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Objective  To identify the possible association between C(-106)T polymorphism of the aldose 
reductase (ALR) gene and diabetic retinopathy (DR) in a cohort of Chinese patients with type 2 diabetes 
mellitus (T2DM). 

Methods  From November 2009 to September 2010, patients with T2DM were recruited and 
assigned to DR group or diabetic without retinopathy (DWR) group according to the duration of diabetes and 
the grading of 7-field fundus color photographs of both eyes. Genotypes of the C(-106)T polymorphism 
(rs759853) in ALR gene were analyzed using the MassARRAY genotyping system and an association study 
was performed. 

Results  A total of 268 T2DM patients (129 in the DR group and 139 in the DWR group) were 
included in this study. No statistically significant differences were observed between the 2 groups in the age of 
diabetes onset (P=0.10) and gender (P=0.78). The success rate of genotyping for the study subjects was 
99.6% (267/268), with one case of failure in the DR group. The frequencies of the T allele in the C(-106)T 
polymorphism were 16.0% (41/256) in the DR group and 19.4% (54/278) in the DWR group (P=0.36). 
There was no significant difference in the C(-106)T genotypes between the 2 groups (P=0.40). Compared 
with the wild-type genotype, odds ratio (OR) for the risk of DR was 0.7 (95% CI, 0.38-1.3) for the 
heterozygous CT genotype and 0.76 (95% CI, 0.18-3.25) for the homozygous TT genotype. The risk of DR 
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was positively associated with microalbuminuria (OR=4.61; 95% CI, 2.34-9.05) and insulin therapy 
(OR=3.43; 95% CI, 1.94-6.09). 

Conclusions  Microalbuminuria and insulin therapy are associated with the risk of DR in Chinese 
patients with T2DM. C(-106)T polymorphism of the ALR gene may not be significantly associated with DR in 
Chinese patients with T2DM. 

Chin Med Sci J 2014; 29(1):1-6 

 

IABETIC retinopathy (DR) is the leading cause 

of legal blindness in working-age adults, 

accounting for 8% of the legal blindness in the 

United States1 and in China.2 In recent years, 

there has been considerable evidence suggesting that DR is 

influenced not only by the duration of diabetes and blood 

glucose level but also by genetic predisposition.3-7 

Aldose reductase (ALR), the first and the rate-limiting 

enzyme in the polyol pathway, catalyzes the nicotinamide 

adenine dinucleotide phosphate (NADPH)-dependent reduction 

of glucose to sorbitol. Experimental studies suggest that 

sorbitol accumulate excessively in various tissues of the 

diabetic rats8 or in the rat glomerular mesangial cells cultured 

under high glucose conditions.9 Moreover, both increased 

enzyme activity and gene expression of ALR have been 

reported in patients with diabetic microvascular complications.10 

ALR has thus been proposed to be an important factor in 

the pathogenesis of diabetic microangiopathy. The C(-106)T 

polymorphism located at the promoter of the ALR gene has 

been reported to be associated with DR in Caucasian and 

Asian patients with type 1 and 2 diabetes mellitus.11-19 

However, results of various studies regarding the relationship 

between DR and the C(-106)T polymorphism are 

conflicting and inconclusive. While several studies 

suggested an association between DR and the C(-106)T 

polymorphism,4,7,20,21 some other studies did not support 

this observation.22,23 In this study, we aimed to verify the 

possible association of the C(-106)T polymorphism of the 

ALR gene with the risk of DR with a cohort of Chinese 

patients with type 2 diabetes mellitus (T2DM). 

SUBJECTS AND METHODS 

Study participants and clinical evaluation 

Between November 2009 and September 2010, patients 

with T2DM were recruited from the Desheng Community of 

downtown Beijing. Written informed consent was obtained 

from each participant before enrollment. Patients were 

enrolled into the study if: (1) they reported physician- 

diagnosed T2DM treated with insulin, oral hypoglycemic 

agents or healthy diet only; (2) or had a fasting plasma 

glucose ≥7.0 mmol/L (126 mg/dl) in at least two previous 

examinations or a random plasma glucose ≥11.1 mmol/L 

(200 mg/dL). All the participants underwent a standardized 

evaluation consisting of a questionnaire assessing demographic 

information and medical history, anthropometric examinations 

including body mass index (BMI) and waist-hip ratio, and a 

comprehensive ophthalmological examination including 

best corrected visual acuity, slit lamp biomicroscopy, 

fundus examination, and fundus photography. Seven-field 

30-degree stereoscopic fundus color photographs of optic 

disc and macula were taken through dilated pupils for all 

the patients using a digital fundus camera (Zeiss, Oberkochen, 

Germany). Fasting blood samples (15 mL) were collected to 

measure the fasting plasma glucose, glycosylated hemoglobin 

A1c (HbA1c), creatinine, uric acid, and lipid profiles [levels of 

total cholesterol, triglycerides, high-density and low-density 

lipoprotein cholesterol (HDL-C and LDL-C)]. Fasting urine 

samples were obtained to detect microalbuminuria.  

