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OBJECTIVE — We investigated the phenotypic features of diabetic microvascular complica-
tions and their association with a (CA),, microsatellite and a C/T polymorphism at the 5" region
of the aldose reductase gene (ALR2) in a consecutive cohort of 738 Chinese type 2 diabetic
patients.

RESEARCH DESIGN AND METHODS — Of the entire patient cohort, 392 were free of
diabetes complications, or uncomplicated, 159 had diabetic nephropathy, 66 had diabetic ret-
inopathy, and 121 had both diabetic nephropathy and retinopathy. Nephropathy was defined as
urinary albumin excretion rate (AER) =20 pg/min and albumin-to-creatinine ratio =3.5 mg/
mmol in two urine collections. Retinopathy was defined by the presence of hemorrhages, exu-
dates, laser marks, and fibrous proliferation or by a history of vitrectomy. (CA), and C/T
polymorphisms were examined by PCR followed by capillary electrophoresis and digestion with
Bfal, respectively.

RESULTS — In the whole cohort, patients with diabetic retinopathy (n = 187) had higher
blood pressure and lower BMI, while those with diabetic nephropathy (n = 280) had higher
blood pressure, waist-to-hip ratio, and lipid profile than those without the respective complica-
tions. The z+6 carriers of the (CA),, polymorphism were less common in patients with diabetic
retinopathy than those without diabetic retinopathy (n = 551) (4.3 vs. 9.3%, P = 0.04). The
CT/TT carriers had a higher AER than the CC carriers (30.2 X/+ 7.2 vs. 21.9 X/+ 6.9 pg/min,
P = 0.03). Further subgroup analysis was performed after excluding uncomplicated patients
with <5 years disease duration. The group with both diabetic nephropathy and retinopathy had
higher frequencies of the z-2 allele (25.7 vs. 16.9%, P = 0.03) and T allele (26.4 vs. 18.5%, P =
0.04) and a lower frequency of the z+6 allele (1.7 vs. 5.5%, P = 0.054) than the uncomplicated
group. Multiple logistic regression analysis confirmed that z-2 carrying (odds ratio 2.6, 95% CI
1.20-5.83, P = 0.02) and CT/TT genotypes (OR 2.5, 95% CI 1.19-5.19, P = 0.02) were
independent predictors for both diabetic nephropathy and retinopathy.

CONCLUSIONS — Chinese type 2 diabetic patients exhibited phenotypic differences in
terms of risk factors for both diabetic nephropathy and diabetic retinopathy. Both the z-2 allele
of (CA),, polymorphism and T allele of ALR2 were independently associated with severe diabetic
microvascular complications.
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lycemic control, blood pressure,

and disease duration are known

predictive factors for the develop-
ment of diabetic microvascular complica-
tions, including nephropathy and
retinopathy (1,2). However, not all dia-
betic patients develop microvascular
complications. Family studies in Pima In-
dian and Caucasian populations suggest
genetic influences in the development of
these complications (3,4). There is also
increasing evidence (5,6) showing that
non-Caucasian (including Asian) diabetic
patients have a higher risk of renal com-
plications than Caucasian populations. In
Hong Kong, up to 50% of type 2 diabetic
patients attending hospital medical clin-
ics have nephropathy and 30% have clin-
ically evident retinopathy (7).

An excessive flux of glucose through
the polyol pathway, in which aldose re-
ductase (ALR2) is the first and rate-
limiting enzyme, has been implicated in
the pathogenesis of diabetic microvascular
complications. ALR2 catalyzes NADPH-
dependent reduction of glucose to sorbi-
tol. Excessive accumulation of intracellu-
lar sorbitol has been associated with alter-
ation in the intracellular milieu and sig-
naling pathways (8,9). The ALR2 gene,
located on chromosome 7q35, has been
reported (10) as a candidate locus for di-
abetic nephropathy in Pima Indians. The
z-2 allele of the 5'-(CA),, polymorphism
of ALR2 was found to be associated with
both nephropathy and retinopathy in
Chinese type 2 diabetic patients (11-13).
Recently, the T allele of the promoter C/T
polymorphism was found to be associated
with type 1 diabetic nephropathy in Cau-
casians (14). These findings support the
notion that the ALR2 genetic polymor-
phism may be implicated in the develop-
ment of diabetes complications, albeit
with marked variations in terms of risk
associations in different patient popula-
tions. In this study, we examined the re-
lationships of these two polymorphisms
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a random spot urine sample after exclud-
ing urinary tract infection. Retinopathy
was defined by the presence of character-
istic changes, including hemorrhages,
exudates, laser marks, and fibrous prolif-
eration, detected by direct ophthalmos-
copy through dilated pupils by a diabe-
tologist or ophthalmologist, or a history of
vitrectomy.

