Peer]

The association between fibroblast growth factor 21 with
diabetes retinopathy among type 2 diabetes mellitus patients:
a systematic review, meta-analysis, and meta-regression

Corresp., 1

Herni Basir , Annisa S D Nugrahani >, Makbul Aman ', Syakib Bakri °, Haerani Rasyid °, Husaini Umar ',
Faridin H P ?, Muhammad Ichsan *, Andi A Zainuddin °

! Endocrinology and Metabolism Division, Department of Internal Medicine, Faculty of Medicine, Hasanuddin University, Indonesia, Makassar, Indonesia
2 Medical Program, Faculty of Medicine, Universitas Airlangga, Surabaya, East Java, Indonesia

Department of Internal Medicine, Faculty of Medicine Hasanuddin University, Makassar, Indonesia

Department of Ophthalmology, Faculty of Medicine, Hasanuddin University, Makassar, Indonesia

Department of Public Health, Faculty of Medicine, Hasanuddin University, Makassar, Indonesia

Corresponding Author: Herni Basir
Email address: hernibasir@yahoo.co.id

Background. Diabetic retinopathy (DR), a leading cause of vision loss worldwide, is a common
complication of type 2 diabetes mellitus (T2DM) driven by chronic hyperglycemia and microvascular
damage. Fibroblast growth factor 21 (FGF21) is crucial in blood sugar regulation and has been linked to
DR incidence and severity. While some studies suggest that FGF21 levels may contribute to the DR
incidence, others propose a protective role. This discrepancy necessitates further analysis, prompting
this study to evaluate the association between FGF21 levels and DR incidence and severity in T2DM
patients.

Methods: A systematic search was conducted through MEDLINE, Web of Science, Scopus, and Embase
up to May 2024 for studies evaluating the association between FGF21 and DR incidence and severity. A
random-effect model meta-analysis was performed to calculate the pooled standardized mean difference
(SMD) and 95% confidence intervals (Cl). A univariate meta-regression was performed to analyze factors
influencing pooled size estimates. All statistical analyses were performed using STATA 17 software.

Result: This systematic review and meta-analysis of 5852 participants revealed that FGF21 was
positively correlated with DR (SMD 3.11; 95% CI 0.92 to 5.30, p = 0.005) and sight-threatening DR
(STDR) incidence (SMD 3.61; 95% Cl1 0.82 to 6.41, p = 0.01). There was no significant difference in FGF21
levels in DR vs STDR (p = 0.79). Subgroup analysis revealed a significant difference in DR incidence
between LDL groups, with higher DR incidence in the group with low-density lipoprotein (LDL) levels
>100 (P < 0.00001). Meta-regression revealed no variables significantly influenced the pooled size
estimates.

Conclusion: A higher level of FGF21 was associated with higher DR and STDR incidence among T2DM
patients, highlighting its potential utilization as a biomarker for DR detection and enabling the
exploration of FGF21-based treatment strategies. However, variables independently predicting DR among
patients with elevated FGF21 levels shall be explored further. PROSPERO ID. CRD42024559142.
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Abstract
Background. Diabetic retinopathy (DR), -is-a leading cause of vision loss worldwide, is

a _common complication of type 2 diabetes mellitus (T2DM) driven by chronic
hyperglycemia and microvascular damage. Fibroblast growth factor 21 (FGEFGF21)-21)
is crucial in blood sugar regulation_and has been ;—in—which—havereported—to—be
correlatedlinked with-to DR incidence and severity. However\While some studies suggest
that FGF21 levels may contribute to the DR incidence, others propose a protective role.
This discrepancy necessitates further analysis, prompting -outcomes-of previous-studies
remains—contentious—Henece—this study aims—to evaluate the association between
EGFFGF21-21 levels to-and DR incidence and severity among-in T2DM-T2DM patients.
Methods: A systematic search was conducted through MEDLINE, Web of Science,

Scopus, and Embase up to May 2024 for studies evaluating the association between
EGE-24FGF21 and DR incidence and severity. A random-effect model meta-analysis was

performed to calculate the pooled standardized mean difference (SMD) and 95%
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confidence intervals (Cl). A univariate meta-regression was performed to analyze factors
influencing pooled size estimates. All statistical analyses were performed using STATA
17 software.

Result: This systematic review and meta-analysis of A-tetal-o£5852 participants revealed
that frem-seven-studies-were-included- FGE-21FGF21 was positively correlated with DR
ineidenee-(SMD 3.11; 95% CI1 0.92 to 5.30, p = 0.005) and sight-threatening DR (STDR)
incidence (SMD 3.61; 95% CI 0.82 to 6.41, p = 0.01). There was no significant difference
in FGF21 levels in DR vs sight-threatenSTing-DR (p = 0.79). Subgroup analysis revealed

a significant difference in DR incidence between LDL groups, with higher DR incidence

in the group with low-density lipoprotein (LDL) levels >100 (P <0.00001). Meta-regression

revealed no variables significantly influenced the pooled size estimates.
Conclusion: A higher level of EGE-21FGF21 was associated with higher DR and STDR

incidence among T2DM patients, highlighting its —potential utilization as a biomarker for

DR detection and enabling_the exploration of FGF21-based treatment strateqies.

However, variables independently predicting DR among patients with elevated FGE-
21FGF21 levels shall be explored further.
PROSPERO ID. CRD42024559142.

