 705 +9.7 93
Yafei et al. (25) Egypt Cross-section PWV, cIMT, ABI, SBP, DBP 36.7 511 +7.7 120
Cheng et al. (15) China Cross-section SBP, DBP 55.3 60.1 +8.9 197
Trakarnvanich et al. Thailand Cross-section cIMT 64.4 472 +11.8 90
(16)

Li et al. (30) China Prospective cohort SBP, DBP 65.5 635+ 1.2 1,668
Chow et al. (12) China Cross-section clMT 42.5 58.2 4+ 12.9 670

FGF21, fibroblast growth factor 21; PWV, pulse wave velocity; SBR, systolic blood pressure; DBF, diastolic blood pressure; cIMT, carotid intima-media thickness; ABI, ankle-brachial index.

#Mean =+ standard deviation.

TABLE 4 | Baseline characteristics of studies reported incidence of CVDs in individuals with different FGF21 levels.

References Region Study Disease Male (%) Age (year)* FGF21 level (pg/mL)
design classification and case (n)
Gan et al. (36) China Prospective Hypertension, 62.9 54.2+13.7 <103.8 (283), 108.6-184.9
cohort CHD (ACS (283), 199.3-271.2 (283),
and stent >276.1 (283)
implantation)
Wu et al. (27) Australia Prospective Ml 66.9 68.6 £ 12.9 <113.7 (177), 113.7-227.3
cohort (177), =227.3 (177)
Kohara et al. (37) Japan Cross- Total CVD 58.9 66.1 +12.9 1,029 (704-1,518) (44) 2,989
section (2,184-5,973) (46)
Rusu et al. (38) Romania Prospective Total CVD 57.1 599+ 12.5 <19.75 (17), =34.55 (18)
cohort
Ong et al. (39) Australia Prospective Total CVD 62.7 62.3 +6.9 <239.3 (3,232), 239.3-412.8
cohort (3,233), >412.8 (3,232)

FGF21, fibroblast growth factor 21; CHD, coronary heart disease; ACS, acute coronary syndrome; MI, myocardial infraction; CVD, cardiovascular disease.

#Mean =+ standard deviation.

95% CI: 0.33-0.84, p < 0.001], especially for CAD (SMD =
0.75, 95% CI: 0.42-1.09, p < 0.001) and hypertension (SMD =
0.48, 95% CI: 0.37-0.59, p < 0.001) (Figure 2). The heterogeneity
was significant among studies. Publication bias was assessed
by a funnel plot, which indicated moderate publication bias
(Supplementary Figure 2).

Association Between Serum FGF21

Concentration and Prevalence of CVDs

Five studies reported the ORs of FGF21 concentration and CVDs
by logistic regression (Figure 3A). The pooled results showed
that the risk of CAD (OR = 5.99, 95% CI: 1.13-31.77, p =
0.04) and overall CVDs (OR = 1.68, 95% CI: 1.14-2.48, p =
0.009) increased with FGF21. The heterogeneity was significant
among studies.

Eleven studies reported the HRs of FGF21 concentration and
CVDs (Figure 3B). The pooled results showed that the risk of
hard CVD (HR = 1.43, 95% CI: 1.13-1.82, p = 0.003), total CVD
(HR=1.37,95% CI: 1.20-1.56, p < 0.001), and cardiac death (HR
= 2.65, 95% CI: 1.17-6.01, p = 0.02) increased with FGF21. The
heterogeneity was significant among studies. Publication bias was

assessed by a funnel plot, which indicated high publication bias
(Supplementary Figure 3).

Linear Association Between FGF21 and

Vascular Parameters

No association was observed between FGF21 and systolic BP
(summary r = 0.13, Figure4A) or diastolic BP (summary
r = 0.05 Figure4B). For the linear association between
FGF21 and PWYV, cIMT, and ABI, Fishers Z was 0.32, 0.21,
and —0.33, respectively (Figures4C-E). The corresponding
summary r values were 0.31, 0.24, and —0.31, which indicates a
low association.

