@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

EXPERIMENTAL AND THERAPEUTIC MEDICINE 18: 4499-4509, 2019

Meta-analysis of the association between aldose reductase gene
(CA)n microsatellite variants and risk of diabetic retinopathy

WENSHENG MI'?, YAN XIA'? and YANHUI BIAN'?

1Department of Pathophysiology, School of Basic Medical Science,

Changsha Medical University; 2Department of Human Anatomy, Histology and Embryology,
Institute of Neuroscience, Changsha Medical University, Changsha, Hunan 410219, P.R. China

Received February 23,2019; Accepted August 20, 2019

DOI: 10.3892/etm.2019.8086

Abstract. Diabetic retinopathy (DR) is one of the most severe
microvascular complications of diabetes mellitus (DM). The
(CA)n microsatellite variation of the aldose reductase (ALR)
gene has been indicated to be associated with DR in previous
studies; however, the results were inconclusive. To provide
a more precise evaluation of the association between the
(CA)n variations of ALR and the risk for DR, a meta-analysis
was performed in the present study. Relevant articles were
retrieved from the PubMed, Embase, Chinese National
Knowledge Infrastructure and Cochrane Library databases.
Pooled odds ratios (ORs) and 95% confidence intervals (CIs)
were used to evaluate the strength of the associations. The
present meta-analysis included 17 studies comprising 1,575
DM patients with retinopathy and 1,741 DM patients without
retinopathy. The results indicated that the Z-2 allele was a risk
factor for DR in Asian (OR=1.82,95% CI: 1.16-2.86, P=0.009)
and Caucasian (OR=2.08, 95% CI: 1.14-3.79, P=0.02) popula-
tions, as well as in type 1 diabetes (T1D; OR=3.42, 95% CI:
1.46-8.04, P=0.005) and type 2 diabetes (T2D; OR=1.66, 95%
CI: 1.05-2.63, P=0.03). Furthermore, the Z+2 allele was deter-
mined to be a protective factor for DR in Caucasian individuals
(OR=0.50, 95% CI: 0.34-0.73, P=0.0004) and those with T1D
(OR=0.39, 95% CI: 0.27-0.57, P<0.00001). Z+4 was also
identified to be a protective factor, reducing the risk of DR in
patients with TID (OR=0.74, 95% CI: 0.57-0.96, P=0.02). Z-4
was revealed to be a risk factor for DR in Asian populations
(OR=1.57, 95% CI: 1.22-2.03, P=0.0005) and in individuals
with T1D (OR=1.62, 95% CI: 1.27-2.08, P=0.0001). However,
no association was detected between the Z, Z+6 and Z-6 alleles
and the risk of DR (P>0.05). In conclusion, the present results
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revealed the following: Z+2 may serve as a protective factor
for DR in Caucasian individuals and those with T1D; Z+4
may be a protective factor for DR in patients with T2D; Z-2
may represent a risk factor for DR in all subgroups analyzed;
and Z-4 may be a risk factor for DR in Asian populations and
patients with T2D.

Introduction

Diabetic retinopathy (DR) is one of the major microvascular
complications of diabetes mellitus (DM), including type 1
diabetes (T1D) and type 2 diabetes (T2D). It is one of the
leading causes of blindness in patients with DM worldwide,
particularly in industrialized countries (1,2). In addition to
hypertension and the duration of diabetes, chronic hypergly-
caemia has been considered to be the major risk factor for the
development of microvascular complications in patients with
diabetes (3). Pedigree studies have indicated the presence
of genetic influences in the development of these complica-
tions (4,5). Recently, genome-wide linkage analyses have
begun to identify possible genetic associations with DR. A
number of candidate genes have been investigated, including
vascular endothelial growth factor (6), monocyte chemoat-
tractant protein-1 (7), vitamin D receptor (8), aldehyde
dehydrogenease 2 (9) and aldose reductase [ALR; also known
as aldoketo reductase family 1, member B1 (ALDR1)] (10,11).