Introduction
Diabetes Mellitus (DM) is a chronic metabolic disorder characterized by elevated blood

sugar levels arising from defects in insulin secretion, insulin action, or both.[1,2]
Prolonged elevation of blood sugar levels can lead to damage and dysfunction of several
specific organs, such as the eyes, kidneys, nerves, heart, and blood vessels. Various
epidemiological studies indicate a tendency towards increased incidence and prevalence
of type-2-DMtype 2 diabetes mellitus (T2DM) worldwide. [3] In 2019, the estimated

number of adults aged 20 to 79 years suffering from DM was 463 million, accounting for

9.3% of the total adult population globally. [4] This number is projected to reach 578

million, or approximately 10.2% of the total adult population worldwide in 2030. [5]

T2DM is known as the most prevalent type of DM, accounting for over 90% of all diabetes

cases worldwide. Characterized by a progressive loss of insulin secretion due to insulin

Peer] reviewing PDF | (2024:07:103488:1:1:NEW 31 Aug 2024)



PeerJ Manuscript to be reviewed

68 resistance, T2DM is known as the leading cause of death and disability worldwide, mainly

69 due to diabetes-related complications. Chrenic-Ceomplications of DM can manifest as

70 vascular disturbances in both microvascular and macrovascular systems and dysfunction
71 in the nervous system or neuropathy. [1]
72

73 Macrovascular complications, such as those -commeonly-affecting the -ergans-such-as-the
74 heart, brain, and blood vessels, are significant concerns in diabetes management.

75 However, while-microvascular complications-, particularly eceur-in-organs—such-as-the
76 eyes—and—lqdneys—[5 6] -dDiabetic retlnopathy (DR),_pose a substantial burden among -is
27 . . :

78 working-age population worldwide. Not only that, it contributes as the leading cause of
79 visual impairment worldwide; 50--t6-60% of type-2-BMT2DM patients are estimated to
80 experienceing DR-complications, and 2.6% of them have vision loss. [3,7]

81

82 DR is broadly classified into two categories: nonproliferative diabetic retinopathy,
83 described as DR, and advanced proliferative or sight-threatening DR (PDR/STDR)[8].

84 The two categories were differentiated by the presence of pathologic retinal

85 neovascularization, which is known to be a hallmark of STDR. This pathological condition

86 arises from chronic hyperglycemia-induced_vascular damage, mediated through the

87 activation of the polyol pathway, the accumulation of advanced glycation end products

88 (AGEs), the protein kinase C (PKC) pathway and the hexosamine pathway, all of which

89 contribute to oxidative stress.[9] These processes lead to the loss of pericyte, a defining

90 hallmark of DR. The loss of pericytes, which provides structural support, results in

91 capillary walls outpouching, further contributing to microaneurysm formation[10].
92

93 As these processes advance, hemorrhages from this newly formed aneurysm may
94 present and impair vision [10]._This condition —due—to-diabeticretinopathy—can affeet
95 severely decrease the quality of life and productivity, especially among working-age
96 i

97 surroundings—Notably, among those who experienced DR, Fhe—main—chalenge—in
98 managing-diabeticretinopathy—is— early-stage DR is often asymptomatic, resulting in
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99 delayed dlagn03|s and treatment initiation. This delay contributes to the high;—as-mest
100 s :

101 undiagnosed diabeticretinopathyDR and visiensight-threatening diabeticretinopathyDR
102 (SVTDR), underscoringes the urgent need for evaluating-comprehensive the-extent-of
103 eye health services, including regular vision screening for individuals with DM-fer-DM
104 patients.-especially-through-screening.[11]

105

he-high prevalence of

106 In addition to traditional biomarkers such as HbA1c, microalbuminuria, and urine albumin
107 creatinine ratio (UACR), various molecular biomarker assays have emerged for predicting
108 and assessing the incidence of diabeticretinopathyDR. These biomarkers are associated
109 with mechanisms involved in the occurrence of diabeticretinopathyDR such as hypoxia,
110 oxidative stress, inflammation, endothelial dysfunction, and angiogenesis—.[6]Chronic
111 '
112
113
114
115
116
117
118
119
120
121 subfamilycomprises 22 groups generally divided into three subfamilies: paracrine,
122 endocrine, and non-signal FGF. [13] Fibroblast growth factor 21 (FGF241FGF21), a

123 member of the endocrine subfamily, is produced in the liver and is a 210-amino acid

124 polypeptide that plays a crucial role in atherosclerosis, blood sugar regulation, and lipid
125 metabolism.[14,15]
126

127 FGF21 is expressed in response to stress triggers like oxidative stress from reactive

128 oxygen species (ROS), and it has been found to interact with a high-affinity receptor called

129 [B-klotho, which functions as a single-pass transmembrane protein.[16] Interestingly,
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130 FGF21 has complex relationships with T2DM, which initially plays a protective role in the

131 early phase of DM by improving glucose homeostasis through reducing B-cells apoptosis

132 and dysfunction via PPAROJ/y signaling pathways. [17] However, increased

133 concentrations of FGF21 are paradoxically observed in heightened insulin resistance,

134 obesity, diabetes, and metabolic syndrome. Despite its unclear paradoxical increase

135 mechanisms, this phenomenon is suggested as the result of resistance and

136 compensatory response to a dysregulated metabolic state. [18—20]
137

138 SeveralDespite several studies that reported a significant correlation between increased

139 FGF21 levels and the severity-incidence of diabeticretinopathyDR;-asreported-by-Shi-din
140 etalYuan-tinand-Yun-Sheng-Wang-[14,21,22]-, another study revealed no significant