Genotyping

Genomic DNA was extracted from whole
blood by the phenol-chloroform method
(18). Genotyping for the 5'-(CA),, micro-
satellite polymorphism was performed as
described by Ko et al. (11) with a LI-COR
DNA Analyzer (LI-COR, Lincoln, NE). All
alleles were sized by comparing with a
plasmid DNA containing a 23 (CA) re-
peats of ALR2, which was kindly donated
by Dr. Shiro Maeda, Shiga University of
Medical Science, Japan. Genotyping for
the promoter (C/T) polymorphism was
performed as described by Kao et al. (19).
The presence of the C allele was indicated
by a 206-bp fragment and T allele was
indicated by 147- and 59-bp fragments
after overnight digestion with Bfal at
37°C.

Statistical analysis

The Statistical Package for Social Sciences
(version 9.0; SPSS, Chicago, IL) was used.
Skewed data, including triglyceride, AER,
and ACR, were logarithmically trans-
formed. Continuous variables are ex-
pressed as means * SD or geometric
means X/+ anti-log SD where appropri-
ate, and analyzed using independent-
sample t test and ANCOVA. The x test
was used for analyzing allele and geno-
type frequencies and expressed as odds
ratio (OR) with 95% Cls where appropri-
ate. Multiple logistic regression analysis
was used to identify independent predic-
tive factors for microvascular complica-
tions. Linkage disequilibrium between
the two polymorphisms was estimated by
the GOLD program (20). Haplotype fre-
quencies were estimated with the EH pro-
gram (21) and compared between
patients with no complications and those
with both diabetic nephropathy and reti-
nopathy. EH was run three times for both
groups separately and then combined.
The relevant statistic test was T = log like-
lihood (both diabetic nephropathy and
retinopathy) + log likelihood (uncompli-
cated) — log likelihood (both diabetic
nephropathy and retinopathy + uncom-

Table 2—Genotype and allele frequencies of the 5'-(CA),, and promoter C/T polymorphisms
of the aldose reductase gene in Chinese type 2 diabetic patients classified according to the
presence or absence of nephropathy or retinopathy

No nephropathy Nephropathy No retinopathy ~ Retinopathy
n 458 280 551 187
Genotype frequency (%)
xX/x, x/z+6,z+6/z+6  91.5/8.1/0.4 93.2/6.8/0 90.9/8.9/0.2 95.7/3.7/0.5*

X/X, X/z+4, z+2/z+4
X/X, X/z+2, z+2/z+2
X/X, X/z, z/Z

xX/X, x/z—2,z2—2/z—2
x/X, x/z—4, z—4/z—4

86.9/12.4/0.7
48.9/41.9/9.2
52.0/41.9/6.1
59.8/33.8/6.3
89.1/10.9/0

88.2/11.4/0.4
49.6/41.4/8.9
50.0/40.4/9.6
59.3/34.6/6.1
88.2/11.8/0

60.4/34.3/5.4

86.2/13.1/0.7
50.5/41.4/8.2
49.7/43.0/7.3
59.9/34.3/5.8
89.8/10.2/0

65.3/29.6/5.1

90.9/9.1/0
45.5/42.8/11.8
55.6/36.4/8.0
58.8/33.7/7.5
85.6/14.4/0
59.4/33.7/7.0

CC,CT, TT 65.9/28.4/5.7
Allele frequency (%)
z+6 4.5
z+4 6.9
z+2 30.2
Z 27.1
z—2 23.3
z—4 55
X 2.5
C 80.1
T 19.9

3.4 4.7 2.5
6.1 7.3 4.6
29.7 28.8 331
30.0 28.8 26.2
23.4 23.0 24.4
5.9 5.1 7.2
1.5 23 2.0
77.6 80.1 76.3
22.5 19.9 23.8

*Statistically significant (P < 0.05) when the combined genotype (x/z+6 or z+6/z+6) was compared
between patients with retinopathy (4.3%) and without retinopathy (9.1%). x = any other (CA),, allele.

plicated). Twice this value was calculated
as x* distribution with a number of df to
the number of haplotypes estimated. A P
value <0.05 (two-tailed) was considered
significant.

