International Journal of Ophthalmology & Visual Science

2022; 7(3): 83-94
http://www.sciencepublishinggroup.com/j/ijovs
doi: 10.11648/.ijovs.20220703.11

B Jt ar )
otlencePl

Science Publishing Group

ISSN: 2637-384X (Print); ISSN: 2637-3858 (Online)

Association Between the Level of Homocysteine and
Diabetic Retinopathy Among Type 2 Diabetic Patients:
A Systemic Review and Meta-analysis

Lu Xin, Zhao-Xing Xing, Chen-Wen Jun, Wang Yuan, Yi-En Hui, Zhang-Yi Ping, Yu Lu,
Du-Zhao Jiang*

Department of Ophthalmology, Xi'an Central Hospital, Xi'an, China

Email address:
tomdzj@163.com (Du-Zhao Jiang)

*Corresponding author
To cite this article:
Lu Xin, Zhao-Xing Xing, Chen-Wen Jun, Wang Yuan, Yi-En Hui, Zhang-Yi Ping, Yu Lu, Du-Zhao Jiang. Association Between the Level of

Homocysteine and Diabetic Retinopathy Among Type 2 Diabetic Patients: A Systemic Review and Meta-analysis. International Journal of
Ophthalmology & Visual Science. Vol. 7, No. 3, 2022, pp. 83-94. doi: 10.11648/j.ijovs.20220703.11

Received: July 10, 2022; Accepted: July 25, 2022; Published: August 4, 2022

Abstract: Aim: To examine the relationship between homocysteine and diabetic retinopathy in patients with type 2 diabetes
mellitus. Methods: A search of PubMed, EMBASE, and the Cochrane Library was conducted for controlled clinical trials
examining the association between homocysteine and diabetic retinopathy in type 2 diabetic patients. The retrieval of all
available relevant studies as of January 15, 2022. The Newcastle-Ottawa scale was used to evaluate the quality of included
studies. Using Review Manager 5.4, an analysis is conducted on the relevant data. Results: Hey levels were higher in DR
patients compared to NDR patients (total MD: 1.78, 95% CI: 1.02 to 2.54, Z = 4.60, P < 0.01). In addition, the meta-analysis of
the studies revealed similar results in the PDR versus NPDR group (total MD: 1.85, 95%CI: 0.70 to 3.00, P < 0.01) and the
NPDR vs NDR group (total MD: 0.59, 95% CI 0.33 to 0.85, P = 0.21). Still evident was heterogeneity in the majority of
subgroup analyses (I* > 50%, P < 0.1). Forest plots from various subgroups revealed a slight increase in Hcy between the DR
and NDR, PDR and NPDR, and NPDR and NDR time periods. A funnel plot demonstrated that publication bias was significant.
Conclusions: Our meta-analysis revealed that elevated Hcy is significantly associated with DR and likely plays an important
role in its progression.
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1. Introduction

The prevalence of diabetes mellitus is growing due to
population increase, age, urbanization, and the rising rates of
obesity and physical inactivity. According to estimates, 463
million people globally have diabetes in 2019; this number is
expected to increase to 578 million by 2030 and 700 million
by 2045 [1]. The most prevalent cause of diabetic retinopathy,
which is responsible for the majority of vision loss in
middle-aged and older people across the globe, is diabetes
mellitus. By 2030, it is predicted that there will be 191
million DR, as the incidence of diabetes keeps rising [2]. The
International Clinical Diabetic Retinopathy Disease Severity
Scale, which was released in 2019 by the American Academy
of Ophthalmology, is the most current clinical grading

standard for DR. DR is subdivided into no apparent
retinopathy, non-proliferative diabetic retinopathy, and
proliferative diabetic diabetic retinopathy based on the
findings seen during dilated ophthalmoscopy [3]. NPDR may
develop into DR, which can result in vision loss or possibly
blindness, if it is not properly treated. Within 5 years, 46.89
percent of those with Type 2 diabetes mellitus would acquire
DR [4]. This is why it is so important to identify DR early
and to treat it well. Homocysteine, a sulfur-containing amino
acid that is a methionine intermediate metabolite [5], keeps
the body's methylation and antioxidant systems functioning.
Hyperhomocysteinemia, which is caused by an increase in
homocysteine levels in the body due to a variety of factors,
affects all organs since it lowers the body's methylation and
antioxidant capabilities. As a result, it is connected to the
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development of many illnesses, both directly and indirectly.
Potential risk  factors for cardiovascular  disease,
cerebrovascular illness, renal disease, immunological
disorders, and inflammatory diseases include having high
homocysteine levels [6-10]. Additionally, it has been related
to psychiatric and neurodegenerative diseases such
schizophrenia, Alzheimer's disease, and anxiety disorders [11,
12]. To treat hyperhomocysteinemia, pills including folic acid
or vitamin B12 are now used [13, 14].

A greater Hey was linked to NPDR by Tomi et al. [15] and
may contribute to the emergence of NPDR in T2DM.
According to Li et al. research 's [16] Hcy may be utilized as
an early diagnostic tool to gauge the severity of DR and is an
independent risk factor for type 2 diabetic retinopathy.
However, He et al. [17] observed no statistically significant
difference when comparing homocysteine levels in
individuals with different stages of DR (P>0.05). Studies
have shown inconsistent results regarding the association
between Hcy and DR, and it is unclear how Hcy contributes
to the development of DR. Hyperhomocysteinemia was
shown to be a risk factor for DR, namely PDR, in a 2014
meta-analysis by Chong et al. [18] that included 31 trials and
6,394 people in total. Geographical differences affected the
relationship between hyperhomocysteinemia and the risk of
T1DM. Specifically in individuals with type 2 diabetes, Lei
et al. [19] hypothesized that higher Hcy levels were linked to
an increased risk of diabetic retinopathy. However, a lot more
research have been published in recent years, and the stated
outcomes of different investigations vary [15, 17, 20]. This
research looked at the clinical importance of Hcy to offer an
evidence-based basis for the prevention and management of
DR in patients with T2DM in order to acquire a more
thorough knowledge of the link between Hcy and DR in
patients with T2DM.