ALR is the first and rate-limiting enzyme in the human
polyol pathway, which occurs under hyperglycemic condi-
tions (12). Excessive flux of glucose via the polyol pathway has
been implicated in the pathogenesis of diabetic microvascular
complications (13). The ALR gene, located on chromosome
7935, extends over ~18 kb and consists of 10 exons that give
rise to a 1,384-nucleotide mRNA sequence, which encodes a
316-amino-acid protein of 35,858 Da (14). It has been reported
as a candidate locus for diabetic nephropathy (15,16). Previous
candidate-gene studies and meta-analyses have examined the
hypothesis that two common ALR gene variants, including
106C/T and (CA)n, are associated with the risk of DR (17-20).
(CA)n is a microsatellite variant located 2.1 kb upstream of
the ALR transcription initiation site that has been intensively
studied. It has been demonstrated that (CA)n may cause
increased enzyme levels or activity, thus contributing to
diabetic nephropathy and DR (21-23). The Z-2 allele of the
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(CA)n ALR variant was determined to be associated with DR
in Caucasian patients with T1D (24), in Chinese patients with
T2D (25) and in Tunisian individuals (26). However, negative
results were also reported in populations from Brazil (27) and
Korea (28). For the Z+2 allele, significant associations were
detected in Chinese (29), Tunisian (26) and Australian (24)
populations, but not in Korean (28), Caucasian (30) and
Brazilian (27) individuals.

Considering the relatively small sample size in individual
studies and controversial results among others, the present
study aimed to provide a more accurate evaluation of the asso-
ciation between (CA)n ALR variants and the risk of DR. A
meta-analysis was performed to assess the association between
ALR (CA)n variation (Z,Z-2/7+2,7-4/7+4,7-6/Z+6) and the
susceptibility to DR.

Materials and methods

Search strategy. The meta-analysis of the present study followed
the Cochrane collaboration definition (31) and PRISMA 2009
guidelines for meta-analyses and systematic reviews (32). A
literature search was performed using the PubMed, Embase,
Chinese National Knowledge Infrastructure (CNKI) and
Cochrane Library databases. Studies investigating associa-
tions between ALR (CA)n variations and the risk for DR were
identified using the following keywords: ‘aldose reductase’,
‘ALR’, ‘ALDRY’, ‘ADR’, ‘AR’, ‘aldoketo reductase family 1°,
‘AKRI1BY’, ‘polymorphism’, ‘variant’, ‘diabetic retinopathy’
and ‘DR’. No language restriction was applied. The search
included articles published until August 10, 2018. Additional
eligible studies were retrieved manually.

Studies were included if the following applied: i) A
case-control design that included diabetes with retinopathy
and diabetes without retinopathy, separately; ii) adequate data
to calculate odds ratios (ORs) and 95% confidence intervals
(CIs); iii) evaluation of the association between ALR (CA)n
variation and DR risk.

The following exclusion criteria were applied: Studies were
excluded if they: i) Did not include the genetic association of
ALR (CA)n variation and risk of DR; ii) were duplicates of
studies, or letters, dissertations, abstracts or reviews; iii) lacked
sufficient data for the determination of genotype frequencies.

Data extraction and quality assessment. The following terms
were extracted from each eligible study: First author, year, age,
percentage of males, disease duration, glycated hemoglobin,
type of DM (T1D or T2D), number of patients with diabetes
with retinopathy or without retinopathy. Two authors (YX
and YB) independently extracted the above information. Any
disagreement was resolved by discussion. The quality of each
study was assessed by using the Newcastle-Ottawa Scale
(NOS) (33). The NOS uses a ‘star’ rating system to judge the
quality. The total score ranged from O (lowest quality) to 8
(highest quality). Studies with a score of =6 were considered
as being of high quality.

