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Abstract Whether the DD genotype of the angiotensin-I

converting enzyme (ACE) I/D variation contributes to end-

stage renal disease (ESRD) risk in type 2 diabetes mellitus

(T2DM) remains controversial. Differences in study design,

case and control definition, sample size and ethnicity may

contribute to the discrepancies reported in association stud-

ies. We performed a case–control study to evaluate the

association of the ACE I/D variation with ESRD risk in

Chinese patients with T2DM receiving hemodialysis and

analyzed the genotype–phenotype interaction. Unrelated

Chinese patients (n = 432) were classified into the non-di-

abetic nephropathy (DN) control group (n = 222, duration

of diabetes[10 years, no signs of renal involvement) and

the DN-ESRD group (n = 210; ESRD due to T2DM,

receiving hemodialysis). Polymerase chain reaction was

used to genotype ACE I/D for all 432 subjects. The fre-

quencies of the ID ? DD genotypes were higher in the DN-

ESRD group than non-DN control group (65.2 vs. 50.9 %;

adjusted OR 1.98 (95 % CI, 1.31–3.00; P = 0.001). In the

DN-ESRD group, the DD genotypic subgroup had signifi-

cantly elevated HbA1c and diastolic blood pressure (DBP)

compared to the II subgroup (both P\ 0.05). The DD

genotype of the ACE I/D variation may be associated with

more elevated blood pressure and HbA1c, and therefore may

predict the development, progression and severity of DN-

ESRD in Chinese patients with T2DM undergoing

hemodialysis.

Keywords Angiotensin-I converting enzyme (ACE) � I/D
variation � Type 2 diabetes mellitus (T2DM) � End-stage
renal disease (ESRD) � Hemodialysis

Introduction

A recent large-scale epidemiological analysis estimated

that the overall prevalence of diabetes in the Chinese adult

population was 11.6 % (113.9 million). More than 90 % of

patients with diabetes have type 2 diabetes (T2DM) [1].

Approximately one-third of patients with T2DM develop

diabetic nephropathy (DN) [2, 3], which is the leading

cause of end-stage renal disease (ESRD) in developed

countries [4, 5]. Compared to Caucasian populations, Asian

patients with T2DM have a higher risk of ESRD [6, 7] and

DN is the 2nd common cause of ESRD following IgA

nephropathy (IgAN) in patients undergoing dialysis in

China [8]. Genetic susceptibility has been proposed as an

Ming Lu, Jianzhong Zhang and Ming Li contributed equally to this

work.

& Limei Liu

lmliu@sjtu.edu.cn

1 Department of Endocrinology & Metabolism, Putuo Hospital

Attached to Shanghai University of Traditional Chinese

Medicine, 164 Lanxi Road, Shanghai 200000, China

2 Department of Endocrinology, China-Japan Union Hospital

of Jilin University, 829 Xinmin Street, Changchun, China

3 Department of Endocrinology & Metabolism, Shanghai

Diabetes Institute, Shanghai Jiaotong University Affiliated

Sixth People’s Hospital, 600 Yishan Road, Shanghai 200233,

China

4 Shanghai Jiaotong University School of Medicine,

227 Chongqing South Road, Shanghai 200025, China

5 Department of Nephrology, Shanghai Diabetes Institute,

Shanghai Jiaotong University Affiliated Sixth People’s

Hospital, 600 Yishan Road, Shanghai 200233, China

6 Division of Endocrinology, Metabolism, and Molecular

Medicine, Charles R. Drew University of Medicine and

Sciences, University of California Los Angeles (UCLA)

School of Medicine, Los Angeles, CA, USA

123

Mol Cell Biochem (2016) 422:181–188

DOI 10.1007/s11010-016-2819-6

http://orcid.org/0000-0002-1570-4786
http://crossmark.crossref.org/dialog/?doi=10.1007/s11010-016-2819-6&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11010-016-2819-6&amp;domain=pdf


important risk factor for the development, progression, and

severity of DN, and various research efforts are underway

worldwide to identify the susceptibility genes such as ACE

and KCNQ1 for DN [9–12]. In both humans and experi-

mental models, systemic and glomerular hypertension

contributes to the development and progression of DN [13].