2. Method and Materials
2.1. Study Selection and Ildentification

Without limiting the publishing language, two researchers
(Lu X and Zhao XX) separately searched the PubMed,
EMBASE, and Cochrane Library databases. obtaining every
relevant study that is still accessible as of January 15, 2022.
("Diabetic Retinopathy" or "Diabetic Retinopathies" or
"Diabetic  Retinopathy"); and  ("homocysteine" or
"hyperhomocysteinemia"; "2-amino-4-mercaptobutyric acid";
""2-amino-4-mercaptobutyric acid"; "Homocysteine,
L-Isomer"; or "L-Isome"); In order to find other relevant
research, the reference lists of all retrieved papers are also
used.

2.2. Integrity and Elimination Standards

Certain requirements have to be met by eligible studies: 2)
Type 2 diabetes mellitus with or without diabetic retinopathy
was the experiment's main focus. 3) Cases and controls'

characteristics, such as their numbers, means, standard
deviations, and homocysteine concentrations, were included.
Duplicates, conference abstracts, animal/in vitro research,
editorials, off-topic articles, correspondence, and samples
other than blood were excluded. Studies with small sample
numbers (less than 50) and poor quality (NOS, fewer than 6
points) were also disregarded.

2.3. Data Gathering and Quality Assessment

The first author's name, nation, publication year, blood
components used for the test, method for detecting
homocysteine, number of both cases and control groups, sex,
mean age, duration, homocysteine concentration, and
quality scores were all independently extracted by two
reviewers (Lu X and Zhao XX) from the relevant studies.
Discussions with a second reviewer on each item were used
to settle any eligibility questions that arose throughout the
extraction (Chen WJ). The Newecastle-Ottawa Scale was
used to rate the research [21]. Studies getting 6 points on
the NOS scale were considered to be of considerably better
quality. The maximum NOS score that could be achieved
was 9.

2.4. Data Analysis

The related data is analyzed using Review Manager [Rev
Man (Computer application), Version 5.4.1, The Cochrane
Collaboration, 2020]. The Cochrane’s O-test and I* statistics
were used to assess the heterogeneity. The Q data were
regarded as statistically significant if P<0.1, and F* values
more than 50% denoted considerable heterogeneity. Based on
the I* data, heterogeneity was classified as low (to 50%),
moderate (50% to 75%), or high (>75%) [22]. Data with low
heterogeneity (I’<50%), whereas random-effects models
were used to study data with I*>50% (REM). Calculating the
mean difference and 95% confidence interval (CI) were
calculated, and P<0.05 was regarded statistically significant.
Funnel plots were utilized to assess the Rev Man's publishing
bias. The funnel plots should be fairly symmetrical to rule
out publication bias.

3. Results
3.1. Characteristics of the Studies Included

The procedure for including studies in this meta-analysis is
shown in Figure 1. The first examination of the relevant
literature included 9 Pubmed articles, 178 Embase articles,
and 2 Cochrane Library papers. 154 articles that did not fit
the inclusion criteria were discarded by reading the title and
abstract, and 13 papers that did not satisfy the requirements
by reading the full text were also excluded. As a consequence,
14 papers were included after using EndNote X9 to manage
the literature. Table 1 provides a summary of the features of
the included studies.
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Figure 1. Procedure for screening literature.
Table 1. Patients and trials with specific characteristics.
Author Sex T2DM duration
T Country Sample Method NOS Group Number (M/F) Mean age (y) W) Hcy (umol/L)
?gg;“’ms P it s FEA 8  group lnoDR 120 - 65.0 (59.0-69.0) 7.0 (4.8-12.0) 9.2 (7.5-11.5)
group 2: DR 48 - 66.5 (60.3-69.0) 12.0(7.3-21.5)  10.5 (9.0-13.8)
Chen [29] 2010 China Serum ELISA 6 group 1:no DR 45 22/23  64.5+6.9 0.5-5.0 8.35+6.02
group 2: NPDR 42 22/20 65.3£5.4 3.0-15.0 9.23+5.12
group 3: PDR 46 25/21  68.6£5.8 5.0-20.0 10.97+7.45
group 4: controls 40 20/20  59.25+6.5 - 7.85+1.86
S(;’éj“em B preen Db EFLE 6  group lnoDR 62 72.06+1.24 11.9648.13 13.46£0.74
group 2:NPDR 71 R8T 68 1+1.04 14.58+8.04 14.56:0.64
group 3: PDR 46 69.2+1.36 17.6249.29 15.86+1.34
group 4: controls 156 80/76  69+0.4 - 11.75+0.24
Gupta [3112018 India  Serum ChSmiluminescent o . L 1:PDR 39 33/6 53354 - 17.98+6.26
technology
group 2:no DR 39 33/6 54.8+6.1 - 17.7148.17
Li [20] 2021 China Serum ELISA 7 group 1:no DR 40 21/19  49.28+1.60 3.14+1.07 11.76+2.53
group 2: NPDR 39 24/15  49.21+1.63 6.03+£1.21 13.35+£2.78