RESULTS — After adjusting for age
and duration of diabetes, patients with
nephropathy had higher blood pressure,
HbA,,, fasting plasma glucose (FPG), to-
tal cholesterol, triglyceride, and creati-
nine, but lower HDL cholesterol than
those without nephropathy. They also
had a higher frequency of cardiovascular
events and retinopathy. Patients with ret-
inopathy had lower BMI but higher blood
pressure, HbA, ., FPG, and frequencies of
cardiovascular events and nephropathy
than those without retinopathy. Patients
with nephropathy also had higher waist-
to-hip ratio before adjustment (Table 1).

Thirteen alleles of 5'-(CA),, microsat-
ellites were identified, including z+12,
z+10, z+8, z+6, z+4, z+2, z, z-2, z-4,
z-6, z-12 z-14, and z-16, where z corre-
sponded to 24 (CA) repeats (11). Z+2, z,
and z-2 were the major alleles, accounting
for 81.4% of total alleles. The genotypic
frequencies observed in this population
were in Hardy-Weinberg equilibrium. In
the whole cohort, the frequency of the

z+6 carrying genotypes was significantly
lower in those with than those without
retinopathy (OR 0.45,95% C14.3vs. 9.1,
0.19-1.0, P = 0.04) (Table 2). The
CT/TT genotype carriers (n = 267) had a
higher urinary AER than the CC genotype
carriers (n = 471) (30.2 X/+ 7.2 vs.
21.9 X/+ 6.9 pg/min, P = 0.03). This
difference remained significant (P =
0.04) after adjustment for confounding
variables, including age, duration of dia-
betes, blood pressure, and HbA, .

In this cohort analysis, many patients
without complications had a relatively
short duration of diabetes and were sus-
ceptible to the future development of
complications. Thus, patients with <5
years diabetes duration (n = 300) were
excluded in the subsequent analysis. The
remaining patients (n = 438) were di-
vided into four subgroups: 159 (36.3%)
patients with diabetic nephropathy, 66
(15.1%) patients with diabetic retinopa-
thy, 121 (27.6%) patients with both dia-
betic nephropathy and retinopathy, and
92 (21%) uncomplicated patients. No sig-
nificant differences in the frequencies of
z+6, z-2, and T allele were observed
among the four groups. However, uni-
varaiate analysis revealed higher frequen-
cies of the z-2 allele (25.7 vs. 16.9%, OR
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Table 3—Genotype and allele frequencies of the 5'-(CA),, and promoter C/T polymorphisms
in Chinese type 2 diabetic patients classified according to the presence or absence of nephrop-

athy or retinopathy in subgroups.

Both diabetic

Diabetic Diabetic nephropathy
Uncomplicated  nephropathy  retinopathy  and retinopathy
n 92 159 66 121
Genotype frequency (%)
x/X, x/z+6,z+6/z+6  89.1/10.9/0 90.6/9.4/0 93.9/4.5/1.5 96.7/3.3/0

X/X, X/z—2,z—2/z—2  68.5/29.3/2.2

CC,CT, TT 69.6/23.9/6.5
Allele frequency (%)

z+6 5.5

z—2 16.9

C 81.5

T 18.5

61.0/34.6/4.4
64.2/32.7/3.1

62.1/31.8/6.1
66.7/28.8/4.5

57.0/34.7/8.3
55.4/36.4/8.3

4.7 3.9 1.7
21.7 22.0 25.7%
80.5 81.1 73.6
19.5 18.9 20.4*

#P < 0.05 compared with UC group. x = any other (CA),, allele. Uncomplicated: patients free of microvas-
cular complications and with =5 years disease duration.

1.7,95% C11.0-2.8,P = 0.03) and the T
allele (26.4 vs. 18.5%, 1.6,1.0-2.7, P =
0.04) as well as a trend of decreased fre-
quency of the z+6 allele (1.7 vs. 5.5%,
P = 0.054) (Table 3) in both diabetic ne-
phropathy and retinopathy compared
with the uncomplicated group.