Incidence of CVDs in Individuals With

Different FGF21 Levels

The incidences of overall CVDs (OR = 2.10, 95% CI: 1.09-
4.06, p = 0.03) and hypertension (OR = 4.75, 95% CI: 3.55-
6.37, p < 0.001) were significantly higher in individuals with
higher FGF21 levels (Figure 5). However, the difference in CAD
incidence between individuals with different FGF21 levels was
insignificant (p = 0.16).
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CvD Control

1.1.1 Coronary artery disease
Chen 2018 191.39 17531 183 119 57.34 55  6.2%
Cheng 2018 4.85 0.77 66 454 072 55 5.8%
Kim 2015 381.99 369.3 30 13495 39.12 30 4.4%
Kim 2015 760.58 1,505.49 30 268.65 189.06 30 4.6%
Lee 2014 84.2 83.1 60 896 658 129 6.2%
Lee 2017 252.84 258.75 147 167.9 147.58 3381 7.2%
Lin 2010 41434 33819 135 151.45 135.99 61 6.1%
Shen 2013 300.67 178.31 136 248.65 108.78 47  6.0%
Shen 2013 564.26  522.37 43 399.07 259.33 27  4.8%
Wu 2020 460.41  175.28 36 37295 240.78 608 6.0%
Wu 2021 766.62 21136 116 707.8 136.4 45 59%
Zhang 2015 250.58 115.91 55 161.97 80.91 45  54%
Subtotal (95% Cl) 1037 4513 68.6%
Heterogeneity: Tau? = 0.05; Chi? = 28.89, df = 11 (P = 0.002); I* = 62%
Test for overall effect: Z = 5.82 (P < 0.00001)
1.1.2 atherosclerosis
Wu 2020 27524 162.21 186 291.84 316.32 185 7.0%
Subtotal (95% Cl) 186 185 7.0%
Heterogeneity: Not applicable
Test for overall effect: Z = 0.64 (P = 0.53)
1.1.3 Subclinical atherosclerosis
Basurto 2019 125.81 61.84 75 178.89 75.98 65 59%
Subtotal (95% ClI) 75 65 5.9%
Heterogeneity: Not applicable
Test for overall effect: Z = 4.37 (P < 0.0001)
1.1.4 Hypertension
Chow 2013 305.82 208.03 363 219 152.02 307 7.3%
Semba 2013 367.82 348.68 235 246.83 17845 509 7.3%
Subtotal (95% ClI) 598 816 14.5%
Heterogeneity: Tau? = 0.00; Chi2 = 0.04, df = 1 (P = 0.84); I?= 0%
Test for overall effect: Z = 8.59 (P < 0.00001)
1.1.5 CVD events
Trakarnvanich 2017 222 0.4 12 204 053 78  3.9%
Subtotal (95% CI) 12 78 3.9%
Heterogeneity: Not applicable
Test for overall effect: Z = 1.11 (P = 0.27)
Total (95% CI) 1908 5657 100.0%
Heterogeneity: Tau? = 0.10; Chi? = 97.52, df = 16 (P < 0.00001); I = 84%
Test for overall effect: Z =4.11 (P < 0.0001)
Test for subaroup differences: Chi = 63.94. df = 4 (P < 0.00001). I? = 93.7%

value refers to the mean serum FGF21 concentration in each group.

Std. Mean Difference

FIGURE 2 | Forest plot of serum FGF21 concentration in individuals with or without CVDs. FGF21, fibroblast growth factor 21; CVD, cardiovascular disease. Mean
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DISCUSSION

FGF21 is involved in glucose and lipid metabolism. Studies have
reported that FGF21 is increased in patients with non-alcoholic
fatty liver disease, obesity, and diabetes (40). Therefore, FGF21
has been considered as a new biomarker for metabolic syndrome.
For CVDs, metabolic syndrome is a well-known precursor (2),
which suggests a possible link of FGF21 to CVDs. Our meta-
analysis also demonstrated that FGF21 was increased in patients
with CVDs, which may be caused by a compensatory response to
underlying metabolic stress (41). Some studies reported the cutoff
value (ranged from 123.0 to 321.5 pg/ml) of serum FGF21 as a
predictor for CVDs according to Youden index (11, 14, 17, 25,
28, 29) (Supplementary Table 5).