group 3: PDR 41 24/17  51.62+1.64 9.32+1.48 15.6543.10
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Author Sex T2DM duration
publication year Country Sample Method NOS Group Number (M/F) Mean age (y) W) Hcy (nmol/L)
;gg;‘er BE e Seumn EELE 8  group lmoDR 279 9.23 (8.84-9.65)
group 2:NPDR 79 - e
group3: PDR 23 9.89 (8.49-11.53)
I[\giiazggfinem Italy Plasma - 6 group 1:no DR 50 12.1+6.8
group 2: NPDR 63 84/91 65.2+11.8 7.6£5.4 14.4+6.7
group 3: PDR 62 18.2+5.6
group 4: controls 80 42/38  44.6+10.5 - 7.8+6.4
ig‘;’gsmv B4 fdia  Serum ELISA 6  group lnoDR 20 56.0+6.71 5.9846.96 27.22+1.05
group 2: NPDR 54.346.91 11.7+6.84 28.9+8.3
with ME =
ﬁ‘]’;p 3: PDR with 51.02+7.21 11.7£6.35 30.842.1
group 4: controls 20 53.26+9.81 - 17.1247.0
stable-isotope
Stabler [35] . dilution gas
: +
1999 America Serum S group 1:no DR 223 ) 58.348.0 93271 9.5+4.3
mass spectrometry
group 2: DR 218 10.0£3.3
Yang [36] 2002 China Plasma HPLC 7 group 1: controls 19 12/7  55.6+21.0 9.742.7
group 2: T2DM
without any 39 17/22  56.9+1.1 - 11.3+4.9
complications
group 3: DR 16 8/8 57.9£9.6 14.7£5.3
Fotiou [37] 2014 Greece  Serum FPIA 6 group 1:no DR 75 69/71 61.0 (55.0-67.0) 6.0 (3.0-9.0) 11.1 (9.5-13.6)
group 2: DR 65 68.0 (60.0-75.0) 15.0 (10.0-22.0)  16.3 (14.7-19.8)
automatic
He [17] 2020 China Serum  biochemical 6 group 1: T2DM 72 56.97+12.17 10.00 (3.25-15.75) 11.31+2.25
analyzer
group 2: DR 45 118193 617341337 16.00 (8.50-20.00) 11.5242.52
group 3: DN 49 66.57£13.20  13.00 (8.50-20.00) 12.58+3.66
group 4: DR+DN 45 60.47+11.91 19.00 (10.00-22.50) 11.91+2.42
group 5: controls 76 43/33  61.46+9.65 - 10.44+2.09
Tomié [15] 2022 Croatia Blood Cremiluminescent group lnoDR 69 59.4% 58.0 (22.0-81.0) 8 (2-39) 14.1 (6.9-68)
immunoassay
group 2: NPDR 25 70% 62.0 (33.0-76.0) 19.5 (5-40) 19.3 (13-57.5)
I;(i)“g A ety Wi 7 group lnoDR 643 51.9% 65.349.2 0(5) 8.8 (3.7)
group 2: DR 278 52.1% 65.049.2 7 (15) 8.9 (3.4)

NOS: The Newcastle-Ottawa Scale; DR: Diabetic retinopathy; NPDR: Non-proliferative diabetic retinopathy; PDR: Proliferative diabetic retinopathy; NDR:
No diabetic retinopathy; ME: Macular edema; DN: Diabetic nephropathy; M: Male; F: Female; T2DM: Type 2 diabetes mellitus; Hcy: Homocysteine; HHcy:
Homocysteine>15umol/L; FPIA: Fluorescence polarization immunoassay; ELISA: Enzyme-linked immunosorbent assay; HPLC: High performance liquid

chromatography.

3.2. Analysis of the Overall Hcy Levels in the NDR, NPDR,
and PDR Groups

A difference in Hcy levels between the DR and NDR
groups overall was seen in the forest plot of fourteen trials
with 3062 participants (Figure 2). All research that was
labeled in the study as DR, NPDR, or PDR was considered
DR. Significant heterogeneity was high (P<0.1, 1*>50%).
According to the results, individuals with DR had higher
levels of Hcy than healthy controls (total MD: 1.78, 95%CI:

1.02 to 2.54, Z=4.60, P<0.01). There are nine articles with
the DR classification of NPDR or PDR. The variation in
mean Hcy values between NPDR and PDR is seen in Figure
3. The forest plot showed that the PDR had a substantially
greater Hey content than the NPDR (total MD: 1.85, 95%CI:
0.70 to 3.00, P<0.01). The Hcy level in the NPDR vs. NDR
group is shown in Figure 4 (total MD: 0.59, 95%CI 0.33 to
0.85, P=0.21). The Hcy levels of the DR and Control groups
are shown in Figure 5. (total MD: 5.19, 95%CI 2.46 to 7.93,
P<0.01).
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DR NDR Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random,95% Cl IV, Random, 95% CI
Brazionis 2008 105 3556 48 9.2 2963 120 B.7% 1.30[0.16, 2.44] —
Chen 2010 10014 6.47 898 835 6.02 45 5.6% 1.79[-0.43, 4.01] T
Fotiou 2014 163 3778 65 111 3.037 T4 8.7% 5.20 [4.08, 6.35) —
Goldstein 2004 16.07 707 117 1346 5827 62 6.3% 1.61 [-0.33, 3.54] T
Gupta 2018 17.98 B.26 3| 177 817 ki) 37% 0.27 [F2.96, 3.50] N
He 2020 11.52 252 45 1131 225 T2 9.4% 0.21 [-0.69,1.11] T
Li 2021 14.53 315 a0 1176 243 40 9.0% 2TT[1.73,381)] -
Looker 2003 9.75 15 102 923 06 279 106% 0.52[0.22, 082 ™
Malaguarnera 2014 16.28 6.44 126 121 6.8 a0 57% 4.18[1.98,6.38] -
Mouyen 2008 4.9 25185 278 8.8 2.7407 643 10E6% 0.10[-0.26, 0.48) T
Srivastay 2016 29.84 6.05 40 2712 1.05 20 6.4% 263 [0.70, 4.56] -
Stahler 1999 10 33 218 9.5 43 223 9.9% 0.50 [F0.21,1.21] ™
Tomit 2022 193 1113 25 141 1528 Jate] 1.5%  6.20[0.48, 1088 h
Yang 2002 147 5.3 16 1.3 49 39 4.0% 340038, 642
Total (95% CI) 1286 1776 100.0% 1.78[1.02, 2.54] *>
Heterogensity: Tau® = 1.38; Chi*= 109.33, df=13 (F = 0.00001); F= £8% — 1 f t

Test for overall effect: 2= 4.60 (F < 0.00001) Favours [DR] Favours (MDR]

Figure 2. The woodland parcel of Hcy situated between the DR and NDR groups.