141 association between FGF21 levels and risk of DR incidence within five years.[23]

142 Moreover, another study demonstrated that FGF21 levels are not significantly associated

143 with DR incidence.[24] Hence, theseHowever,—previous—studies—have controversial

144  conclusions regarding the significance of EFGF-24FGF21 as a predicting biomarker for

145 DR's incidence and severity warrant_ further analysis. Mereoverln addition,

146 comprehensive analysis of independent factors predicting DR incidence remains
147 econtentiousvaried. Therefore, this study aims to analyze the peeoled-estimatesregarding
148 the-association between serum FGE-21FGF21 levels and the incidence and severity of

149 DR ameng-in T2DM patients. Uts-nderstanding the association between FGF21 levels

150 will potentially enable its use as a biomarker for DR detection and allow targeted

151 therapeutic strategies in T2DM and DR management.

152
153 Materials & Methods
154 This systematic review and meta-analysis was conducted per the Preferred Reporting

155 Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines[25]. This
156 review has been registered on PROSPERO under the number CRD42024559142. The

157 protocol is described as follows.

158 a. Search strategy

159 A systematic search was conducted on MEDLINE, Web of Science, Scopus, and

160 EMBASE with coverage up to April 2024 was performed initially using the following
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keywords: “fibroblast growth factor 21" AND “diabetic retinopathy,” and their
synonyms, which combined using Boolean operators. Complete details of the search
strategy are available in Supplemental Material 2. The search results from beth-all
databases were exported and imported into Covidence, software for literature
screening in systematic reviews. All titles and abstracts from the search were cross-
referenced to identify duplicates and any potential missing studies. Titles and
abstracts were screened for a subsequent full-text review. Two authors (ASDN and
HB) independently performed the complete search strategy. Any disagreements were

resolved through discussion with the referee or third author (MA).

b. Inclusion and exclusion criteria

The inclusion criteria for studies were: (1) written in English; (2) evaluating the
association of fibroblast growth factor 21 with retinepathy-diabetesDR incidence and
severity; (3) observational study design (cross-sectional study, cohort, or case-
control); (4) measured and reported the association between FGF-21FGF21 levels
and DR incidence/severity in numerical values; and (5) human subjects. Exclusion
criteria included: (1) duplicate reports; (2) no full-text available; (3) conference
abstracts, review, case reports, case series, and meta-analysis; and (4) studies with
insufficient data to extract.

c. Study selection and data extraction

After a review of abstracts, relevant articles were retrieved and reviewed for further
analysis. Bibliographies of these articles provided further references. Two
independent reviewers (ASDN and HB) reviewed all retrieved records-independently.
Uncertainties were resolved via discussion with a third reviewer (MA). Data extracted
from each included study were first author's name, publication year, study design,
country, sample size, age, sex proportion, duration of diabetes, the levels of FGE-
21FGF21 in T2DM patients without DR, with-nen-sighi-threatening DR, and sight-
threatening DR (STDR).

d. Data extraction and quality assessment
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Relevant papers were thoroughly identified, and their information, such as author,
publication year, country, study design, sample size, age, FGF-21FGF21 levels, BMI,
and HbA1c, were extracted. Two reviewers will independently assess the risk of bias
in included studies using the Newcastle—Ottawa Scale (NOS) for observational studies
(cohort, case-control, and cross-sectional studies) to assess participant selection,
comparability between groups, and ascertainment of exposure or outcome. Ratings
ranged from zero to nine, categorizing studies as poor quality (zero), fair quality (three
to five), and excellent or high quality (six to nine). A third author was brought in in
conflicting assessments to help reach an agreement. [26]

e. Statistical analysis

Meta-analysis was conducted to estimate the pooled effect size of FGF21FGF21
levels and its and—kletho—association with diabetes—T2DM and retinopathyDR.

Descriptive data of the participants’ characteristics are reported as mean + standard

deviation (SD){SB). Descriptive analyses and figures of risk of bias were performed
using a spreadsheet (Microsoft Excel 2016© USA). In contrast, meta-analytic statistics
were calculated using STATA version 17 (Stata Corporation, College Station, TX,
USA). The standardized mean difference (SMD), the number of participants, and the

standard error of the SMD for each study were used to quantify changes in the

performance variables when comparing the level of EGE21FGF21 in patients with
T2DM without DR, with DR, and with STDR. SMDs for each study group were
calculated using Hedges’s g.[27] SMDs were weighted by the inverse of variance to
calculate an overall effect and its 95% confidence interval (Cl). The net treatment
effect was obtained by subtracting the SMD of the control group from the SMD of the
experimental group. The variance was calculated from both groups' pooled SD of
change scores. Subgroup analysis was performed for race, high-density lipoprotein
(HDL), low-density lipoprotein (LDL), total cholesterol (TC), and triglycerides (TG)

levels.

A univariate, random-models meta-regression analysis was performed to investigate
whether clinical or laboratory indices could independently predict DR incidence in the

pooled analysis. The independent variables examined included HbA1c, age, sex,

Peer] reviewing PDF | (2024:07:103488:1:1:NEW 31 Aug 2024)



Peer]

221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238

239
240
241
242
243
244

245

246
247
248
249
250

race, duration of DM, systolic blood pressure (SBP), LDL cholesterol, HDL cholesterol,
TG, and TC levels. For the each-dependent variable ({DR incidence), the effect of
each independent variable was tested. The restricted maximum likelihood method is
employed under the random effects model. A significant P-value was defined as less

than 0.1. The tau, tau? and |, statistical indices were used to assess heterogeneity.