Two ophthalmologists independently graded the 

fundus photographs and the final diagnosis for each patient 

was determined based on the higher grading of the worse 

eye.24 The duration of diabetes was defined as the interval 

between the initial diagnosis by a physician and the time of 

enrollment into the present study. Based on the duration of 

diabetes and the grading of fundus photographs, patients 

were assigned into the diabetic without retinopathy (DWR) 

group if they had a duration of T2DM ≥ 10 years with no 

signs of DR (microaneurysms, hemorrhages or exudates) 

or if they had a duration of T2DM ≥ 15 years with fewer 

than 5 microaneurysms.4,25 Patients with 5 or more 

microaneurysms in at least one eye were assigned into the 

DR group.25 Patients who did not meet the criteria of either 

DWR or DR were excluded from the study.  

The Ethics Committee of Beijing Tongren Hospital 

approved the study protocol and the procedures were 

performed in accordance with the Declaration of Helsinki. 

 

Genotyping for ALR polymorphism 

Blood samples (2 mL each) were collected from all 

participants and stored at −80˚C before DNA extraction. 

Genomic DNA was isolated from venous blood leukocytes 

using a genomic DNA extraction and purification kit 

(TIANamp Swab DNA Kit, Tiangen Biotech, Beijing, China). 

D 
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The C(-106)T polymorphism (rs759853) in the promoter 

region of ALR gene was genotyped using the Sequenom 

MassALRRAY technology (Sequenom MassALRRAY, Bioyong 

Technologies Inc., Beijing, China).26, 27 

 

Statistical analysis 

Statistical analysis was performed with the R statistical 

analysis packages. Baseline characteristics of the DR and 

DWR groups were compared using t-test for continuous 

variables or Chi-square test for categorical variables. Results 

are expressed as means ± SD or median (range). 

Genotype frequencies of the ALR C(-106)T polymorphism 

were checked for Hardy-Weinberg equilibrium using 

Chi-square test. Chi-square test was also used to analyze 

the distribution of genotypes and alleles. Associations 

between the ALR C(-106)T polymorphism and the presence 

of DR were tested by calculating the odds ratio (OR) and 

the 95% confidence interval (CI) using multivariate logistic 

regression. P<0.05 was considered statistically significant.  

The power to detect a significant association between 

the T allele of the ALR C(-106)T polymorphism and DR was 

calculated under the condition of different hypothetical OR 

values. To detect a significantly protective effect of the T 

allele, the sample size in this study had 82.4% power if the 

T allele carriers had an OR of 0.5 and 30.4% power if the T 

allele carriers had an OR of 0.7. To detect a significant risk 

effect of the T allele, the sample size in this study had 

81.7% power if the T allele carriers had an OR of 2.0 and 

37.6% power if the T allele carriers had an OR of 1.5. 

RESULTS 

A total of 268 patients, including 129 with DR and 139 

with DWR, were enrolled in this study. Clinical features of 

the patients are displayed in Table 1. The mean age of 

diabetic onset was 48.68 ± 9.58 years in the DR group and 

50.45 ± 8.00 years in the DWR group (P=0.10). 

Percentage of males was 44.2% in the DR group and 

41.7% in the DWR group (P=0.78). Compared with the 

DWR group, the DR group had higher levels of creatinine 

(P=0.02), fasting plasma glucose (P=0.01), HbA1c 

(P<0.001), and higher incidence of microalbuminuria 

(P<0.001). The DR group also had a higher percentage of 

patients taking insulin therapy compared with the DWR 

group (62.8% vs. 33.8%, P<0.001). No statistically 

significant difference was observed between the DR and the 

DWR groups in the duration of diabetes (P=0.25), BMI 

(P=0.29), blood pressure (systolic blood pressure, P=0.58; 

diastolic blood pressure, P=0.34), serum levels of uric acid (P= 

0.84), and lipid profiles (total cholesterol, P=0.70; triglycerides, 

P=0.75; HDL-C, P=0.98; LDL-C, P=0.98) (Table 1). 