Statistical analysis. Statistical analyses were performed
using STATA 12.0 software (StataCorp) and Revman 5
(Cochrane Collaboration). ORs with 95% CIs were used to
assess the strength of associations between the allelic model
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Figure 1. PRISMA flow chart of study inclusion and exclusion. DR, diabetic
retinopathy; ALR, aldose reductase.

of (CA)n variation and the risk of DR. A Z-test was used to
determine the pooled ORs. The heterogeneity among studies
was evaluated by Cochrane's Q-statistic and I? statistics. A
random-effects model was used in case of significant heteroge-
neity (I>>50%, or P<0.05). Otherwise, the fixed-effects model
was used. Sensitivity analyses were also performed using the
fixed-effects model or random-effects model. A funnel plot
in addition to an Egger's and Begg's test was used to assess
potential publication bias. P<0.05 was considered to indicate
statistically significant differences.

Results

Characteristics of the published studies. As presented in Fig. 1,
672 articles met the inclusion criteria and the full articles were
retrieved from the PubMed, Embase, CNKI and Cochrane
Library databases after the initial search. A total of 243 publi-
cations were excluded due to being duplicates. After screening
the titles and abstracts, 175 publications were excluded for not
documenting the association between ALR (CA)n and DR. In
addition, 51 studies were excluded for being letters, disserta-
tions, abstracts or reviews. Finally, 17 articles were included
in the present meta-analysis (24-30,34-43). The characteristics
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Table II. Pooled ORs and 95% CIs of the association between (CA)n of aldose reductase gene and diabetic retinopathy.

Test of
Numbers Test of association heterogeneity

Allele/subgroup ~ Number of studies  Cases  Controls OR (95% CI) P-value Model P-value I? (%)

Z
Total 16 2,822 3,166 0.95 (0.84,1.08) 042 F 0.27 16
Asian 11 1,658 2,370 1.00 (0.86, 1.16) 0.98 F 0.38 6
Caucasian 5 1,164 796 0.86 (0.69, 1.06) 0.16 F 0.21 32
T1D 4 836 546 0.88 (0.67,1.15) 0.34 F 0.56 0
T2D 11 1,862 2,488 0.95 (0.83,1.10) 0.51 F 0.71 29
7Z+2
Total 17 3,150 3482 0.65 (0.49,0.88) 0.004 R <0.00001 75
Asian 12 1,986 2,686 0.73 (0.52,1.02) 0.07 R <0.00001 75
Caucasian 5 1,164 796 0.50 (0.34,0.73) 0.0004 F 0.17 38
T1D 4 836 546 0.39(0.27,0.57)  <0.00001 F 0.32 14
T2D 11 1,862 2,488 0.82 (0.60, 1.12) 0.22 R 0.0009 66
Z-2
Total 17 3,150 3482 1.90 (1.33,2.71) 0.0004 R <0.00001 84
Asian 12 1,986 2,686 1.82 (1.16,2.86) 0.009 R <0.00001 83
Caucasian 5 1,164 796 2.08 (1.14,3.79) 0.02 R <0.0001 86
T1D 4 836 546 342 (1.46,8.04) 0.005 R <0.0001 87
2D 11 1,862 2,488 1.66 (1.05,2.63) 0.03 R <0.00001 93
Z+4
Total 13 2,534 2,802 0.77 (0.61,0.97) 0.03 F 0.58 0
Asian 9 1,504 2,200 0.81 (0.62,1.05) 0.11 F 0.53 0
Caucasian 4 1,030 602 0.61 (0.35,1.06) 0.08 F 48 0
T1D 3 702 352 1.09 (0.54,2.21) 0.80 R 13 51
T2D 9 1,708 2,318 0.74 (0.57,0.96) 0.02 F 0.65 0
Z-4
Total 14 2,594 2916 1.57 (1.25,1.98) 0.0001 R 0.0003 66
Asian 10 1,564 2,314 1.57 (1.22,2.03) 0.0005 R <0.0001 76
Caucasian 4 1,030 602 1.57(0.94,2.62) 0.09 F 0.84 0
T1D 3 702 352 1.29 (0.66, 2.53) 045 R 0.13 50
T2D 11 1,768 2432 1.62 (1.27,2.08) 0.0001 R 0.0001 73
Z+6
Total 12 2,446 2,876 0.77 (0.56,1.07) 0.12 F 0.29 15
Asian 7 1,282 2,080 0.85(0.59,1.23) 0.39 F 0.11 42
Caucasian 5 1,164 796 0.54 (0.26, 1.09) 0.08 F 0.85 0
T1D 3 792 502 0.52 (0.23,1.16) 0.11 F 0.51 0
T2D 8 1,530 2,242 0.85(0.59,1.21) 0.36 F 0.16 33
7-6
Total 12 2,132 2,060 1.01 (0.63, 1.60) 0.98 F 0.52 0
Asian 7 968 1,092 1.02 (0.56, 1.85) 0.96 F 0.38 6
Caucasian 5 1,164 968 0.99 (0.48,2.06) 0.98 F 044 0
T1D 3 792 674 0.71 (0.27,1.85) 048 F 0.28 22
T2D 8 1,216 1,254 1.12 (0.65,1.93) 0.67 F 045 0