Using age, sex, duration of disease,
blood pressure, metabolic indices, and
the three ALR2 genotypes (z+6 carrying,
z-2 carrying, and CT/TT) as independent
variables, as well as the uncomplicated
group as control (code = 0), the z-2 car-
rying (OR 2.64, 95% CI 1.02-5.83) and
CT/TT genotypes (2.48, 1.19-5.19), age
(1.06, 1.02-1.10), blood pressure (1.04,
1.02-1.06), HbA, (1.23, 1.03-1.46), log
triglyceride (20.1, 3.73-107.7), and male
sex (2.25,1.10-4.61) were independent
risk factors for prediction of both diabetic
nephropathy and retinopathy with a cor-
rect rate of 76.9%. Since the duration of
diabetes was comparable between the un-
complicated and the both diabetic ne-
phropathy and retinopathy groups after
excluding uncomplicated patients with
<5 years disease duration, this variable
was not put into the regression model.

As the 5'-(CA), polymorphism and
promoter C/T polymorphism are in close
proximity, the degree of linkage disequi-
librium and the association of haplotype
with both diabetic nephropathy and reti-
nopathy were investigated. The risk al-
leles (z-2 and T) were in weak linkage
disequilibrium (D’ = 0.34). The four hap-
lotype frequencies differed significantly
between the diabetic nephropathy and

retinopathy group and the uncomplicated
group (x> = 11.48, P < 0.01). Compared
with x/C haplotype carriers, where x rep-
resented alleles other than z-2, the ORs
for having severe diabetes complications
for the x/T, z-2/C, and z-2/T haplotype
carriers were 2.0 (95% CI 1.2-3.2), 2.1
(1.3-3.5),and 1.5 (0.3-9.3), respectively
(Table 4).

CONCLUSIONS

Association between 5'-(CA),,
polymorphism of ALR2 gene and
microvascular complications
Currently, the literature suggests that
ALR2 may be associated with diabetic mi-
crovascular complications. An in vivo
study (22) has demonstrated increased
ALR2 levels in peripheral mononuclear
cells in type 2 diabetic patients with neu-
ropathy and retinopathy, but less so in
patients with nephropathy. A Japanese

Wang and Associates

study (23) has demonstrated that differ-
ent alleles of the ALR2 (CA),, polymor-
phism were associated with different
levels of ALR2 in erythrocytes. However,
the associations of ALR2 genetic polymor-
phisms with microvascular complications
in humans remain conflicting. In the
present study, we found that the z-2 car-
rying genotype was associated with in-
creased risk of developing both diabetic
nephropathy and retinopathy in a sub-
group analysis. Our findings are in agree-
ment with other reports (11-13,24,25) in
China, Japan, and Chile that show associ-
ations between the z-2 allele and ne-
phropathy and/or retinopathy in type 2
diabetic patients. However, two recent
studies (26,27) reported a lack of associ-
ation between the z-2 allele and microvas-
cular complications in both type 1 and
type 2 diabetic patients of Caucasian ori-
gin. This may be due to differences in eth-
nicity, study design, sample size, patient
selection, and recruitment criteria. Never-
theless, our findings and those of other
investigators suggest that z-2 allele of
ALR2 may be implicated in the develop-
ment of diabetic microvascular complica-
tions in at least Chinese and Japanese type
2 diabetic patients.

In addition to the z-2 allele, we found
that the z+6 carrying genotype was pro-
tective against retinopathy in the whole
cohort and had a trend of protective ef-
fects in patients with coexisting nephrop-
athy and retinopathy in the subgroup
analysis. Despite the latter difference not
reaching statistical significance, which
might be due to the rarity of this allele
(4.1%), our finding was consistent with a
similar study (12) involving Chinese type
2 diabetic patients where this allele was
protective against coexisting nephropa-
thy and retinopathy. However, given the
rarity of this allele, the relatively small

Table 4—Haplotype-frequency of the (CA),, and C/T markers of ALR2 between Chinese type
2 diabetic patients without complications with =5 years of disease (uncomplicated) and those

with both nephropathy and retinopathy

Haplotype Both diabetic nephropathy

frequency (%) Uncomplicated and retinopathy OR (95% CI)
n 184 242

z—2/T 0.9 1.0 1.5(0.3-9.3)
x/T 17.5 254 2.0(1.2-3.2)
z—2/C 15.9 24.6 2.1(1.3-3.5)
x/C 65.6 49.0 1.0

x = non-z-2 allele; OR for each group was estimated by comparing with the group with x/C haplotype.
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sample size, and subtle differences in def-
inition of patient cohorts, these findings
must be interpreted with caution.