Angiotensin-I converting enzyme (ACE) is a key factor in

the renin-angiotensin-aldosterone system (RAAS) and

converts angiotensin I into angiotensin II and inactivates

bradykinin [14]. The human ACE gene is located on

chromosome 17q23, and a 287 bp insertion/deletion (I/D)

variation (rs179975) has been identified in intron 16 of the

gene [15]. This functional I/D variation appears to affect

the level of serum ACE activity: individuals homozygous

for the deletion (DD genotype) have the highest serum

ACE levels, those heterozygous (ID genotype) have inter-

mediate levels, whereas those homozygous for the insertion

(II genotype) have the lowest levels [16]. ACE gene I/D

variation is not only associated with IgAN [17] but also

DN. Whether the DD genotype of the ACE gene is asso-

ciated with ESRD risk in patients with T2DM among

European and Asian populations remains controversial

[18–23], which suggested the ethnic heterogeneity con-

tribute to the most differences of association between

candidate genes and DN [10]. In China, the prevalence of

diabetes has ranked first worldwide, and DN has became to

the 2nd common cause of ESRD in patients undergoing

dialysis. However, up to date no study has investigated the

association between the ACE I/D variation and the risk of

ESRD in patients with T2DM from the Chinese mainland.

Thus, we performed a case–control study to assess the

influence of the ACE gene I/D variation on the risk of

ESRD in Chinese patients with T2DM undergoing

hemodialysis.

Subjects and methods

This study was approved by the Institutional Review Board

of Shanghai Jiaotong University Affiliated Sixth People’s

Hospital. Written informed consent was obtained from all

participants.

Subjects

We studied 432 unrelated Chinese Han patients from

Shanghai, China with T2DM. Two groups were assessed:

(1) the control group (n = 222): patients with a duration

of diabetes[10 years, but with no sign of renal

involvement, i.e., not receiving antihypertension treat-

ment, absence of albuminuria (urinary albumin excretion

rate (UAER)\30 mg/24 h), and a creatinine clearance

(using the Cockroft equation) of[60 ml/min per m2

[24]; and (2) the DN-ESRD group (n = 210): patients

with ESRD due to T2DM, as indicated by a creatinine

clearance rate of\15 ml/min per m2 who were receiving

dialysis after ruling out the presence of urinary tract

infections, hematuria, nephritis, and other conditions

[25]. The non-DN control and DN-ESRD subjects with

T2DM were inpatients at the Department of

Endocrinology and Metabolism and the Department of

Nephrology at Shanghai Jiaotong University Affiliated

Sixth People’s Hospital, respectively, between January

2010 and October 2012. Diagnoses of T2DM were made

according to the 2010 American Diabetes Association

diagnostic criteria [26]. All patients underwent a stan-

dardized clinical and laboratory evaluation.

Methods

Genotyping of the ACE gene I/D variation

Genomic DNA was extracted from 2 ml of peripheral

blood using the conventional phenol/chloroform method.

Polymerase chain reaction (PCR) was used to genotype the

287 bp I/D variation in intron 16 of the ACE gene using

previously established procedures [15]. The following

primers were used: forward: 50-CTGGAGA CCACTCC-

CATCCTTTCT-30 and reverse: 50-GATGTGGCCATCA-
CATTCGTCAGAT-30. PCR was carried out using 10 pmol

of each primer, 2 mM dNTPs, 25 mM MgCl2, 5 U/ul Taq

DNA polymerase enzyme, 10 9 PCR buffer, and 10 ng

genomic DNA in total volume of 20 ll. The PCR protocol

was 5 min at 95 �C, 40 cycles of 30 s at 95 �C, 30 s at

60 �C, and 30 s at 72 �C, and a final extension of 10 min at

72 �C. To avoid mistyping of the ID genotype as DD, we

added dimethyl sulfoxide (DMSO) to the PCR reaction mix

to enhance amplification of the I allele and repeated the

genotyping procedure for samples with a DD genotype.