To avoid problems using Q statistics to assess systematic—differences
theterogeneityy), we—calculated—the—|, statistics was calculated, indicating the

percentage of observed total variation across studies due to absolute heterogeneity

rather than chance. |, interpretation is intuitive and lies between 0% and 100%. An |,
value between 25% and 50% represents a small amount of inconsistency, an |, value
between 50% and 75% represents a medium amount of heterogeneity, and an I, value
>75% represents a large amount of heterogeneity. A restrictive categorization of
values for |, would not be appropriate for all circumstances, although it would
tentatively accept adjectives of low, moderate, and high to |, values of 25%, 50%, and

75%, respectively.[28]

f. Sensitivity analysis

Sensitivity analysis was used to determine whether any single study or group of

studies significantly influenced the overall results. whetherany-single-study-or-group
of-—studies—significantly—influenced—the—overallresults-—The leave-one-out method

eliminated a single study at a time. If substantial heterogeneity occurred, subgroup

analysis was employed to find the sources of heterogeneity. The leave-one-out

method omits one study at a time and was performed using STATA version 17.
g. Publication bias

Publication bias and small-study effects was-were assessed visually using a funnel

plot and statistically using Egger's test [29]. The asymmetrical or disproportional

distribution data in the funnel plot evidenced the presence of publication bias. -were

distributed—dispropertionately—In contrast, the absence of publication bias was
suggested when the data were distributed approximately symmetrically. Additionally,
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a significant p-value of Egger’s test indicates the presence of publication bias and

small study effects.[30] Egger’s test was calculated using STATA version 17. -and

Results

a. Study selection
A total of 248 studies were initially obtained from five databases (MEDLINE, Web of

Sciences, EMBASE, ScienceDirect, and Scopus) and manually from the references of

included studiesprevious—reviews. Among them, 127 duplicate records were removed

automatically before screening. During the screening process, 83 articles with irrelevant
tittes/abstracts were excluded, leaving 38 potential ones for further identification. A total
of 31 studies were excluded due to unsuitable study design (review/case report/letters to
the editor), including other type(s) of diabetes or complication(s), different fibroblast
growth factors, irrelevant outcome(s), or unavailable full-text. Seven studies fulfilled the
criteria and were then assessed for study quality, and all of them were included in the
pooled analysis. The detail of the study flow diagram (PRISMA) can be seen in Figure 1.
Figure 1. PRISMA Flow Diagram.

b. Characteristic of included study

Eventually, seven studies were included for qualitative synthesis [31-37] (Table 1), and
six studies incorporating 5852 participants (710 NDR, 356 with NPDR, and 4786 with
STDR) were finally pooled in a meta-analysis. The six included studies published between
2014 and 2021, with the sample size ranging from 47 to 4760. Three studies were
conducted in Iran, two in China, and one in South Korea. Five studies compared the mean
FGE-21FGF21 levels in DR and NDR; and four compared the mean EGE-24FGF21 levels
in NDR and STDR. Additionally, the levels of serum EGE-24FGF21 were compared in

three included studies. The characteristics of the included study are detailed in Table 1.

Table 1. Characteristics of Included Study

c. Study quality assessment
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281 The quality assessment of each included study was performed using NOS. All six
282 included studies were rated moderate to high quality. The quality assessment of each
283 study using the NOS critical appraisal checklist is listed in Table 1.

284 d. Association between FGF21FGF21 and retinopathy-diabetesDR incidence

285 Five studies involving 889 patients reported serum FGF21 levels for DR. The present
286 study demonstrates a significant inverse-positive association between FGFE-21FGF21
287

288

289 (SMD 3.11; 95% CI1 0.92 to 5.30, p = 0.005) (Figure 2Figure-2). This indicates that
290 higher levels of FGF21 predict_the incidence of DR among T2DM patients.

291 Figure 2. Association between FGF-21FGF21 levels with DR incidence

292 e. ;—Association between FGF21FGF21 with sight-threatening—retinopathy
293 diabetesSTDR incidence

294 Further analysis was performed to calculate the association between FGF-21FGF21
295 in T2DM patients without DR and T2DM with STDR. Four pooled studies found a
296 significant positive association between EGF-24FGF21 levels and STDR (SMD 3.61;
297 95% CI 0.82 to 6.41, p = 0.01)_(Figure 3). Significant heterogeneity was found in this
298 pooled analysis. H-is-noticed-that-larger-effect-size-was-found-in-STBR-incidence
299 compared-to-DR-incidence-indicating-A larger effect size was found in STDR than in
300 DR incidence, indicating a possible association between EGE-241FGF21 levels and
301 DR severity.

302 Figure 3. Association between FGF-21FGF21 levels with STDR incidence

303

304 f. Association between FGF-21FGF21 levels with DR _severity-of retinopathy
305 diabetes

306 In—ordertoFive studies were included in this effect size estimate to evaluate the
307 association between DR severity and serum FGF21 levels-evaluate-the-association
308 between DR severity and serum FGF-21EGF21 levels, five studies were included in
309 this-effect size-estimates. However, it is-was revealed that the association between
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serum EGE-21FGF21 levels and DR severity among NPDR and STDR patients was
insignificant (p = 0.79) (Figure 4).