PDR NPDR Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chen 2010 1097 745 46 8923 512 42 9.8% 1.74 [-0.91, 4.39] |
Fotiou 2014 18.7 4.074 28 155 4148 36 121% 3200119, 52] e
Goldstein 2004 14.86 9.088 46 1456 5393 1 8.6% 1.30 [1.61, 4.21] 7
He 2020 1132 271 18 1165 243 27 14.2% -0.33[1.88,1.29] T
Li 2021 14.65 31 41 1335 278 38 15.4% 2.30[1.01, 2.49] -
Looker 2003 9.89 2252 23871 1222 79 16.9% 018 [-0.78,1.14] -
Malaguarnera 2014 18.2 56 62 144 6.7 63 11.4% 3.80[1.64, 5.98] I
Srivastav 2016 308 21 20 288 8.3 20 6.3% 1.90 [-1.85, 5.69] -1
Yang 2002 17 6.1 9 117 1.4 i 6.8% 5.30[1.16, 9.44]
Total (95% CI) 294 384 100.0% 1.85 [0.70, 3.00] -
Heterogeneity: Tau==1.81; Chi*= 24.15, df= & (P = 0.002); F= 67% 54 52 é ji

Testfor overall effect Z= 3.15 (P = 0.002) Favours [PDR] Favours [NPDR]

Figure 3. The woodland tract of Hcy between the groups of PDR and NPDR.

NPDR NDR Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chen 2010 923 5132 42 835 6.02 45 1.3% 0.88[1.46, 3.22] -
Goldstein 2004 1446 5393 T1 1346 5817 62 1.9% 110[0.82 3.02] T
Liz021 1335 278 39 1176 253 40 1% 1.59[0.42, 2.76] —
Looker 2003 971 1.222 79 923 06 279 B8958% 0.45[0.20,0.76] .
Malaguarnera 2014 144 6.7 63 121 6.8 a0 14%  230[0.21,4.81] T
Srivastay 2016 28.9 8.3 20 2722 1.05 20 048% 1.68[1.99 534 I
Taormié 2022 193 1113 25 141 1528 B9 0.2% 5.20[-0.46 10.86] T
Total (95% CI) 339 565 100.0%  0.59 [0.33, 0.85] +
Heterogeneity Ghi*= 8.40, df= 6 (P = 0.21); F= 20% T * p A
Test for overall effect: Z= 4.38 (P = 0.0001) Favours [NPDR] Favours [NDR]

Figure 4. The Hcy woodland parcel between the NPDR and NDR groups.

DR Controls Mean Difference Mean Difference
Study or Subgroup __Mean _SD_Total Mean _ SD Total Weight [V, Random. 95% C1 IV, Random, 95% Cl
Chen 2010 1014 647 88 Y85 1.88 40 17.E% 2.29[0.82, 3.76] -
Goldstein 2004 19.07 7.07 117 1175 2998 1586 17.7% 3.32[1.96, 4.68] -
He 2020 11.62 242 456 10,44 209 TE 18.2% 1.08[0.21,1.95]
Malaguarnera 2014 16.28 644 125 T8 6.4 20 17T1% 8.48 [6.68, 10.29] —
Stivastay 2016 29.85 6.05 40 1712 7 20 140% 1273[913,16.33] -
fang 2002 147 863 16 97 27 19 16.4% 6.00[2.13,7.87] -
Total (95% CI) 431 391 100.0% 5.19[2.46,7.93] e

40 -5 0 & 10
Favours [OR] Favours [Controls]

Heterogeneity: Taw®=10.50; Chi*= 85.26, df= 5 (P = 0.00001); F=84%
Testfor overall effect 2= 372 (F=00002)

Figure 5. The Hcy woodland plot between the DR and Controls groups.

experimental groups followed the same trend as the comparison
between DR and NDR in subgroup comparisons between PDR

The effects of DR and NDR are contrasted in Figure 6. Most ~ and NPDR. Figure 7 illustrates how the heterogeneity of
subgroup analyses still showed evidence of heterogeneity ~ Mumerous subgroups in PDI; and NPDR considerably reduced,
(P<0.1, >>50%). The DR group exhibited substantially higher ~ in¢luding plasma (P=0.23, I"=39%). Particularly, there was no
Hey levels than the NDR group, with the exception of the ~heterogeneity in America (P; 0.47, I" = 0%), Europe (P=0.69, I
Oceania subgroup (subtotal MD: 0.57, 95%CI -0.58 to 1.72,  ~0%), or ELISA (P=0.92, I" =0%) displayed no heterogeneity.
7-0.98, P=0.33) and FPIA subgroup (subtotal MD: 3.25, Various subgroups' forest plots showed a little increase in Hey
95%CI -0.57 to 7.07, Z=1.67, P=0.10). The outcome of two levels between the PDR and NPDR eras. The level of
heterogeneity was equivalent to that of DR and NDR in a
different subgroup analysis of NPDR and NDR in Figure 8 (P<

3.3. Findings from Subgroup Analysis

exceptions was the same since both included one same article.
The difference in Hcy levels between the control and
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0.1, I>> 50%). Comparable results are shown for the DR and

DR NDR

Control groups in Figure 9 (P<0.1, >>50%).

Mean Difference

Study or Subgroup  Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI

2.1.1 Serum

Chen 2010 10.14 6.47 a8 835 6.02 45
Fotiou 2014 163 3.778 B5 111 3037 7h
Gupta 2018 17.08 B.26 a9 177 817 39
He 2020 11.52 282 45 11.31 228 72
Li 2021 14.53 318 80 11.76 2.83 40
Looker 2003 9.74 14 102 923 06 278
Srivastay 2016 29.85 6.05 40 2722 1.08 20
Stabler 1993 10 33 218 9.4 43 223
Subtotal (95% CIy 677 793

Heterogeneity: Tau®= 218, Chi®= 79.74, df= 7 (F = 0.00001); F=91%
Testfor overall effect: 7= 3.00 (P = 0.003)

2.1.2 Plasma

Brazionis 2008 108 3556 48 82 2963 120
Goldstein 2004 15.07 707 117 1346 6827 B2
Malaguarnera 2014 16.28 644 125 121 6.8 a0
MyLyen 2009 88 25185 278 8.8 27407 643
Yang 2002 147 63 16 113 44 39
Subtotal (95% Cly 584 914