Based on the presence or absence of the 287 bp insertion in

the ACE gene, three genotypes (II, ID, and DD) were

identified. Five microliters of each PCR product were

electrophoresed on a 12 % poly-acrylamide gel and visu-

alized by ethidium bromide staining. Gel photographs were

taken using a Gel-Doc gel imaging system (Bio-Rad, Inc.,

USA).

Statistical analysis

The clinical and laboratory values are expressed as the

mean ± SD values or median (interquartile range). Com-

parisons of the clinical and laboratory parameters of the

control group and DN-ESRD group, as well between

genotypic groups, were performed using unpaired Stu-

dent’s t tests or Pearson Chi square tests as appropriate.
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Data with a skewed distribution, such as the duration of

diabetes, triglyceride levels, UAER, and serum creatinine

levels, were logarithmically transformed before analysis

and are presented as medians (interquartile range). P val-

ues\0.05 were considered significant. Multiple logistic

regression was used to identify independent risk factors

associated with DN-ESRD; odds ratios (OR) and 95 %

confidence intervals (CI) were estimated. SPSS11.5 sta-

tistical software (SPSS, Chicago, IL) was used for data

analysis and processing.

Results

The clinical and laboratory characteristics of the study

populations are shown in Table 1. The DN-ESRD group

had a significantly higher proportion of men and had a

longer duration of diabetes; higher systolic blood pressure

(SBP), LDL, UAER, serum creatinine, and BUN; signifi-

cantly lower age at diagnosis of T2DM; and lower BMI,

HbA1c, total cholesterol, HDL, and eGFR compared with

the non-DN control group (P\ 0.01 or P\ 0.05). In

addition, as expected, the patients in the DN-ESRD group

were more likely to have hypertension (97.1 vs. 55.4 %,

P\ 0.000), retinopathy (55.5 vs. 42.8 %, P\ 0.010),

cardiovascular disease (CVD; 47.3 vs. 13.5 %, P\ 0.000),

and smoke (45.9 vs, 8.6 %, P\ 0.000) than the non-DN

control group. There were no significant differences in age,

diastolic blood pressure (DBP), fasting plasma glucose

(FPG), and triglyceride levels between the two groups (all

P\ 0.05).

As shown in Fig. 1, the three ACE I/D (rs179975)

genotypes (II, ID, and DD) could be identified according to

the presence of the PCR products: a 478 bp fragment for

the II genotype, 191 bp for DD, and both fragments for ID.