Figure 4. Association between FGF-21FGF21 levels with DR severity

g. Subgroup analysis

Subgroup analyses investigating the association between serum FGFE-24FGF21
levels and DR incidence are depicted in Figure 5. From the subgroup analysis, larger
pooled effect sizes were observed among Asian populations (SMD 4.71; 95% CI 1.33
to 8.10, p = 0.006), individuals with higher HDL levels (>40 mg/dL) (SMD 4.09; 95%
Cl 1.12 to0 7.07, p = 0.007), higher LDL levels (>100 mg/dL) (SMD 6.50; 95% CI 5.28
to 7.71, p < 0.001), and lower TG levels (<130 mg/dL) (SMD 3.78; 95% CI 2.26 to
5.31, p < 0.001).

However, significant differences across all subgroups were only evident in the pooled
analysis of LDL levels, where LDL levels >100 mg/dL were significantly associated
with higher DR incidence in the pooled samples (SMD 6.50; 95% CI 5.28 to 7.71, p <
0.001). In contrast, no statistically significant differences were observed among
subgroups defined by race, HDL, triglyceride (TG), and total cholesterol (TC) levels,
as indicated by non-significant tests of subgroup difference.

Figure 5. Summary of subgroup-analysisSubgroup Analysis

h. Sensitivity analysis

Through our sensitivity analysis using the leave-one-out method, weQur sensitivity
analysis using the leave-one-out method found no significant changes in the pooled

estimates of Hedges’s g when excluding each study one at a time (Figure 6). Omitting
any study from the pooled analysis did not affect the statistical significance of the
overall outcomes. This finding indicate-indicates that no single study had-a-substantial
impaetensubstantially impacted the overall findings.

Figure 6. Sensitivity Analysis

i. Publication bias
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The funnel plot analysis suggested no obvious evidence of publication bias in the
pooled estimates, as the plot displayed approximately symmetrical_(Figure 7).
Regression-based Egger’s test analysis revealed insignificant estimates, indicating no
small study effects in the pooled analysis (Z=-1.54, p= 0.12).

Figure 7. Funnel plot

j- Meta-regression

Univariable meta-regression analysis was—cenducted—to—investigateinvestigated
whether any-clinical or laboratory indices could independently predict DR incidence in
T2DM patients. However, none of the examined clinical indices (including HbA1c, age,
sex, race, duration of DM, systolic blood pressure (SBP), LDL cholesterol, HDL
cholesterol, and TC levels) were found to be significant independent predictors of DR
incidence in this population. Detailed results of the meta-regression are summarized
in Table 2.

Table 2. Summary of meta-regression

Discussion

To our knowledge, this study is the first systematic review and meta-analysis to
analyze the association of protein-FGF-21EGE21-with-diabeticretinopathyDR--Our
STDR-among-T2DM-patients—This-study-aets-as-athe protein FGF21 with DR. Our
study demonstrates that higher FGF21 levels predict the incidence of DR and STDR
among T2DM patients. This study provides robust data to further validate the
utilization of FGE-21FGF21 as a biomarker of DR in T2DM patients.

In chronic hyperglycemia, there is an accumulation of advanced glycation end
products (AGEs), activation of protein kinase C (PKC), dysregulation of polyol
pathways, and activation of hexosamine pathways. All these factors trigger oxidative
stress, leading to basement membrane thickening, retinal ischemia, increased
vascular endothelial growth factor (VEGF), and neovascularization, which cause non-
proliferative and proliferative diabeticretinopathyDR.[38] In other pathways, there-is
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371 . . .
372 increased—vascular—permeabilityleadingpericyte damage, endothelial dysfunction,
373 blood-retinal barrier (BRB) damage, and increased vascular permeability lead to
374 macular edema.[11,39]

375

376 EGE24FGF21 is an endocrine hormone primarily predueed-synthesized by the liver and
377 adipose tissue, _regulatrequlated ed-by peroxisome proliferator-activated receptors

378 (PPAR)da and PPARYy, that plays a role in glucose metabolism, fat, insulin resistance,

379 and obesity.;[40—43]_Conditions associated with increased oxidative stress, such as

380 hyperglycemia, lead to elevated levels of FGF21, which has complex effects on
381 T2DM.[40,44] -Initially, elevated FGF21 levels provide-protection-againstprotect DM by
382 improving glucose metabolism through several liver-mediated pathways. Firstly, FGF21
383 reduces insulin resistance by stimualting—insulin—secretion—via—the —PI3K/ Akt
384 signallingstimulating insulin _secretion via the PI3K/ Akt signaling pathway, thereby
385 enhancing postprandial insulin sensitivity.[45,46] Secondly, FGF21 protects pancreatic 3-

386 cells by promoting islet autophagy, which is mediated by the activation of AMPK-acetyl

387 coenzyme A carboxylase (ACC) and PPAR®S/y signaling pathways, which contributes to

388 the survival and functionality of 3-cell, preventing their dysfunction. [47] Thirdly, FGF21

389 enhances insulin _sensitivity by inhibiting hepatic mTORCA1, further elucidating its
390 protective role against DM. [45,47,48] However, this-protective-effects of FEGF21-appears
391 N . . . . )

392
393
394 effectsthe protective effects of FGF21 appear to be most significant in the early stages of

395 hyperglycemia, as FGF21 appears to be elevated in chronic hyperglycemia as a

396 compensatory or resistance effect.[20]-erhance-insulin-sensitivity-postprandially-
397

398 Interestingly, our study found thean association between increased FGF21 levels and
399 the incidence and severity of DR. Although the mechanisms linking serum
400 FGE21FGF21 levels to DR are net—wellpoorly understood, it is speculated
401 hypothesized that elevated FGE24FGF21 in diabetic complications emerges due to
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402 ‘FGF21 resistance’ or a paradoxical increase. [49] This—paradoxical-phenomenon
403 : . : .