Heterogeneity: Tau®= 1.90; Chi®= 21.68, df= 4 (F = 0.0002), F=82%
Testfor overall effect Z=2.43 (P = 0.02)

2.1.3 Blood
Tarmit 2022 183 1113 25 141 14328 69
Subtotal (95% Cl) 25 69

Heterogensity: Mot applicable
Testfor overall effect Z=1.80 (F = 0.07)

2.1.4 America

Goldstein 2004 15.07 707 117 1346 5827 B2
Looker 2003 9.74 15 102 923 06 279
Stabler 1999 10 33 28 9.8 43 223
Subtotal (95% CI) 437 564
Heterogeneity Tau®= 0.00; Chi*=1.20, df= 2 (P =0.55), F= 0%
Testfor overall effect 2= 3.96 (P = 0.0001)

2.1.5 Europe

Fotiou 2014 163 3778 B5 111 2037 75
Malaguarnera 2014 16.28 644 125 121 6.8 50
Tomié 2022 193 1113 25 141 14328 [}
Subtotal (95% Cly 215 194
Heterogeneity: Tau®= 0.00; Chi*= 0.66, df= 2 (P=072),F=0%
Testfor overall effect; Z=9.77 (P = 0.00001)

2.1.6 Asia

Chen 2010 10.14 6.47 a8 8.35 6.02 45
Gupta 2018 17.98 B.26 39 177 817 349
He 2020 11.52 252 45 11.31 225 T2
Li 2021 14.53 318 20 11.76 252 40
Srivastay 2018 29.85 6.05 40 27.22 1.08 20
‘fang 2002 147 5.3 168 113 449 39
Subtotal (95% Cly 308 255

Heterogeneity: Tau®= 1.61, Chi*=17.01, df = 5 (P = 0.004); F= 71%
Testfor overall effect; Z= 2.73 (P = 0.008)

2.1.7 Oceania

Brazionis 2008 105  3.556 48 9.2 2082 120
Mguyen 2009 8.0 25185 278 8.8 27407 642
Subtotal (95% Cl) 326 763

Heterogeneity: Tau®= 0.53, Chi*= 3.88, df=1 (F=0.05), F=74%
Testfor overall effect: Z=0.98 (P = 0.33)

2.1.8 FPIA

Brazionis 2008 106 3.556 48 9.2 2863 120
Fotiou 2014 163 3778 B& 111 3037 T
Subtotal (95% CIy 113 195

Heterogeneity: Tau®= 7.27, Chi®= 22,40, df= 1 (P = 0.00001); F= 96%
Testfor overall effect Z=167 (P=010)

2.1.9 ELISA

Chen 2010 10.14 B.47 88 8.35 602 45
Li 2021 14.53 318 80 11.76 2.83 40
Srivastay 2016 29.85 6.05 40 2722 1.08 20
Subtotal (95% CIy 208 105

Heterageneity: Tau®= 0.00; Chi*= 061, df= 2 {F=0.74), F=0%
Testfor overall effect: Z= 6.00 (P = 0.00001)

21,10 HPLC

Goldstein 2004 15.07 TO7 117 1346 6827 B2
Looker 2003 §9.74 14 102 923 06 278
‘fang 2002 147 63 16 113 449 39
Subtotal (95% CI) 235 380

Heterogeneity: Tau®= 0.92; Chi*= 4,59, df= 2 {F=0.10); F= 56%
Testfor overall effect Z=1.77 (P = 0.08)

2.1.11 Other

Gupta 2018 17.98 6.26 38 177 817 39
He 2020 11.62 242 45 11.31 224 72
Malaguarnera 2014 16.28 644 125 121 6.8 a0
MyLyen 2009 88 25185 278 8.8 27407 643
Stabler 1999 10 33 e 9.4 43 223
Tomié 2022 183 1113 25 141 15328 B9
Subtotal (95% Cly 730 1096

Heterogeneity: Tau®= 0.54; Chi*=16.33, df= 4 (P = 0.006); F= 69%
Testfor overall effect Z=1.78 (P = 0.07)

Total (95% Cl) 3858

1.8%
2.0%
11%
3%
30%
38%
20%
34%
21.2%

2.9%
2.0%
1.8%
3T%
1.2%
1M.7%

0.4%
0.4%

2.0%
3.8%
3.4%
9.2%

2.8%
1.8%
0.4%
5.1%

1.8%
11%
3.2%
3.0%
2.0%
1.2%
12.3%

2.0%
7%
6.7%

2.9%
2.9%
5.8%

1.8%
3.0%
2.0%
6.8%

2.0%
3.8%
1.2%
7.0%

1.1%
32%
1.8%
3T%
34%
0.4%
13.7%

5328 100.0%

Heterogeneity: Taw®= 1.08; Chi*= 328.00, df= 41 (P < 0.00001);, F=87%

Testfor overall effect: Z=8.53 (P = 0.00001)

Testfor subgroun differences: Chi*= 84.02. df= 10 (F < 0.00001). F= 89.4%

Mean Difference
IV, Random. 95% CI

Association Between the Level of Homocysteine and Diabetic Retinopathy Among Type 2

1.79[0.43, 4.01]
5.20[4.05 6.25]
0.27 [2.08, 2.50]
0.21 [0.63,1.11]
277 [1.73,381]
0.52[0.22,083
263 [0.70, 4.56]
060 [0.21,1.21]
1.76 [0.61, 2.91]

130(0.16, 2 44]
161 033,356
418[1.98, .38]
010 [0.26, 0.46]
3.40(0.38, .43
1.78[0.34,3.21]

5.20 [-0.46, 10.86]
5.20[-0.46, 10.86]

1.61[0.33, 259
0.52[0.22,083]
0.50[0.21,1.21]
0.54[0.27,0.81]
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4.18[1.98, 639
5.20 [-0.46, 10.88]
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Figure 6. The forest plot of Hcy between various sample, location, and detection technique subgroups of DR and NDR.
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PDR NPDR