Table 2 illustrates the frequencies of the ACE I/D geno-

types in the non-DN control group and DN-ESRD group in

the codominant, dominant, and recessive models, respec-

tively. The genotype frequencies for ACE I/D did not

deviate from Hardy–Weinberg equilibrium (P\ 0.05) as

indicated by the v2 test. However, there were significant

differences in the frequencies of the ACE I/D genotypes

between the two groups (v2 = 13.24, P = 0.001). In

multivariate unconditional logistic regression analysis, the

ID and DD genotypes were associated with an increased

risk of DN-ESRD compared to the II genotype, with

adjusted ORs (95 % CI) of 1.72 (1.10–2.68) and 1.73

(1.27–2.36), respectively, after adjusting for age, sex, and

Table 1 Clinical and

laboratory characteristics of the

non-DN control and DN-ESRD

groups of patients with type 2

diabetes mellitus

Characteristic Non-DN control DN-ESRD P value

Age (years) 64.7 ± 9.6 63.7 ± 11.4 0.327

Sex (M/F) 98/124 131/77 0.000

Age at diagnosis of diabetes (years) 49.7 ± 10.1 45.6 ± 12.8 0.000

Diabetes duration (years) 13.0 (10.8–17.2) 17.0 (11.0–23.2) 0.000

BMI (kg/m2) 23.8 ± 3.6 22.7 ± 3.5 0.001

SBP (mmHg) 138.1 ± 19.1 149.0 ± 24.1 0.000

DBP (mmHg) 80.5 ± 10.4 78.4 ± 12.6 0.062

FPG (mmol/l) 9.1 ± 3.8 8.8 ± 4.8 0.601

HbA1C (%) 9.2 ± 4.3 7.1 ± 1.8 0.000

Triglyceride (mmol/l) 1.3 (0.9–1.9) 1.4 (1.0–2.1) 0.119

Total cholesterol (mmol/l) 4.8 ± 1.2 4.2 ± 1.3 0.000

LDL (mg/dl) 2.2 ± 1.1 3.1 ± 1.1 0.000

HDL (mg/dl) 2.0 ± 1.1 1.0 ± 0.4 0.000

UAER (mg/24 h) 7.5 (5.2–12.1) 1670.0 (593.4–3628.5) 0.000

Serum creatinine (lmol/l) 64.0 (54.0–78.0) 612.0 (261.0–820.0) 0.000

BUN (mmol/l) 6.2 ± 2.9 20.9 ± 8.2 0.000

eGFR (ml/min per 1.73 m2) 97.9 (81.7–119.9) 3.7 (2.9–5.0) 0.000

Hypertension (%) 123 (55.4) 200 (97.1) 0.000

Retinopathy (%) 95 (42.8) 106 (55.5) 0.010

Smoking (%) 19 (8.6) 94 (45.9) 0.000

CVD (%) 20 (13.5) 96 (47.3) 0.000

Data are expressed as mean ± SD

SBP systolic blood pressure, DBP diastolic blood pressure, FPG fasting plasma glucose, LDL low-density

lipoprotein, HDL high-density lipoprotein, UAER urine albumin excretion rate, CVD cardiovascular disease
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BMI. In the dominant model, the frequency of the

ID ? DD genotype was significantly higher in the DN-

ESRD group than the non-DN control group (65.2 vs.

50.9 %) with an adjusted OR of 1.98 (95 % CI, 1.31–3.00;

P = 0.001). In the recessive model, the frequency of the

genotype DD was significantly higher in the DN-ESRD

group compared to the non-DN control group (21.4 vs.

10.8 %) with an adjusted OR of 2.23 (95 % CI, 1.28–3.91,

P = 0.005). As shown in Table 2, the frequency of the D

allele was higher in the DN-ESRD group than the non-DN

control group (43.3 vs. 30.9 %, P = 0.000) with an OR of

1.71 (1.30–2.26), and the frequency of the I allele was

lower in the DN-ESRD group than the non-DN control

group (56.7 vs. 69.1 %, P = 0.000) with an OR of 0.58

(0.44–0.77).

Table 3 summarizes the clinical characteristics of each

ACE I/D genotypic subgroup in the non-DN control group.

The DD subgroup had significantly lower FPG and a

shorter duration of diabetes (both P\ 0.05) as well as a

tendency towards higher HbA1C and SBP (both P[ 0.05)

than the II subgroup. In addition, the ID ? DD subgroup

had a shorter duration of diabetes than the II group, and the

II ? ID subgroup had significantly elevated FPG compared

to the DD group (P\ 0.05, Table 3). Table 4 presents the

clinical characteristics of each ACE I/D genotypic sub-

group in the DN-ESRD group. The DD subgroup had

significantly higher HbA1c and DBP (both P\ 0.05) as

well as a tendency towards higher SBP than the II group

(P\ 0.05). Furthermore, the ID ? DD subgroup had sig-

nificantly higher HbA1C and DBP than the II group (all

P\ 0.05, Table 4).

Discussion

The relationship between the ACE I/D variation (rs179975)

and the risk of ESRD in patients with DN varies in dif-

ferent populations and remains inconclusive [18–23].

Analysis of cohorts with varied ethnicities, differences in

study design and definition of the case and control groups,

as well as insufficient sample size may contribute to the

discrepancies reported in association studies. In the present

study, we investigated the distribution of the ACE I/D

variation and its genotypic phenotypes in patients with

ESRD due to T2DM undergoing hemodialysis compared to

non-DN control subjects with T2DM from the Chinese

mainland. The two major findings of the present study are

Fig. 1 Genotyping of the ACE gene I/D variation by PCR. Lane 1

DD genotype; Lane 2 II genotype; Lane 3 ID genotype; Lane M

molecular weight marker

Table 2 ACE I/D genotypic frequencies for the non-DN control and DN-ESRD groups of patients with type 2 diabetes mellitus

Genotypes or Alleles DN-ESRD Non-DN control X2 test OR (95 % CI) P value OR (95 % CI)a P value

Genotypes

Codominant

II 73 (34.8 %) 109 (49.1 %) 1.0 (Ref.) 0.001 1.0 (Ref.)