404 expression—as—previously—noted—in—animal-modelsAs previously noted in animal

405 models, This paradox occurs alongside dysfunctional or compensatory mechanisms
406 in_receptor complex expression. Consequently, while FGF21 levels may have
407 protective effects againtsagainst T2DM in its early phase, chronic hyperglycemia-
408 induced FGF21 resistance is proposed to be the mechanismsmechanism explained

409 by the result of our study, may-be-a-compensatory-response-to-metabolic-stress-and

410 ------ a N ON N meach N m aallala aYa' N aVala a a¥a'

411 hyperglycemia-associated—resistance—to—adiponectin,—where increased serum
412 EFGE21FGF21 levels initially aim to repair microvascular damage in retinopathy,

413 serving as a eeunterativecounteractive_mechanism against metabolic stress and
414 vascular endothelial damage in DR.[11,14,45]

415 This mechanism occurs similarly in micrevasecularprotectingthe microvascular protection
416 effect by FGF21. As a regulator of glucose metabolism, FGF21 promotes intrahepatic

417 qgluconeogenesis during starvation. However, under hyperglycemic states, FGF21

418 suppresssuppresses glucogenic gene expression, reducing hepatic glucose production

419 and maintaining glucose homeostasis. [47,48]

420

421 It is worth noting that administration of FGF21 has been shown te-significantly
422 increase—plasma—adiponectin—concentrationsto increase plasma adiponectin
423 concentrations significantly. Adiponectin, an insulin-sensitizing, anti-inflammatory,
424 anti-atherosclerotic, and hepatoprotective factor predominantly produced from
425 adipocytes, contributes to the-amelioration-of BRDR ameliorating.[47]_This finding is
426 further supported by a study by Tomita et al., which demonstrated that administration
427 of (PPAR)® modulator, known to upregulate FGF21 levels, inhibited pathological
428 angiogenesis in the retina of mouse model by surpressingsuppressing hypoxia-
429 inducible factor (HIF) and VEGF system.[43,50] Our result suggests that the observed
430 increase of FGF21 levels in DR and STDR, with a-mere-proncunced-effectsa more
431 pronounced effect in STDR, could be explained by two potential mechanisms: 1) a
432 compensatory response to FGF21 resistance as (-cell dysfunction worsens, or 2) an
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433 effort to repair microvascular damage and inhibit pathological neovascularization in
434 DR cases. This mechanism was-in-tinealigned with previous findings-which-explains,
435 which explain_the U-shaped relationship between FGF-21 and microvascular
436 complications in T2DM [20].

437

438 Despite our pooled analysis did-not-identifynot identifying any clinical indices as an
439 . . : . .

440

441 were—an independent factor of DR incidence, previous studies have highlighted
442 significant associations of obesity (BMI >30), high cholesterol levels, HbA1c, and
443 FGF21 associated with DR incidence.[31] Another study by Esteghamati et al.;
444 revealed that DR-incidence-ameng DM-patients—were—significantly—predicted-by
445 EGE-21EGE21 levels,-duration-of DM;—and-TG-levelsFGF21 levels, duration of DM,
446 and TG levels significantly predicted DR incidence among T2DM patients.[35]
447 Previous studies have identified age, duration of diabetes, hyperglycemia,

448 hypertension, and hyperlipidemia as known risk factors for DR.[51,52]. This

449 association between serum FGF24FGF21 and DR has been supported by previous
450 research.[53]

451

452 However, it is worth noting that different studies utilized different cut-off values of

453 FGF21 as a biomarker for DR. Jung et al..-used-cutoff valuesof =113 113-214and

454 2214 as—cut-off values—with-highervalues-in-the-latter-groupreflects used cut-off
455 values of €113, 113-214, and 2214 as cut-off values, with higher values in the latter

456 group reflecting higher risks of DR development.[20] On the other hand, Heidari et al.;
457 revealed-that FGF-21 predicts predict the incidence of DR with the optimal cut-off
458 value of >312 pg/mL with sensitivity of 97.80 (92.3-99.7) and specificity of 96.77 (90.9-
459 99.3). Both NPDR and PDR were predicted under the medelof AUC-0.990AUC 0.990
460 model.[31] In study-by-Esteghamati-et-al;-a study by Esteghamati et al., the cClinical
461 cut-off for the pooled samples was 135/5 pg/ml L with a sensitivity of 97.8% and
462 specificity of 75.0%. This study stated that patients with serum EGE21FGF21 = 135.5
463 pg/mL had a 25.86435-fold increased risk of T2DR.[35] The proposed cutoff of
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464 EGE21FGF21 to predict T2DR, 135.5 pg/mL, is much lower than that reported by Lin
465 et al.[37]. In Lin et al.;-[3¥]study;-the-mean-serum-FGF21EGE21-levels-were-125.9;
466 : . : :

467 [37]study, the mean serum FGF21 levels were 125.9, 326.8, 631.9, and 669.4 pg/ml
468 in_controls, T2DM patients without retinopathy, NPT2DR, and PT2DR patients,
469 respectively, which is higher than that calculated for all groups in Esteghamati et al.,
470 study. " ; - ,
471 at-196 pg/ml—with-theOn the other hand, Mousavi et al. found the best cut-off values
472 for FGF21 in T2DM at 196 pg/mL, with a sensitivity of 80% and specificity of 47.2%.