F, fixed-effects model; R, random-effects model; OR, odds ratio; CI, confidence interval; T1D, type 1 diabetes; T2D, type 2 diabetes.

of all studies included are summarized in Tables I and SI. The =~ Among them, 12 studies were performed with Asian popula-
NOS scores of all eligible studies ranged from 6 to 8 stars, tions (25,26,28,29,34-38,40-42) and 5 studies were performed
indicating high methodological quality of all of the studies. =~ with Caucasian populations (24,27,30,39,43). Furthermore,
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A Experimental Control
Demaine 2000 128 318 57 140 92%
Ichikawa1999 18 60 14 114 13%
Ikegishi 1999 18 54 25 68 29%
Isermann 2000 69 340 37 168 7.7%
Kao 1999 7 134 20 194 3.0%
Ko 1995 12 44 13 4 18%
Kumaramanickavel 2002 41 210 47 218 72%
I 2001 64 210 27 80 53%
Liu 1999 50 156 84 278 8.0%
Park 2002 78 178 35 76 54%
Petrovic 2005 79 248 67 162 10.7%
Richeti 2007 25 124 20 132 3.0%
Wang 2003 98 374 317 1102 23.0%
Zghal-Mokni 2005 47 94 24 56 29%
Zhang 2008 16 78 13 70 21%
Zou 2000 40 200 49 264 66%
Total (95% CI) 2822 3166 100.0%
Total events 790 849
Heterogeneity: Chi* = 17.84, df = 15 (P = 0.27); P = 16%
Test for overall effect: Z = 0.81 (P = 0.42)
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Chen 2013 54 328 91 316 7.7%
Demaine 2000 42 318 47 140 7.2%
Ichikawa1999 6 60 5 114 34%
Ikegishi 1999 5 54 21 68 4.1%
Isermann 2000 18 340 13 168 57%
Kao 1999 9 134 26 194 54%
Ko 1995 8 44 18 44 45%
Kumaramanickavel 2002 48 210 4 218 73%
1i 2001 56 210 19 80 6.5%
Liu 1999 42 156 66 278 7.3%
Park 2002 35 178 18 76 62%
Petrovic 2005 28 248 24 162 6.5%
Richeti 2007 7 124 183 132 4.6%
Wang 2003 124 374 317 1102 8.3%
Zghal-Mokni 2005 12 94 10 56 4.8%
Zhang 2008 6 78 13 70 42%
Zou 2000 15 200 48 264 64%
Total (95% CI) 3150 3482 100.0%
Total events 515 793
Heterogeneity: Tau? = 0.25; Chi? = 63.78, df = 16 (P < 0.00001); I* = 75%
Test for overall effect: Z = 2.85 (P = 0.004)

c Experimental Control
Studv or Subgroup s ota rents ota ah
Chen 2013 104 328 68 316 7.2%
Demaine 2000 107 318 20 140 6.6%
Ichikawa1999 40 60 12 114 56%
Ikegishi 1999 5 54 8 68 42%
Isermann 2000 63 340 27 168 6.7%
Kao 1999 95 134 59 194 6.8%
Ko 1995 16 44 2 4 32%
Kumaramanickavel 2002 29 210 16 218 6.2%
1i 2001 50 210 20 80 64%
Liu 1999 12 158 22 2718 58%
Park 2002 59 178 19 76 63%
Petrovic 2005 97 248 43 162 7.0%
Richeti 2007 22 124 23 132 62%
Wang 2003 91 374 253 1102 7.4%
Zghal-Mokni 2005 8 94 10 56 4.8%
Zhang 2008 1 78 3 70 38%
Zou 2000 23 200 12 264 5.9%
Total (95% CI) 3150 3482 100.0%
Total events 832 617