Other (CA),, alleles have also been re-
ported to be associated with either dia-
betic nephropathy or diabetic retinopathy.
In a preliminary study, we had previously
reported (28) an association between the
z-4 allele and retinopathy in the late-onset
diabetic patients (n = 384) included in
the present cohort. The present extended
study aimed to validate the previous find-
ing, but we were unable to find this asso-
ciation in either early- or late-onset
patients. In addition, a report on Chinese
type 2 diabetes revealed a protective effect
of the z+2 allele on nephropathy (13).
Although our patients had similar fre-
quencies of the z+2 allele (30.0 vs.
29.1%) and z-2 allele (23.3 vs. 22.1%), as
reported in the previous study (13), we
were unable to confirm this finding.

Association between promoter C/T
polymorphism and microvascular
complications

In the present study, although we were
unable to show an association in the
whole group between the T allele of the
promoter C/T polymorphism and either
nephropathy or retinopathy alone, the
CT/TIT genotype carriers had higher uri-
nary AER than the CC carriers, even after
adjustment for other conventional risk
factors. This association was further
strengthened by the association between
the T allele and coexistence of nephropa-
thy and retinopathy. Despite some incon-
sistencies (14,19), our results provide
corroborative evidence to another study
(14) in Caucasian type 1 diabetic patients
in whom the T allele was associated with
nephropathy. A recent study (29) also
suggested that the C/T polymorphism
might be associated with increased ex-
pression of ALR2 in Chinese population,
although this has not been confirmed.

Phenotypic heterogeneity of diabetic
microvascular complications

It is noteworthy that patients with reti-
nopathy or nephropathy in our study had
different clinical characteristics. Although
there were close associations between ret-
inopathy, nephropathy, and disease dura-
tion, a recent kidney biopsy study (30) in
our population showed that 41% of type 2
diabetic patients with diabetic glomerulo-
sclerosis did not have retinopathy. In the
present study, we found that patients with

nephropathy had higher waist-to-hip ra-
tio and lipid profiles than those without
nephropathy, while patients with reti-
nopathy had a lower BMI but similar lipid
profiles compared with those without ret-
inopathy. On the other hand, logistic re-
gression revealed that triglyceride, HbA, .,
systolic blood pressure, and sex were in-
dependent risk factors for patients with
both nephropathy and retinopathy. The
inclusion of ALR2 genotype increased the
predictive value of the model from 69 to
77%. Hence, our findings suggest that
variable modifiable risk factors may have
different effects on the development of di-
abetes complications and that genetic fac-
tors may be of particular importance in
those with severe complications.
Compared with patients carrying the
low-risk haplotype of x/C, those with the
haplotypes of z-2 or T allele alone had
twofold increased risk for both diabetic
nephropathy and retinopathy. This was
further confirmed in the logistic regres-
sion model, where both of these alleles
were independent risk factors. However,
these two risk alleles were only in weak
linkage disequilibrium, and only 1% of
the patients carried the z-2/T haplotype.
Despite these associations, it remains
plausible that there may be an undefined
regulatory element of ALR2 or another
gene near ALR2 that contribute to the de-
velopment of diabetes complications.
With the completion of the Human Ge-
nome Project, it is now apparent that up
to 30% of the single nucleotide polymor-
phisms showed variations among differ-
ent racial groups (31). Additionally, there
is now evidence suggesting that haplo-
types of variants within a gene may be
more informative than a single gene vari-
ant in terms of disease prediction and that
some of these haplotypes may be impor-
tant in the regulation of gene function
(32). Hence, all these factors may contrib-
ute to the apparently inconsistent find-
ings regarding the clinical significance of
the ALR2 genetic polymorphisms in dif-
ferent populations. Although chance or
undetected population stratification
might explain some of these associations,
given the relatively homogenous nature
of our study population and the large
sample size, these factors are not likely to
affect our results, which are largely con-
sistent with the current literature. Al-
though prospective and family-based
studies (33) are necessary to elucidate the
nature of these associations, our studies

have demonstrated phenotypic heteroge-
neity and the effects of ALR2 genetic poly-
morphisms on the risk associations for
diabetes complications. These markers
can help provide better prevention for
high-risk diabetic patients.
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