Study or Subgroup Mean SD_Total Mean

2.2.1 Serum

Chen 2010 1097 745 46 923 512 42
Fotiow 2014 18.7 4.074 29 1545 41438 36
He 2020 1132 271 18 11.685 243 27
Lizo21 15.65 31 41 1335 278 39
Looker 2003 G898 2242 23971 1.222 |
Srivastav 2016 0.8 21 20 2849 2.3 20
Subtatal (95% CI) 177 243

Heterogeneity: Tau?=1.35; Chi*= 14 66, df =5 (P = 0.01}; I*= 66%
Testfor overall effect 2= 216 (P =0.03)

2.2.2 Plasma

Goldstein 2004 15.86 5.088 46 1486 53493 71
Malaguarnera 2014 18.2 5.6 62 144 6.7 63
Yang 2002 17 6.1 9 1.7 1.4 7
Subtotal (95% CI) 117 141
Heterogeneity: Tau*=1.04; Chi*= 292, df =2 (P=023};P=31%
Testfar overall effect: Z= 315 (F = 0.002)

2.2.3 America

Goldstein 2004 15.86 59.088 46 1456 5393 71
Looker 2003 9858 2242 23971 1.222 ¥4
Subtotal (95% CI) 69 150
Heterogeneity, Tau*=0.00; Chi*= 091, df=1 (P=047), F=0%
Testfor overall effect Z= 062 {F=0.53)

2.2.4 Europe

Fatiou 2014 18.7 4.074 29 1445 4148 36
Malaguarnera 2014 182 4.6 62 144 6.7 63
Subtotal (95% CI) 91 99
Heterogeneity: Tau®=0.00; Chi#= 016, df=1 (P =0.68), F=0%
Test for overall effect: Z= 4 63 (P = 0.00001)

2.2.5 Asia

Chen 2010 10897 745 46 523 512 42
He 2020 1132 271 18 1165 243 27
Liz021 15.65 31 41 1335 278 38
Stivastaw 2016 30.8 2.1 20 2849 8.3 20
Yang 2002 17 6.1 9 1.7 14 7
Subtotal (95% CI) 134 135

Heterogeneity: Tau®=1.88; Chi*=10.14, df=4 (F=0.04); F=61%
Testfor overall effect 2= 2.09 (F=0.04)

2.2.6 FPIA

Fatiou 2014 18.7 4.074 29 1445 4148 36
Subtotal (95% CI) 29 36
Heterogeneity: Mot applicable

Testfar averall effect: 2= 312 (P = 0.002)

2.2.7T ELISA

Chen 2010 1097 745 46 823 912 42
Li2021 16,65 3 41 1335 278 a4
Srivastav 2016 0.8 21 20 2849 2.3 20
Subtatal (95% CI) 107 101

Heterogeneity: Tau= 0.00; Chi*= 016, df= 2 (P =092}, F=0%
Test for overall effect: Z= 3.84 (P = 0.0001)

2.2.8 HPLC

Goldstein 2004 15.86 5.088 46 1486 5393 71
Looker 2003 9.89 2,242 23871 1222 79
‘fang 2002 17 6.1 9 117 1.4 T
Subtotal (95% CI) 78 157

Heterogeneity: Tau®= 3.22; Chi*= 584, df= 2 (P = 0.05); I*= 6%
Testfar averall effect: Z=1.26 (P = 0.21}

2.2.9 Other

He 2020 1132 271 18 11.65 243 27
Malaguarnera 2014 18.2 5.6 62 144 6.7 63
Subtotal (95% CI) a0 90

Heterogeneity, Tau= 7.61; Chi*=9.24, df=1 (P=0.002}; F= 89%
Testfor overall effect Z=081 {F=0.42)

Total (95% CI) 882
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Heterogeneity, Tau? = 1.47; Chi*= 72.45, df= 26 (P = 0.00001); P = 64%

Testfor overall effect: 2= 5.71 (P = 0.00001)

Testfor subaroun diferences: Chi*= 20.29. df= 8 (P = 0.009. F=60.6%

Mean Difference

SD Total Weight V. Random, 95% CI

Mean Difference
IV, Random, 95% CI

1.74 F0.81, 4.39]
3.20[1.18, 5.21]
-0.3311.88,1.22)
2.30[1.01, 3.59]
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Figure 7. The forest plot of Hcy between various PDR and NPDR sample, location, and detection technique subgroups.
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NPDR NDR Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random. 95% CI
2.3.1 Serum
Chen 2010 9323 512 42 B35 602 45 1.1% 0.88[-1.46,3.22] I
Li 2021 1335 278 39 1176 2583 40 4.0% 1.591[0.42, 2.76] -
Looker 2003 971 1.222 79 923 0B 273 251% 0.48[0.20, 0.76] =
Srivastay 2016 2849 8.3 20 2722 105 20 0.4% 1.68[-1.89, 5.35] ]
Subtotal (95% CI) 180 384 30.6% 0.74[0.17, 1.32] &

Heterogeneity: Tau®= 0.10; Chi®= 3.70, df=3 (F=0.30); F= 19%
Test for overall effect: Z= 2.52 (P =0.01)

2.3.2 Plasma

Goldstein 2004 1456 5393 71 1346 5827 G2 1.6% 1.10[-0.82, 3.02] I
Malaguarnera 2014 14.4 6.7 B3 1241 6.8 a0 0.9% 2.30[-0.21, 4.81] T
Subtotal (95% CI) 134 112 2.5% 1.54 [0.02, 3.07] >

Heterogeneity: Tau®= 0.00; Chi®=0.55, df=1 (P = 0.48);, F= 0%
Testfor overall effect. £=1.93 (F=0.09)

2.3.3 Blood
Torni¢ 2022 183 1113 25 141 14328 ozl 0.2% 520046, 10.86]
Subtotal (95% CI) 25 69 0.2% 5.20[-0.46, 10.86] e ——

Heterogeneity, Mot applicable
Testfor overall effect. £=1.80(F=0.07)

2.3.4 America

3oldstein 2004 1456 51393 71 1348 5827 62 1.6%  1.10[082 307 -
Looker 2003 a7l 1222 79 923 0B 279 251% 0.48 [0.20, 0.76] -
Subtotal (95% Cl) 150 341 26.7%  0.49[0.22,0.77] +