Heterogenelty: Tau? = 0.43; Chi2 = 99.42, df = 16 (P < 0.00001); |2 = 84%
Test for overall effect: Z = 3.52 (P = 0.0004)
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Figure 2. Forest plots of odds ratios for the association between aldose reductase (CA)n and the risk of diabetic retinopathy. (A) Z; (B) Z+2; (C) Z-2. M-H,

Mantel-Haentzel; df, degrees of freedom.

4 articles included patients with T1D (24,29,39,43) and 11
studies included patients with T2D (25,26,28,30,34,35,
37,38,40-42). The type of DM of the subjects in 2 remaining
articles was not specified (27,36).

Results of the meta-analysis. The results of the meta-analysis
preformed in the present study are provided in Table II and
Figs. 2 and 3. The pooled risk estimates indicated that the Z+2
allele was associated with a decreased risk of DR (OR=0.65,95%
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Demaine 2000 13 318 9 140 7.5%
Ikegishi 1999 1 54 1 68 0.5%
Isermann 2000 7 340 2 168 1.6%
Ko 1995 4 44 0 44 0.3%
Kumaramanickavel 2002 23 210 35 218 19.1%
1i 2001 21 210 7 80 5.7%
Liu 1999 27 156 56 278 20.8%
Park 2002 2 178 2 76 1.7%
Petrovic 2005 7 248 11 162 8.1%
Richeti 2007 2 124 4 132 2.4%
Wang 2003 17 374 80 1102 24.2%
Zhang 2008 3 78 3 70 1.9%
Zou 2000 12 200 12 264 6.1%
Total (95% CI) 2534 2802 100.0%
Total events 139 222
Heterogeneity: Chiz = 10.36, df = 12 (P = 0.58); 2= 0%
Test for overall effect: Z = 2.18 (P = 0.03)
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Liu 1999 10 156 7 278 4.1%
Park 2002 3 178 2 76 2.4%
Petrovic 2005 24 248 12 162 11.3%
Richeti 2007 4 124 3 132 2.4%
Wang 2003 27 374 56 1102 22.7%
Zhang 2008 2 78 1 70 0.9%
Zou 2000 6 200 8 264 5.8%
Total (95% CI) 2594 2916 100.0%
Total events 193 160
Heterogeneity: Chi? = 38.02, df = 13 (P = 0.0003); I? = 66%
Test for overall effect: Z = 3.87 (P = 0.0001)
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Isermann 2000 3 340 1 168 1.6%
Kao 1999 6 134 17 194 15.5%
Kumaramanickavel 2002 17 210 10 218 10.5%
1i 2001 4 210 0 80 0.8%
Liu 1999 13 156 37 278 28.5%
Petrovic 2005 2 248 2 162 2.8%
Richeti 2007 1 124 2 132 2.2%
Wang 2003 9 374 52 1102 30.1%
Zhang 2008 1 78 1 70 1.2%
Zou 2000 3 200 3 264 3.0%
Total (95% CI) 2446 2876 100.0%
Total events 63 127
Heterogeneity: Chiz = 13.00, df = 11 (P = 0.29); I? = 15%
Test for overall effect: Z = 1.56 (P = 0.12)
D Experimental Control
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Demaine 2000 4 318 0 140 1.9%
Ichikawa1999 10 60 10 114 16.1%
Ikegishi 1999 2 54 2 68 4.8%
Isermann 2000 2 340 2 340 5.6%
Kao 1999 2 134 9 194 20.3%
Kumaramanickavel 2002 2 210 7 218 19.1%
li 2001 1 210 0 80 2.0%
Liu 1999 2 156 6 278 12.0%
Petrovic 2005 8 248 3 162 9.9%
Richeti 2007 1 124 1 132 2.7%
Zhang 2008 0 78 1 70 4.4%
Zou 2000 1 200 0 264 1.2%
Total (95% CI) 2132 2060 100.0%
Total events 35 41