Experimental data from animal studies revealed the
association between FGF21 and CVDs. A study demonstrated

that the administration of exogenous FGF21 significantly
improved lipid metabolic disorders and reduced atherosclerotic
plaque areas in animal models (42). In detail, FGF21 can reduce
cholesterol synthesis by suppressing hepatic sterol regulatory
element-binding protein 2 (43), increase lipoprotein catabolism
in adipose tissue, and reduce hepatic very low-density lipoprotein
export (44). These critical events are major contributors to
FGF21’s ability to enhance lipid profiles, which are partly
mediated by CD36 and lipoprotein lipase. The mechanisms of
atherosclerosis prevention induced by FGF21 may be associated
with suppression of endoplasmic reticulum stress-mediated
apoptosis (45). FGF21 can stimulate adiponectin secretion,
which has a large effect on the inhibition of neointima formation
through inhibition of canonical events, including macrophage
infiltration, and smooth muscle proliferation (43, 45, 46).
These events are generally believed to cause endoplasmic
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Odds Ratio
IV, Random, 95% CI

A Odds Ratio

_Study or Subgroup __log[Odds Ratio] SE_Weight IV, Random, 95% Cl
1.2.1 Subclinical atherosclerosis
Wu 2020 0.2738 0.1231 27.8% 1.31[1.03, 1.67]
Xiao 2015 1.0647 0.5087 10.2% 2.90[1.07, 7.86]
Xiao 2015 0.6831 0.3046 17.9% 1.98 [1.09, 3.60]
Yafei 2019 0.0119 0.0051 31.1% 1.01[1.00, 1.02]
Subtotal (95% CI) 87.0% 1.35[0.98, 1.87]

Heterogeneity: Tau® = 0.07; Chi? = 13.64, df = 3 (P = 0.003); I* = 78%
Test for overall effect: Z = 1.83 (P = 0.07)

1.2.2 Coronary artery disease
Shen 2013 1.0933 0.5507 9.1%
Zhang 2015 2.8291 0.9462 3.8% 16.93[2.65, 108.16]
Subtotal (95% ClI) 13.0% 5.99 [1.13, 31.77]
Heterogeneity: Tau? = 0.91; Chiz = 2.51, df =1 (P = 0.11); 1= 60%

Test for overall effect: Z = 2.10 (P = 0.04)

2.98[1.01, 8.78]

Total (95% CI) 100.0% 1.68 [1.14, 2.48]
Heterogeneity: Tau? = 0.13; Chi? = 26.35, df = 5 (P < 0.0001); I>=81%
Test for overall effect: Z = 2.62 (P = 0.009)
Test for subgroup differences: Chi? = 2.95, df =1 (P = 0.09), 1> = 66.1%
B Hazard Ratio
_Study or Subgroup log[Hazard Ratio]  SE Weight V. Random. 95% Cl
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0.001

Favours [low-FGF21] Favours [high-FGF21]
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1.3.1 Hard cadiovascular disease

Chen 2018 0.4929 0.2119  5.5% 1.64 [1.08, 2.48]
Ong 2019 0.0862 0.0543 11.1% 1.09[0.98, 1.21]
Ong 2019A 0.1655 0.0694 10.6% 1.18[1.03, 1.35]
Shen 2018 0.7505 0.2895  3.7% 2.12[1.20, 3.74]
Wu 2018 1.3244 0.3758 2.5% 3.76 [1.80, 7.85]

Subtotal (95% Cl) 33.4% 1.43[1.13, 1.82]
Heterogeneity: Tau? = 0.04; Chi? = 18.08, df = 4 (P = 0.001); I* = 78%
Test for overall effect: Z = 2.92 (P = 0.003)

1.3.2 Total cadiovascular disease

Lipinska 2013 1.5476 0.5279 1.4% 4.70[1.67, 13.23]

Ong 2015 0.3716 0.0676 10.7% 1.45[1.27, 1.66]
Ong 2019 0.0296 0.0467 11.3% 1.03[0.94, 1.13]
Wu 2020 0.7775 0.3227 3.2% 2.18[1.16, 4.10]

Subtotal (95% CI) 26.6% 1.51 [1.07, 2.13]
Heterogeneity: Tau? = 0.08; Chi? = 28.16, df = 3 (P < 0.00001); I> = 89%
Test for overall effect: Z = 2.34 (P = 0.02)