A Q H O ala .A== aa N oniro DA N an VViidaVa etinob alVAR\NID. DR

473 Hence, the disparities of optimal cut-off values across studies might influence the
474 potential bias within the analysis. Further studies should investigate the optimal cut-
475 off values of FGF21 to validate its clinical utility and enable it as a biomarker in clinical
476 settings.

477

478 AcHewever—aecording to Lin et al., the proposed independent factors of DR were
479 FGE-21FGF21, age, diabetes duration, and HDL levels. Whereas-On the other hand,
480 independent factors for STDR incidence were FGE-21FGF21, age, diabetes duration,
481 and diastolic blood pressure.[37] Lin et al..-divided-theirsamples-into-four-guartiles
482 divided their samples into four quartiles with different levels of EGE-24FGF21, with Q1
483 being the lowest (FGF-24FGF21 < 388 pg/mL) and Q4 fer-being the highest (FGE-
484 21FGF21 >>- 580 pg/mL). From their pooled analysis, the patients in Q4 had a higher
485 prevalence of DR and STDR (p<0.05). Serum FGE21FGF21 level >478.76 pg/mL
486 suggested the occurrence of DR-ard-that, and a level >554.69 pg/mL indicated STDR
487 (p<0.01).

488

489 The finding of this study is supported by a study by Jin et al., which classified T2DM
490 patients based on their EFGF241FGF21 serum levels;—This. This found that patients in
491 the highest quartile (Q4) had significantly higher risks of DR and STDR cempared

492 tethan those in the lowest quartile (Q1), even after adjusting for confounding factors.
493 ROC analysis indicated that serum EGF21FGF21 levels above 554.69 pg/mL were
494 associated with an over eight-fold increased risk of STDR. [34] These findings align
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with our pooled analysis, which demonstrated that higher concentrations of
EGE21FGF21 predict the severity of DR.

Despite the findings, the mechanisms behind increased serum FGE-21FGF21 levels
in patients with DR remain unclear. Elevated FGF-21FGF21 in these patients may be
a compensatory response to metabolic stress, known as FGF-21FGF21 resistance.
[54] This resistance, characterized by increased circulating FGF-24FGF21 and
decreased receptor expression, has been associated with a compensatory increase
in adiponectin levels in obese individuals, those with insulin resistance, and heart
failure patients.[55,56]

EGE-21FGF21 may target the vascular system, protecting against atherosclerosis by
inducing adiponectin to inhibit neointima formation and inflammation; and suppressing
hepatic cholesterol synthesis to reduce hypercholesterolemia.[57,58] It also promotes
angiotensin Il metabolism in adipocytes and renal cells, mitigating hypertension and
vessel injury.[58] Lei Ying et al. found that FGF-21FGF21 improved aortic dilation in
diabetes mice via oxidative stress suppression and endothelial nitric oxide synthase

activation.[59]

The correlation between FGF-24FGF21 and DR incidence resembles hyperglycemia-
associated adiponectin resistance. Increased serum EGE-21FGF21 may compensate
for endothelial dysfunction in retinopathy, with defects in FGE-21FGF21 expression or
activation reducing insulin sensitivity, liver fatty acid oxidation, and triglyceride
clearance.[13,54,55,57] Elevated FGF-24FGF21 levels in conditions like metabolic
syndrome, obesity, insulin resistance, diabetes, and hypertension suggest a response

to poor metabolic status.[60,61]

Understanding the complex relationship between FGF21 and diabetes.along-with-its
complications. and its complications has paved the way for novel pharmaceutical

strateqgies to overcome T2DM. Tomita et al.; demonstrated that long-acting FGF21
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526 could reduce retinal vascular leakage in mice with retinal disorders.[62] This finding is
527 further supported as-a-study-by-Fu-etal;-by a study by Fu et al., which revealed that
528 FGF21 administration suppressed ocular neovascularization in mice through
529 adiponectin-mediated pathways.[63]_Additionally, FGF21 inhibited pro-inflammatory
530 agents, such as tumor necrosis factor-a (TNF-a), expression but did not
531 alter Vegfa expr-essionexpression in neovascular eyes in mice models. Prior studies

532 have also highlighted the beneficial effects of selective PPARa meodulater
533 {SPPARMa)—such-aspemafibratemodulators (SPPARMa), such as fenofibrate, in

534 preventing pathological retinal neovascularization by upregulating liver FGF21
535 levels.[50]__These findings suggest that FGF21 could be a therapeutic target for
536 managing pathological vessel growth in DR. Notably, administration of FGF21 has
537 been shown to not only improve the metabolic benefits of insulin sensitivity:-but-also
538 improving-lipid-profile-and-obesity.—which-alse-reduce but also improve lipid profile
539 and obesity, which also reduces the risks of metabolic syndrome.[48]_However,
540 clinical trials investigating FGF21 theraupetictherapeutic potential in human DR are
541 still limited.