Heterogeneity: Chi? = 10.16, df = 11 (P = 0.52); 12 = 0%
Test for overall effect: Z = 0.02 (P = 0.98)

Figure 3. Forest plots of odds ratios for the association between aldose reductase (CA)n and the risk of diabetic retinopathy. (A) Z+4; (B) Z-4; (C) Z+6; (D) Z-6.

M-H, Mantel-Haentzel; df, degrees of freedom.
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Figure 4. Sensitive analysis was performed by omitting data one study at a time to assess the influence of each study on the stability of the results regarding
aldose reductase (CA)n. (A) Z; (B) Z+2; (C) Z-2; (D) Z+4; (E) Z-4; (F) Z+6; (G) Z-6. M-H, Mantel-Haentzel; df, degrees of freedom. On the x-axis, the brackets
represent mean the pooled odds ratios whereas the vertical lines represent the 95% confidence intervals.

CI: 0.49-0.88, P=0.004; Fig. 2B). However, the Z-2 allele was
significantly associated with an increased risk of DR (OR=1.90,
95% CI: 1.33-2.71, P=0.0004; Table II, Fig. 2C). Significant
associations were also detected between the Z+4 (OR=0.77,
95% ClI, 0.61-0.97, P=0.03; Fig. 3A) and Z-4 (OR=1.57; 95%
CI, 1.25-1.98; P=0.0001; Fig. 3B) alleles and the risk for DR.
However, no association was detected between the Z, Z+6
or Z-6 alleles and the risk of DR (P>0.05; Table II; Figs. 2A,
3C and D, respectively). Stratification analyses based on
ethnicity were then performed. The results indicated that the Z-2
allele was significantly associated with DR in Asian (OR=1.82,
95% CI: 1.16-2.86, P=0.009) and Caucasian (OR=2.08, 95%
CI: 1.14-3.79, P=0.02) populations. Z+2 was significantly
associated with DR in Caucasian individuals (OR=0.50, 95%
CI: 0.34-0.73, P=0.0004), but not in Asian patients (P=0.07).
Furthermore, Z-4 was significantly associated with DR in Asian
populations (OR=1.57,95% CI: 1.22-2.03, P=0.0005), but not in
Caucasian individuals (P=0.09). In addition, the Z+4 allele was
not significantly associated with DR in Asians or Caucasians
(P>0.05). Stratification analyses based on the type of DM (T1D
and T2D) were also performed. The results revealed that the Z-2
allele was associated with the risk of DR in patients with T1D
(OR=3.42, 95% CI: 1.46-8.04, P=0.005) and T2D (OR=1.66,
95% CI: 1.05-2.63, P=0.03). The Z+2 allele was associated
with the risk of DR in patients with T1D (OR=0.39, 95% CI:
0.27-0.57, P<0.00001), but not in patients with T2D (P>0.05).
Furthermore, the Z+4 (OR=0.74; 95% CI, 0.57-0.96; P=0.02)
and Z-4 (OR=1.62; 95% CI, 1.27-2.08; P=0.0001) alleles were

associated with the risk of DR in patients with T1D, but not in
patients with T2D (P>0.05; Table II).