1.3.3 Hard coronary artery disease
Ong 2019

Subtotal (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z = 1.09 (P = 0.28)

0.077 0.0708 10.5%

10.5%

1.08 [0.94, 1.24]
1.08 [0.94, 1.24]

1.3.4 Total coronary artery disease

Lee 2017 04383 0175 6.6% 1.55[1.10, 2.18]
Ong 2019 0 0.0538 11.1% 1.00 [0.90, 1.11]
Subtotal (95% Cl) 17.7% 1.21[0.79, 1.85]

Heterogeneity: Tau? = 0.08; Chi2 = 5.73, df = 1 (P = 0.02); 1> = 83%
Test for overall effect: Z = 0.86 (P = 0.39)

1.3.5 Cardiac death

Li 2016 09163 0.285 3.8% 2.50[1.43, 4.37]
Lipinska 2013 1.7263 0.6011 1.1% 5.62[1.73, 18.25]
Ong 2015 0.131 0.1807 6.4% 1.14[0.80, 1.62]
Shen 2017 2.3573 1.0354 0.4%  10.56 [1.39, 80.37]

Subtotal (95% CI) 11.8% 2.65[1.17,6.01]
Heterogeneity: Tau? = 0.46; Chi? = 13.66, df = 3 (P = 0.003); I = 78%
Test for overall effect: Z = 2.33 (P = 0.02)

Total (95% CI) 100.0% 1.37 [1.20, 1.56]
Heterogeneity: Tau? = 0.04; Chi? = 75.95, df = 15 (P < 0.00001); I? = 80%

Test for overall effect: Z = 4.68 (P < 0.00001)

Test for subaroup differences: Chi? = 9.57. df = 4 (P = 0.05). I> = 58.2%
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FIGURE 3 | Forest plot of serum FGF21 concentration on the risk of CVDs. (A) Odds ratio; (B) Hazard ratio. FGF21, fibroblast growth factor 21; CVD,
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A Fisher's Z Fisher's Z
Study or Subgroup __ Fisher's Z SE_Weight [V, Random, 95% CI IV, Random, 95% Cl
Cheng 2018 -0.05 0.072 21.7% -0.05 [-0.19, 0.09] — =
Li 2016 0.107 0.025 33.5% 0.11[0.06, 0.16] el
Sunaga 2019 0.175 0.105 14.9% 0.17 [-0.03, 0.38] T =
Yafei 2019 0.207 0.092 17.3% 0.21[0.03, 0.39] - =
Yamamoto 2020 0.343 0.12 12.6% 0.34[0.11, 0.58] -
Total (95% Cl) 100.0% 0.13 [0.03, 0.23] >
Heterogeneity: Tau? = 0.01; Chi2 = 10.22, df = 4 (P = 0.04); I = 61% f ‘ ‘ f
Test for overall effect: Z=2.46 (P = 0.01) =l 0.9 0 .0'5 L
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Heterogeneity: Tau? = 0.00; Chiz = 1.21, df = 1 (P = 0.27); 1= 17% ‘ y f ’
Test for overall effect: Z = 4.01 (P < 0.0001) = -5 0 , 0.5 L
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Chow 2013 0.332 0.051 27.6% 0.33[0.23, 0.43] =
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Yafei 2019 0.487 0.092 23.6% 0.49 [0.31, 0.67] - &
Total (95% CI) 100.0% 0.24 [0.05, 0.43] .
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Test for overall effect: Z = 2.48 (P = 0.01) “l s 0 O3 1
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Study or Subgroup __ Fisher's Z SE Weight 1V, Random, 95% CI 1V, Random, 95% CI
Yafei 2019 -0.326 0.092 100.0% -0.33 [-0.51, -0.15] 4.:6_@
Total (95% Cl) 100.0%  -0.33 [-0.51, -0.15] .
Heterogeneity: Not applicable J ! : |
Test fo? overZII effectF:)F)Z =3.54 (P = 0.0004) =1 B3 0 D3 {
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FIGURE 4 | Forest plot of linear association between FGF21 and vascular parameters. (A) Systolic blood pressure; (B) diastolic blood pressure; (C) pulse wave
velocity; (D) carotid intima-media thickness; (E) ankle-brachial index. FGF21, fibroblast growth factor 21. Linear association between FGF21 and vascular parameters
was assessed by Pearson’s r. Pearson’s r was transformed into Fisher’s Z-value for pooled estimates.