Heterogeneity: Tau*=0.00; Chi*= 039, df=1 {P=053), F=0%
Test for overall effect: Z= 3.50 (F = 0.0005)

2.3.5 Europe

Malaguarnera 2014 144 6.7 63 121 6.8 50 0.9% 2.30[-0.21, 4.81] I
Tormié 2022 193 1113 25 141 1528 69 0.2%  5.20[-0.46, 10.86]

Subtotal (95% CI) 88 119 1.1% 2.78[0.48, 5.07] -

Heterageneity: Tau®= 0.00; Chi*=0.84, df=1 (P = 0.36); F=0%
Testfor overall effect. £= 237 (F=0.02)

2.3.6 Asia

Chen 2010 923 512 42 835 602 45 11% 0.88[-1.46, 3.22] I
Liz2021 1335 278 39 1176 253 40 4.0% 1.59[0.42, 2.76] _—
Srivastay 2016 2849 8.3 20 2722 105 20 0.4% 1.68[-1.89,5.35] ]
Subtotal (95% CI) 101 105 5.5% 1.47 [0.46, 2.47] <

Heterageneity: Tau®= 0.00; Chi*=0.30, df= 2 (F = 0.86); F=0%
Test for overall effect, Z= 2.85 (P =0.004)

2.3.7 ELISA

Chen 2010 823 512 42 835 602 45 11%  0.8B[1.46 327 —_
Li 2021 1335 278 38 1176 253 40 40% 1.59[0.42, 2. 78] —
Stivastay 2016 289 B3 20 2722 105 20 04%  1.6GB[-1.89 535 —
Subtotal (95% Cl) 101 105 55% 147 [0.46, 2.47] &>

Heterogeneity: Tau®*=0.00; Chi*= 0.30, df= 2 (P=0.86), F= 0%
Test for overall effect: Z= 2.85 (P =0.004)

2.3.8HPLC

Goldstein 2004 1456 5.393 71 1346 5827 62 1.6% 1.10[-0.82, 3.02] T
Looker 2003 9.71 1.222 79 8323 08 279 251% 0.48[0.20,0.76] =
Subtotal (95% CI) 150 31 26.7% 0.49[0.22,0.77] +

Heterogeneity: Tau®=0.00; Chi*=0.39, df=1 (P =053} F=0%
Testfor overall effect. £= 3.50 (F = 0.000%)

2.3.9 Other

Malaguarnera 2014 14.4 6.7 B3 1241 6.8 a0 0.9% 2.30[-0.21, 4.81] I
Tornit 2022 193 1113 25 141 1528 69 0.2%  5.20[-0.46, 10.86]

Subtotal (95% CI) 88 119 1.1% 2.78[0.48, 5.07] ~l

Heterogeneity, Tau*=0.00; Chi*=0.84, df=1 (P=0.36), F=0%
Test for overall effect Z= 237 (F=002)

Total (95% CI) 1017 1695 100.0% 0.75[0.50, 1.00] ¢

Heterogeneity: Tau®=0.04; Chi*= 2619, df= 20 (P=01%9); F=21% _1'0 ’5 b é 1'0
Test for overall effect, Z=5.94 (P = 0.00001) R e 1r [
Testfor suboroun differences: ChiF=17.92 df=8 (P= 002 F=55.4% Favours [NPDR]  Favours [NDR]

Figure 8. The forest plot of Hcy between various sample, location, and detection technique subgroups of NPDR and NDR.
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DR Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight I, Random, 95% CI IV, Random, 95% CI
2.4.1 Serum
Chen 2010 10.14 B.47 88 785 186 40 5.9% 2.29[0.82, 3.76] -
He 2020 11.82 2.52 45 10,44 2.09 TG B.2% 1.08 [0.21, 1.95] ~
Srivastay 2016 29.85 B.04 40 1712 7 20 4.8% 1273913, 16.33] -
Subtotal (95% CI) 173 136 16.6% 4.84 [0.76, 8.93] o
Heterogeneity: Tau®=11.82; Chi®= 3850, df= 2 {P = 0.00001); F= 95%
Testfor overall effect £= 2,32 (P=0.02)
2.4.2 Plasma
Goldstein 2004 15.07 F.07 117 1175 24998 196 B.0% 3.32[1.96, 4.68] -
Malaguarnera 2014 16.28 644 125 T8 6.4 a0 A.7% 8.48 [6.68, 10.28] I
Yang 2002 147 &3 16 a7 2T 19 5.0% A.00([213,7.87] I
Subtotal (95% CI) 258 255 16.7% 5.59 [2.09, 9.09] -
Heterogeneity: Tau® = 8.46; Chi*= 20,06, df= 2 (F = 0.0001); F=90%
Testfor overall effect: Z=313 (P=0.002)
2.4.3 America
Goldstein 2004 1507 707 117 1175 24998 156 6.0% 3.32[1.96, 4.68] -
Subtotal (95% CI) 117 156 6.0% 3.32[1.96, 4.68] . 4
Heterageneity: Mot applicable
Testfor overall effect: Z=4.77 (P = 0.00001)
2.4.4 Europe
Malaguarnera 2014 16.28 644 125 T8 6.4 a0 A.7% 8.48 [6.68, 10.28] —
Subtotal (95% CI) 125 80 5.7%  8.48[6.68, 10.28] -t
Heterogeneity, Mot applicahle
Testfor overall effect: £= 923 (P = 0.000013%
2.4.5 Asia
Chen 2010 10.14 6.47 88 785 1.86 40 A.9% 2.29[0.82, 3.76] -
He 2020 11.62 2.52 45 1044 2.09 76 6.2% 1.08[0.21,1.95] ™
Srivastay 2016 2985 B.0A 40 1712 7 20 4.8% 12.73[9.13,16.33] I
Yang 2002 147 &3 16 a7 2.7 19 a.0% A.00([213,7.87] -
Subtotal (95% CI) 189 155 21.6% 4.84 [1.45, 8.23] -
Heterogeneity: Tau®=10.54; Chi®= 42 80, df= 3 {P = 0.00001); F= 93%
Testfor overall effect; £= 2.80 (P = 0.004)
2.4.6 ELISA
Chen 2010 10.14 B.47 88 785 186 40 5.9% 2.29[0.82, 3.76] -
Srivastay 2016 29.85 B.04 40 1712 7 20 4.8% 1273913, 16.33] -
Subtotal (95% CI) 128 60 104% 7.38[-2.85, 17.60] e R e —
Heterogeneity: Tau®= 5253, Chi*= 2775, df=1 (P = 0.00001); F= 96%
Testfor overall effect £=1.41 (P=0.16)
2.4.7 HPLC
Goldstein 2004 15.07 707 117 1175 24998 1496 B.0% 3.32[1.96, 4.68] -
Yang 2002 147 43 16 a7 2.7 19 A.0% A.00([213,7.87] -
Subtotal (95% CI) 133 175  11.0% 3.67 [2.33, 5.00] L
Heterogeneity, Tau*=0.10; Chi*=1.08, df=1 (P =0.30); F=7%
Testfor overall effect: £= 939 (P = 0.000013%
2.4.8 Other
He 2020 11.52 2.52 45 10,44  2.09 76 B.2% 1.08 [0.21, 1.99] I~
Malaguarnera 2014 16.28 644 125 T8 6.4 a0 A7T% 848 [6.68,10.28] —
Subtotal (95% CI) 170 156 11.9% 4.74[-2.51, 11.99] = n—
Heterogeneity: Tau®= 26,86, Chi®= 5243, df=1 (P = 0.00001}); F= 98%
Testfor averall effect Z=1.28 (P = 0.20)
Total (95% CI) 1293 1173 100.0% 5.13[3.72, 6.54] &