Heterogeneity. Statistically significant heterogeneity across
studies was observed when analyzing the Z+2 (I*=75%;
P<0.00001), Z-2 (I*’=84%; P<0.00001) and Z-4 (I*’=66%;
P=0.0003) alleles (Table IT). Significant heterogeneity regarding
Z+2 was primarily identified in the studies by Zou et al (37),
Wang et al (38), Liu et al (25), Demaine et al (39), Li et al (34)
and Ichikawa et al (40). Removal of these studies from
the meta-analysis resulted in 40% (P=0.08) heterogeneity.
Significant heterogeneity regarding Z-2 was primarily present
in the studies by Kao et al (24), Ko et al (29), Demaine et al (39),
Zghal-Mokni et al (26), and Ichikawa et al (40). Removal of
these studies from the meta-analysis resulted in 36% (P=0.10)
heterogeneity. Furthermore, the significant heterogeneity in Z-4
was mainly due to the study by Ichikawa et al (40); upon removal
of this study from the meta-analysis, heterogeneity was reduced
to 27% (P=0.17) (Table SII). In the subgroup analysis, signifi-
cant heterogeneity across studies was identified regarding the
7Z+2,7-2 and Z-4 alleles of Asian patients with T2D (Table II).

Sensitivity analysis and publication bias. In the sensitivity
analysis, the influence of a single study on the overall risk
estimate was determined by removing one article at a time.
The results revealed that the ORs were not significantly altered
in each genotype (Fig. 4). Begg's funnel plots and Egger's test
were performed to assess publication bias. Some outliers were
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Table III. Egger's linear regression test for funnel plot asymmetries of (AC)n in the aldose reductase gene.

Allele P-value 95% CI
Z 0.281 -0.8225458-2.62835
7Z+2 0.084 -4.256574-0.3006727
Z-2 0.319 -1.63998-4.707237
Z+4 0.267 -0.5488476-1.791998
Z-4 0.967 -2.481549-2.578416
Z+6 0.340 -0.7528741-1.981472
Z-6 0.658 -2.021688-1.334716
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Figure 5. Publication bias of studies on aldose reductase (CA)n were tested by Begg's funnel plots. (A) Z; (B) Z+2; (C) Z-2; (D) Z+4; (E) Z-4; (F) Z+6; (G) Z-6.

s.e., standard error; logor, log of odds ratio.

observed on the Begg's funnels plots, which may be due to
the missed researches including articles with negative results
and the small sample sizes of the studies. However, the results
of Egger's test demonstrated that P>0.05, which indicated the
missed researches and the small sample sizes studies had no
effects on the results. Therefore, the results indicated that there
was no publication bias for the comparison of Z, Z+2, Z-2,
7+4,7-4,7+6 and Z-6 (Table III and Fig. 5).

Discussion

ALR is an NADPH-dependent enzyme that exhibits
glucose-reducing activity (44). Elevated glucose levels may

enhance ALR activity in the case of a hyperglycaemic event,
which then increases the flux of glucose through the polyol
pathway (45). This pathway has been revealed to serve an
important role in diabetic complications, including nephrop-
athy and retinopathy. Furthermore, significantly elevated ALR
mRNA and protein levels have been detected in the peripheral
blood monocytes of patients with DR (46). Therefore, inhibi-
tion of ALR expression may offer a therapeutic strategy for
patients suffering from DR.

Recently, two common variants in the ALR gene, including a
(CA)n dinucleotide repeat microsatellite and a 106C/T polymor-
phism, have been examined for their genetic association with DR
in several populations (36,38). The (CA)n variant, located 2.1 kb
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upstream of the transcription initiation site of ALR, may alter
the secondary structure of DNA (47) or RNA (48), consequently
affecting splicing and the generation of non-coding RNA.
Multiple alleles have been identified for the (CA)n variation,
including Z, Z+2,7-2, 7Z+4, Z-4,7+6,7-6, Z+8, Z-8, Z+10 and
7-10.7Z,7+2 and Z-2 were the most common alleles identified as
(CA)n variations. Furthermore, the Z-2 allele has been reported
to be linked to increased expression of the ALR gene in the
peripheral mononuclear cells of patients with diabetes or hyper-
glycaemia (49). In vitro gene reporter assays have revealed that
the susceptibility polymorphism Z-2 increases transcriptional
activity (49). In addition, the Z-2 allele has been associated with
the susceptibility to DR (24). Other studies have also indicated
that the Z+2 allele serves a protective role against DR (24,26,29).
However, the results indicating the association between the Z-2
or Z+2 and DR were inconsistent and inconclusive. Among the
17 studies included in the present analysis, only 5 (29,36,37,39,41)
reported significant associations between Z+2 and DR, and the
12 remaining studies indicated negative results. In addition,
regarding Z-2, 7 studies reported a significant association with
DR (24,29,30,36,37,39,40,42). However, the 10 remaining studies
indicated no association between Z-2 and DR. The meta-analysis
of the present study demonstrated that the Z-2 allele is likely to
be a genetic risk factor (OR=1.90), while the Z+2 may exert a
protective effect to reduce the susceptibility to DR (OR=0.65).
However, a certain heterogeneity regarding Z+2 and Z-2 alleles
was identified among the results of individual studies.