reticulum stress within the vasculature. The antioxidative
function of FGF21 is also involved in the therapeutic effect
in atherosclerotic Wistar rats, including increased levels of
superoxide dismutase, reduced form of glutathione, and

reduced form of malondialdehyde (47). Our previous study also
demonstrated that FGF21 can protect vascular endothelial cells
from H,O;-induced premature cell senescence and intracellular
accumulation of reactive oxygen species through SIRT1 (48).
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high-FGF21 low-FGF21 Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H. Random, 95% CI
1.9.1 Coronary artery disease
Gan 2020 175 283 72 283 17.0% 4.75[3.32, 6.80] —
Wu 2018 11 177 9 177 123% 1.24 [0.50, 3.06] I I ——
Subtotal (95% Cl) 460 460 29.3% 2.59 [0.70, 9.62] et ——
Total events 186 81
Heterogeneity: Tau? = 0.78; Chi? = 7.31, df = 1 (P = 0.007); I> = 86%
Test for overall effect: Z=1.42 (P = 0.15)
1.9.2 Hypertension
Gan 2020 105 283 101 283 17.1% 1.06 [0.75, 1.50] -
Li 2016 272 417 118 417 17.4% 4.75 [3.55, 6.37] e
Subtotal (95% Cl) 700 700 34.5% 2.25[0.52, 9.78] e ———
Total events 377 219
Heterogeneity: Tau? = 1.10; Chi? = 42.38, df = 1 (P < 0.00001); I> = 98%
Test for overall effect: Z = 1.09 (P = 0.28)
1.9.3 Total cardiovascular disease
Kohara 2017 14 46 10 44 12.0% 1.49 [0.58, 3.82] ]
Ong 2015 822 3232 589 3232 18.1% 1.63[1.36, 1.72] e
Rusu 2017 2 18 4 17  6.1% 0.41[0.06, 2.58]
Subtotal (95% CI) 3296 3293 36.2% 1.52 [1.35, 1.71] *
Total events 838 603
Heterogeneity: Tau? = 0.00; Chi? = 1.97, df =2 (P = 0.37); = 0%
Test for overall effect: Z = 6.96 (P < 0.00001)
Total (95% Cl) 4456 4453 100.0% 1.90 [1.09, 3.32] e
Total events 1401 903 . . . . . .
Heterogeneity: Tau? = 0.44; Chi? = 89.48, df = 6 (P < 0.00001); 1> = 93% Y i y Y ! L
i costuns- - a (P =0.02) ( ) Sl 04 W@ A & 3. P
) . Favours [low-FGF21] Favours [high-FGF21]
Test for subgroup differences: Chi? = 0.90, df = 2 (P = 0.64), I = 0%
FIGURE 5 | Forest plot of incidence of cardiovascular disease in individuals with different FGF21 levels. FGF21, fibroblast growth factor 21. Events refer to the
numbers of corresponding disease that were diagnosed in each group.

In addition, Wang et al. also demonstrated the cardioprotective
effects of FGF21 against doxorubicin-induced toxicity through
the SIRT1/LKB1/AMPK pathway (49). These results indicate
that FGF21 is not only a biomarker of CVDs but may also have a
protective effect on the cardiovascular system. Lin et al. reported
that serum FGF21 increased in apoE~/~ mice, and FGF21
deficiency enhanced atherosclerotic deterioration and mortality
(43). Considering the mechanisms of atherosclerosis prevention
induced by FGF21, the increased FGF21 may not be the basis
for atherosclerotic pathogenesis while it may compensate for
the increase during atherosclerosis and bring beneficial effects
instead (5).