Heterogeneity: Tau®= 8,15, Chi*= 255,75, df=17 (P = 0.00001}; F= 93%
Testfor overall effect: Z=7.14 (P = 0.00001}
Testfor subaroup differences: Chif= 2368 df=7 (F=0001". F=70.4%

0 5 0 &5 10
Favours [DR] Favours [Control]

Figure 9. The forest plot of Hcy between various sample, location, and detection technique subgroups of the DR and Control groups.

L. . . data of DR-NDR from the 14 included publications, we
3.4. Publication Bias Evaluation included in the analysis data of PDR-NPDR and NPDR-NDR
from the studies that were categorized as DR, NPDR, or PDR.

We conducted a funnel plot analysis to determine the S
The outcome demonstrated that the distribution of research

publication bias among the included papers. In addition to the
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was manifestly asymmetric, therefore considerable  publication bias was identified (Figure 10).
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Figure 10. The funnel plot of the articles covered.

4. Discussion

Numerous research have examined the link between Hcy
and DR, but their findings are conflicting. This Meta-analysis
examined the relationships between Hcy and DR in order to
reach a conclusion of high relevance. To demonstrate its
association with DR, we first reviewed fourteen studies
comparing DR and NDR. After the data from these papers
were entered into Revman, forest plots revealed an increase in
Hcy levels in DR relative to DWR. From PDR to NPDR and
NPDR to NDR, the levels of Hcy were shown to have
increased significantly. In other words, as the illness advances,
the quantity of Hey increases, indicating that a high Hcy level
is a risk factor for the development of DR. The subgroup
analysis revealed that the DR group had considerably higher
Hcy levels than the NDR group. And the PDR against NPDR
and NPDR versus NDR groups had identical outcomes. DR is
one of the chronic microvascular consequences of DM in the
eye, resulting in an increasing frequency of impaired vision
and even blindness among diabetes patients. DR is the leading
cause of blindness in adults of working age. Development and
progression of DR is a complex process involving several
molecular and biochemical pathways, whose interactions alter
the internal environmental stability of retinal vasculature and
cells. According to the pathophysiological mechanisms of DR
development and progression, vascular endothelial growth
factor (VEGF) is thought to be an important factor mediating
the pathophysiological changes in DR, both in the
proliferative phase of neovascularization and in the
non-proliferative phase of diabetic macular edema, resulting
in the development of anti-VEGF therapies, which have been

rapidly promoted in the field of DR treatment [23].
Homocysteine is toxic to the vascular endothelium and
promotes thrombosis; consequently, it may have a role in
exacerbating the hypoxic condition found in diabetic
retinopathy via increasing capillary bed closure [24].
Therefore, we believe that Hcy may induce vascular
endothelial injury, resulting in increased VEGF secretion.
Notably, dyslipidemia (primarily hypertriglyceridemia and
low high-density lipoprotein cholesterol levels) is favorably
linked with blood homocysteine levels [25]. Endoplasmic
reticulum stress caused by Hcy leads deregulation of the
cholesterol and triglyceride biosynthesis pathways, resulting
in abnormal lipid metabolism [26, 27]. According to the
Chinese clinical recommendations for the treatment of DR,
dyslipidemia is a risk factor for the onset of DR. This provides
more evidence that increased Hcy plays a crucial role in the
development of the DR.

Despite the results obtained, this Meta-analysis has a
number of drawbacks. First, there was substantial variability
since the studies used a variety of techniques; consequently,
care should be exercised when drawing generalizations.
Second, the number of studies included in this Meta-analysis
is modest. Thirdly, several included studies lacked essential
information, such as the technique for determining the
concentration of Hcy. And the funnel plot was asymmetrical,
suggesting that the papers supporting insignificance may not
have been published or were unavailable for the
meta-analysis. In addition, conference proceedings were
omitted, thus we may have overlooked some small
unpublished findings. In addition, the assessment of Hcy
levels in plasma or serum is not consistent among the
included studies, and a variety of assays have been utilized in
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earlier research. Consequently, a detection bias cannot be
ruled out entirely in our analyses.

5. Conclusion

In conclusion, according to the paper's Meta-analysis, there
is an association between increasing Hcy levels and DR in
T2DM patients, despite the contradictory perspectives of
several research. For this reason, a future investigation with a
large sample size is required to corroborate the results.
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