 

Table 1. Clinical characteristics of the 268 patients with type 2 diabetes mellitus§ 

Group 

Sex [male  

(%)] 

Age of onset  

( x ±s, year) 

Duration of 

diabetes ( x ±s, 

year) 

BMI ( x ±s, 

kg/m2) 

Microalbumi

nuria [n  

(%)] 

Systolic blood 

pressure ( x ±s, 

mmHg) 

Diastolic blood  

pressure ( x ±s, 

mmHg) 

Insulin therapy 

[n (%)] 

DWR 

(n=139) 
58 (41.7) 50.45±8.00 15.06±4.38 24.55±4.00 17 (12.2) 136.00±16.97 77.38± 8.82 47 (33.8) 

DR 

(n=129) 
57 (44.2) 48.68±9.58 14.59±7.52 24.99±3.78 48 (37.2) 137.10±16.20 78.92±10.05 81 (62.8) 

P 0.78 0.10 0.25 0.29 <0.001 0.58 0.34 <0.001 

Group 
HbA1c 

( x ±s, %) 

FBG ( x ±s, 

mmol/L) 

Creatinine  

( x ±s, μmol/L) 

UA ( x ±s,  

µmol/L) 

TC ( x ±s,  

mmol/L) 

TG ( x ±s,  

mmol/L) 

HDL-C ( x ±s, 

mmol/L) 

LDL-C ( x ±s,  

mmol/L) 

CRP ( x ±s,  

mg/L) 

DWR 

(n=139) 
7.07±1.40 8.23±2.46 65.14±16.50 275.80±77.83 5.22±0.96 1.68±1.09 1.21±0.29 3.08±0.79 0.25±0.33 

DR 

(n=129) 
7.93±1.67 9.20±2.96 71.49±24.42 277.70±68.38 5.27±1.13 1.67±1.17 1.23±0.32 3.08±0.86 0.24±0.32 

P <0.001 0.01 0.02 0.84 0.70 0.75 0.98 0.98 0.84 

§: Plus-minus values are means ±SD.  

Differences between the diabetic retinopathy (DR) and the diabetic without retinopathy (DWR) groups were compared using t-test or 

Chi-square test.  

BMI: body mass index; HbA1c, glycosylated hemoglobin A1c; FBG: fasting blood glucose; UA: uric acid; TC: total cholesterol; TG: 

triglyceride; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; CRP: C-reactive protein. 
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The genotype and allele frequencies of the ALR 

C(-106)T polymorphism in the DR and DWR groups are 

listed in Table 2. The success rate of genotyping for the 

patients was 99.6% (267/268). Frequencies of the ALR 

C(-106)T genotypes were under Hardy-Weinberg 

equilibrium in the DR (P=0.20) and the DWR group 

(P=1.00). The frequency of the minor T allele was 16.0% 

(41/256) in the DR group and 19.4% (54/278) in the DWR 

group (P=0.36). No significant difference in genotype 

distribution was observed between the DR and DWR groups 

(P=0.40). Compared with the wild type CC genotype, the 

OR for the risk of DR was 0.7 (95% CI: 0.38-1.3) for the 

heterozygous CT genotype and 0.76 (95% CI: 0.18-3.25) 

for the homozygous TT genotype after adjustment for the 

age of diabetic onset, duration of diabetes, BMI, HbA1c, 

fasting plasma glucose, creatinine level, microalbuminuria, 

and insulin therapy. 

Significant positive association of DR was observed 

with microalbuminuria (adjusted OR=4.61, 95% CI: 

2.34-9.05; P<0.001) and insulin therapy (adjusted 

OR=3.43, 95% CI: 1.94-6.09; P<0.001) (Table 3). 

DISCUSSION 

In this study, we investigated the association of ALR 

C(-106)T polymorphism with susceptibility to DR. Consistent 

with studies in Brazilian,23 French,28 and Australian 

patients20 with type 1 diabetes, and Euro-Brazilian patients 

with type 2 diabetes,22 the present study found no 

association between the ALR C(-106)T polymorphism and 

the risk of DR in this Chinese cohort of T2DM. However, a 

Japanese study11 and a Chilean study21 reported a higher 

risk of DR with the CC genotype of the C(-106)T 

polymorphism as compared with the CT or TT genotype. A 

previous study on Chinese patients with T2DM also 

reported a higher risk of DR with the CC genotype of the 

C(-106)T polymorphism.7 The discrepancy among different 

studies could be due to the different genetic background, 

sampling or experimental bias, or the presence of 

confounding factors. Indeed, the CC genotype frequency of 

the C(-106)T polymorphism has been reported to be higher 

in Asian29,30 than in Caucasian20,23,31 and Chilean 

populations.21 Moreover, the relatively small sample size in
 

Table 2. Frequencies of the C(-106)T polymorphism genotypes and alleles in the ALR gene 