To determine the role of the genetic background and types of
DM in DR, a subgroup analysis based on ethnicity and type of
DM was performed in the present study. Subgroup analysis with
stratification by ethnicity revealed that Z+2 exerted protective
effects for Caucasian patients with DR only. Furthermore, Z-2
was demonstrated to be a risk factor for DR in Asian as well as
Caucasian populations. These inconsistent results in different
populations may indicate the important role of the genetic back-
ground in the pathogenesis of DR (50-53). In addition, subgroup
analysis with stratification by type of DM revealed that Z-2 was
associated with DR in T1D and T2D. Furthermore, Z+2 was
associated with DR in T1D, but not in T2D. The prevalence of
DR was higher in patients with T1D, with sight-threatening reti-
nopathy reported to be up to 2.5x more common than in those
with T2D (54). However, despite including a larger number of
patients with T2D, the meta-analysis of the present study only
demonstrated a slight association between Z-2 and DR in T2D.
This may indicate the importance of a larger sample size to
provide a more accurate evaluation of the association between
gene polymorphisms and disease susceptibility.

A significant association between Z+4 or Z-4 and DR was
determined in the present meta-analysis. Based on a larger
number of patients, the Z+4 allele was determined to be a protec-
tive factor for DR, whereas the Z-4 allele was determined to be a
risk factor for DR. However, none of the studies included detected
any significant associations between Z+4 and DR. Furthermore,
only one study reported a significant association between Z-4
and DR (41). These results may indicate the importance of larger
sample sizes to provide a more accurate evaluation of the genetic
association and increased calculation power in the combined
analysis. Subgroup analysis based on ethnicity and type of DM
revealed that Z-4 may be a risk factor for DR in Asian popula-
tions, but not in Caucasians. In addition, Z+4 and Z-4 were only
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determined to be associated with DR in patients with T2D. To the
best of our knowledge, the present study is the first to identify a
significant association between Z+4 or Z-4 and the susceptibility
for DR by performing a meta-analysis. However, to fully confirm
these genetic associations, larger numbers of case-control studies
with more patients are necessary.

The present meta-analysis had various limitations. First,
the sample size in the present meta-analysis was relatively
small. Although 17 studies with 1,575 cases and 1,741 controls
were included, the sample size in the subgroup analysis,
particularly in the Caucasian and T1D subgroups, was insuf-
ficient. Furthermore, only the genetic association between
alleles of the (CA)n variation and DR were assessed. No data
on the genotype and haplotype were provided. In addition,
multiple factors, including genetic and environmental factors,
or the interaction between the two factors and other unknown
risk factors, were not considered in the pathogenesis of DR.
Furthermore, the studies included in the present meta-analysis
had been performed in either Asian or Caucasian populations,
but not in any subjects of other ethnicities. To more precisely
assess the association between (CA)n polymorphisms and
DR, analysis of multiple populations is necessary. Finally,
the information on the cases was relatively limited, and the
present analysis did not assess the approach (or medication)
to control glucose due to lack of data in the individual studies.

In conclusion, the Z+2 allele may be a protective factor for
DR in Caucasian patients with T1D. Furthermore, Z+4 may be
a protective factor for DR in patients with T2D. However, Z-2
may be a risk factor for DR in all subgroups and Z-4 may be a
risk factor for DR in Asian patients with T2D.
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