542

543

544 However, the discrepancies between clinical studies, especially in context-of-the
545 context of an optimal cut-off value of EFEGF-24FGF21 levels in predicting DR incidence
546 and severity, may stem from differences in participant characteristics, such as age,
547 BMI, duration of diabetes, glycemic control, and laboratory methods in FEGE241FGF21
548 measurements.[64] Our main finding indicates that elevated serum FGF21FGF21
549 predict-predicts the incidence of DR and STDR among T2DM patients, although the
550 optimal cut-off value remains unclear.

551

552 Building on the findings of this study, clinical efforts should be directed tewards
553 tegrating—As—measuring—serum—FGE-21EGE21 levelstoward integrating serum
554 FGF21 level measurement into practice for early detection and management of DR.
555 As the FGF21 measurement is deemed efficient and feasible in community hospitals,
556 our study supports its use—utilization for further—eye exams in T2DM patients.
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Moreover, research should focus on the-validation-of optimal-cut-off values of FGE21
for DRprediction-and-exploring-the—clinical-trialsin-humanvalidating optimal cut-off
values of FGF21 for DR prediction and exploring the clinical trials in humans for
FGF21-based treatments for DR.s-and-therapies- The significant association between
EGE-21FGF21 levels and DR offers clinicians and researchers insight into a novel

pathway for future DR treatment, emphasizing its relevance as a biomarker for
monitoring and predicting diabetic complications in type-2-diabetesT2DM patients.

Conclusions
The serum level of FGE-241FGF21 is a predictive marker for the incidence of DR in

patients with T2DM and demonstrates a positive correlation with the severity of DR in
T2DM patients. Thus, FGE-21FGF21 holds potential as a biomarker for beth
predicting the incidence of DR and determining the prognosis of T2DM. Understanding

tFhe link between serum FGFE-21FGF21 levels and DR suggests a rew-pathway for

future DR treatment by managing pathological neovascularization via inhibitien

ofinhibiting pro-inflammatory agents and adiponectin pathways. -
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Figure 1

PRISMA flow diagram of the included studies
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Figure 2

Association between FGF-21 levels with DR incidence

DR NDR SMD Weight
Study N Mean SD N Mean SD with 95% Cl (%)
Jin 207 5727 795 345 3268 816 O 3.04[ 2.79, 3.29] 20.37
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Testof 6 = 0:z = 2.78, p = 0.01
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Figure 3

Association between FGF-21 levels with STDR incidence
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Figure 4

Figure 4. Association between FGF-21 levels with DR severity
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Figure 5

Summary of subgroup analysis
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Figure 6
Sensitivity Analysis
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Figure 7

Funnel plot
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Table 1l(on next page)

Characteristics of included study
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Author

Year

Country

Study design

Sample size

NDR/DR/STDR

FGF-21 cut off value

NOS

Esteghamati
[12]

2016

Iran

Cross-

sectional

44/46

233.00 (109.00) pg/mL in NPDR
and 215.00 (122.00) pg/mL in
STDR, (P =0.361).

Heidari [13]

2021

Iran

Cross-

sectional

93/44/47

DR prediction with FGF-21 >312
pg/ml, with sensitivity of 97.80%
and specificity of 96.77%.

Jung [14]

2016

South

Korea

Cross-

sectional

227

OR for the DR incidence was
0.08 for the FGF21 second tertile
when compared with the first
tertile (p=0.029). OR of
retinopathy in third tertile group
was lower than first tertile and
higher than second tertile, but

statistically insignificant.

Jin [15]

2021

China

Cross-

sectional

345/207/102

Serum FGF21 level was noted as
an independent risk factor for DR
and STDR (p<0.01). Serum
FGF21 level >478.76 pg/mL
suggested the occurrence of DR
and that level >554.69 pg/mL
indicated STDR (p<0.01).

Mousavi

[16]

2017

Iran

Cross-

sectional

22/25

Serum FGF-21 predicts DR with
the cutoff of 196 pg/mL, with a
sensitivity of 80 % and
specificity of 47.2 %.

Lin [8]

2014

China

Cross-

sectional

34/34/49

The estimated cut-off value of
FGF21 is550 pg/mL, with 86.5%
sensitivity and 75% specificity
for theexistence of diabetic
retinopathy (area under the curve
=0.776,P > 0.05).

Lee [17]

2023

China

Retrospective

4760

FGF-21 did not significantly
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cohort predict DR incidence (HR 1.10
(0.96-1.26), p=0.16)

1 DR = diabetic retinopathy; NPR = non-proliferative diabetic retinopathy; STDR = sight-threatening
2 diabetic retinopathy
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Table 2(on next page)

Summary of meta-regression
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Variate Estimate, 95% CI p-value
HbAlc 0.03 (-4.65, 4.72) 0.988
Age 0.78 (-0.07, 1.64) 0.075
Sex 0.09 (10.1, 0,28) 0.348
Race -2.65 (-6.82, 1.50) 0.210
Duration of -0.604 (-7.9, 6.69) 0.871

DM

SBP 0.20 (-1.89, 2.29) 0.851
LDL -4.19 (-8.51, 0.11) 0.056
HDL 2.42 (-1.90, 6.74) 0.273
TG -1.16 (-6.15, 3.89) 0.648
TC 1.21 (-3.75, 6.18) 0.633

Peer] reviewing PDF | (2024:07:103488:1:1:NEW 31 Aug 2024)