Genotype Allele 
Group  

CC CT TT 
H-W p 

C T 

DWR (n=139) 90(64.7) 44(31.7) 5(3.6) 1 224(80.6) 54(19.4) 

DR (n=128)* 92(71.9) 31(24.2) 5(3.9) 0.20 215(84.0) 41(16.0) 

P 0.40  0.36 

Adjusted OR (95% CI) 1 0.70 (0.38,1.30) 0.76 (0.18,3.25)  1 1.26 (0.79,2.03) 

P (Wald’s test)  0.26 0.71  0.30 

ALR: aldose reductase; *one case in the DR group was not successfully genotyped, therefore only 128 cases were analyzed in the 

frequencies of C(-106)T genotypes and alleles. 

Genotype distributions for single nucleotide polymorphism were in Hardy-Weinberg equilibrium. Multiple logistic regression analysis was 

used to calculate odds ratio (OR) and 95% confidence interval (CI) by comparing the DR group and the DWR group after adjusting for the 

age of diabetic onset. 

 
Table 3. Clinical characteristics and the risk of DR by multivariate logistic regression 

Clinical characteristic Adjusted OR (95%CI) P (Wald's test) 

Age of diabetic onset (years) 0.97 (0.93, 1) 0.072 

Duration of diabetes (years) 0.94 (0.89, 0.99) 0.019 

BMI (kg/m2) 1.08 (0.61, 1.89) 0.800 

Microalbuminuria (+/-) 4.61 (2.34, 9.05) < 0.001 

Insulin therapy (yes/no) 3.43 (1.94, 6.09) < 0.001 

HbA1c (%) 1.94 (0.82, 4.62) 0.130 

Fasting plasma glucose (mmol/L) 1.46 (0.61, 3.45) 0.400 

Creatinine (μmol/L) 1.09 (0.27, 4.49) 0.910 
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the Chilean study (53 subjects)21 or the previous study with 

Chinese T2DM patients (40 with DR and 105 with DWR)7 

could potentially lead to a selection bias. In addition, many 

environmental and genetic factors could contribute to the 

pathogenesis of DR, which could bias the results. Other 

factors possibly interfering with the study outcomes 

include the diagnostic criteria of DR and DWR, which are 

not the same in different studies, and the recruitment 

methods of the study participants. For example, most 

studies recruited participants from hospitals whereas some 

studies employed population- or community-based 

recruitment procedures. It should be noted that the sample 

size in the present study had sufficient statistical power to 

detect only a strong association between the ALR C(-106)T 

polymorphism and DR. We therefore cannot exclude the 

possibility of a weak association between the ALR C(-106)T 

polymorphism and DR in Chinese population. 

Poor glycemic control and higher glycosylated hemog- 

lobin levels are the conventional risk factors for the 

development or progression of DR.31-34 In the present 

study, we confirmed that these two factors are associated 

with the risk of DR. Consistent with previous findings,35, 36 

we also found that the use of insulin was associated with a 

higher risk of DR. One possible explanation is that patients 

using insulin are more likely to have a poor glycemic 

control or to be at the late stage of the disease.37 Poor 

glycemic control with oral agents is usually the primary 

reason to begin insulin treatment. The patients with insulin 

use are therefore at a higher risk of having DR. In the present 

study, 37.2% of the patients in the DR group had 

microalbuminuria. The association between DR and microalbu- 

minuria observed in the present study may be explained by 

the hypothesis that microalbuminuria might represent a state 

of generalized vascular dysfunction.38  Furthermore, microalbu- 

minuria and DR may share common determinants.  

In conclusion, we confirmed that patients with DR have 

a higher percentage of microalbuminuria (P<0.001) and 

are more likely to use insulin (P<0.001) compared with 

DWR patients. However, no evidence was observed to 

support a significant association of the C(-106)T polymorphism 

with DR in this study, suggesting that the C(-106)T 

polymorphism of the ALR gene might not be a major 

susceptibility factor of DR in Chinese patients with T2DM. 

Whether there is a weak association between the ALR 

C(-106)T polymorphism and DR in Chinese population needs 

to be confirmed with a larger-size sample in future studies. 
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