Based on strong preclinical evidence of the therapeutic
effect of FGF21 in metabolic syndrome, clinical studies were
conducted to evaluate the effect of FGF21 variants or analogs.
PF-05231023, an FGF21 analog, was reported to have beneficial
effects on body weight, lipoprotein profile, and adiponectin
concentrations in overweight/obese subjects with type 2 diabetes
(50). During the treatment of diabetic patients using at least
25mg of PF-05231023 once a week, the minimum observed
concentration was 0.768 ug/ml. It can also significantly lower
triglycerides in the absence of weight loss in monkeys (51).
LY2405319, another FGF21 analog, was found to improve lipid
levels, lipoprotein profile, body weight, fasting insulin, and
adiponectin levels in obese patients with type 2 diabetes in

a randomized, placebo-controlled, double-blind clinical trial
(52). During the treatment, average steady-state circulating
plasma concentrations of LY2405319 on day 28 were 17.5
+ 4ng/ml in subjects who received the 3-mg daily dose,
and levels were 67.3 4+ 25ng/ml and 150 + 49ng/ml in
subjects treated with 10 and 20mg, respectively. Therefore,
administration of exogenous supra-physiological doses of FGF21
variants or analogs may also provide a therapeutic benefit on
CVDs. Unfortunately, no clinical study has directly evaluated
the therapeutic effects of FGF21 analogs on CVDs at present.
In our study, the risk of CVDs increased with FGF21,
which also indicates the need for supra-physiological doses
of FGF21 to achieve therapeutic efficacy. Clinical evidence is
needed to investigate the role and the effective dose of FGF21
analogs in the prevention or treatment of CVDs as a novel
therapeutic agent.

Arterial stiffness is one of the earliest indicators of changes
in vascular wall structure and function, which can be assessed
by using various indicators, including PWYV, ABI, cardio-ankle
vascular index, and cIMT (53). Increased arterial stiffness
has a major effect on pulse pressure, which directly leads to
abnormal blood pressure (54). A large number of clinical studies
have demonstrated an association between arterial stiffness
and atherosclerotic burden as well as between arterial stiffness
and incident cardiovascular events. The association between
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arterial stiffness and atherosclerosis might be incidental, as
the two processes occur at similar sites of the arterial tree
and both progress with age, or might be explained by the
impact of common risk factors, such as metabolic syndrome
(55). However, the differences between atherosclerosis and
arteriosclerosis should still be noted. Arteriosclerosis mainly
refers to stiffening of the normally flexible walls due to loss
of elasticity of the arterial musculature. The loss or disorder
of elastin is the main reason for the thickening of the arterial
walls. In atherosclerosis, there is a gradual increase in the
deposition of plaque (consisting of calcium, white blood cells
and clumps of platelets, cholesterol, and lipids) within the
lumen leading to narrowing or complete blockage of the
artery. The development of atherosclerosis is closely related to
hyperglycemia and hyperlipidemia (56). Therefore, FGF21 has a
stronger association with atherosclerosis than arteriosclerosis. In
our meta-analysis, the association between FGF21 and vascular
parameters was weak. Therefore, FGF21 may act as a CVD
biomarker independent of vascular parameters, such as PWYV,
ABI, cIMT, and BP.

Several limitations of our meta-analysis must be taken into
consideration. First, due to different patient selection criteria
and baseline characteristics, such as age and gender, significant
heterogeneity was observed in our meta-analysis. Second, the
definition of CVDs and CHD varied among the included studies.
Third, the follow-up time varied among each included study,
which may bring bias in the estimation of pooled HR of
FGF21 concentration and CVDs. Fourth, our meta-analysis only
included CHD, hypertension, and overall CVDs. Studies on
other CVDs such as peripheral arterial disease, rheumatic heart
disease, atrial fibrillation, cerebral infarction, cardiomyopathy,
or microvascular disease were not included. Fifth, original
data reported in articles were transformed for meta-analysis,
especially for data of median value with quartile. Those original
data with skewed distribution may not be suitable for meta-
analysis. Sixth, the threshold for FGF21 level classification
varied among studies. A standard FGF21 classification threshold
needs to be established before clinical use for CVD risk
assessment. Several modalities were applied to reduce these
limitations. First, we conducted a systematic, comprehensive
search in two databases. Second, we strictly stipulated the
inclusion criteria, eliminating the bias caused by some potential
confounding factors, and the data were independently extracted
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