ID 92 (43.8 %) 89 (40.1 %) 1.54 (1.02–2.34) 1.72 (1.10–2.68) 0.018

DD 45 (21.4 %) 24 (10.8 %) 13.24 2.80 (1.57–4.99) 1.73 (1.27–2.36) 0.000

Dominant

II 73 (34.8 %) 109 (49.1 %) 1.0 (Ref.) 0.003 1.0 (Ref.)

ID ? DD 137 (65.2 %) 113 (50.9 %) 9.10 1.81 (1.23–2.67) 1.98 (1.31–3.00) 0.001

Recessive

II ? ID 165 (78.6 %) 198 (89.2 %) 1.0 (Ref.) 0.003 1.0 (Ref.)

DD 45 (21.4 %) 24 (10.8 %) 9.07 2.25 (1.32–3.85) 2.23 (1.28–3.91) 0.005

Alleles

I 238 (56.7 %) 307 (69.1 %) 14.43 1.71 (1.30–2.26) 0.000 – –

D 182 (43.3 %) 137 (30.9 %) 0.58 (0.44–0.77) 0.000

Data are individual number of chromosomes (frequency) for each allele or individual number (frequency) for genotype
a Adjusted for sex, age, and BMI
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(1) the ACE DD genotype and D allele were significantly

more frequent among patients DN-ESRD on hemodialysis

than the non-DN control subjects, and (2) the DD genotype

was associated with significantly higher HbA1c and DBP

than the II genotype among the DN-ESRD group.

Previous studies indicated the ACE DD genotype has a

high prognostic value for progressive deterioration of renal

function, and appeared to increase the risk of death once

dialysis was initiated in Japanese or Korean patients with

DN [18, 19] but not among Caucasian patients [21]. In the

present study, the overall analysis revealed a significant

association between the ACE I/D variation and the risk of

DN-ESRD in all genetic models (ID versus II: OR 1.72,

95 % CI 1.10–2.68; DD versus II: OR 1.73, 95 % CI

1.27–2.36; allele contrast: OR 1.71, 95 % CI 1.30–2.26;

dominant model: OR 1.98, 95 % CI 1.31–3.00; and

recessive model: OR 2.23, 95 % CI 1.28–3.91, after

adjustment for confounders, respectively), which is con-

sistent with the associations reported for Japanese and

Korean patients [18, 19] and suggests the ACE I/D varia-

tion may also contribute to the progression of DN-ESRD in

Chinese patients with T2DM undergoing hemodialysis.

To our knowledge, the sample size of DN-ESRD in our

study is more than that of these controversial reports

[18–23], which was 3.3-fold of Japanese (208 vs. 63) and

2.5-fold of Korean (208 vs. 83), respectively [18, 19],

despite both of their association between ACE I/D variation

and DN-ESRD were similar with that of ours.

Hyperglycemia plays a pivotal role in the development

of DN, and high plasma glucose levels increase mesangial

cell matrix production [27] and mesangial cell apoptosis

[28]. A study in South Korean patients revealed that

HbA1c levels of 6.50–7.49 % or C7.50 % were associated

with a significantly increased risk of ESRD compared to a

HbA1c level\6.50 % [29]. The DN-ESRD group had a

significantly lower HbA1C level than the non-DN control

subjects (Table 1), which may be the result of decreased

gluconeogenesis in the remnant kidneys, alterations to

metabolic pathways, inadequate nutrition, decreased insu-

lin clearance, loss of glucose to the dialysate, and diffusion

of glucose into erythrocytes during hemodialysis in

patients with DN-ESRD [30, 31] As shown in Table 4, the

ACE DD genotype was associated with markedly elevated

HbA1C levels compared to the patients with the ACE II

Table 3 Clinical and biochemical parameters of the ACE I/D genotypic subgroups in non-DN control patients with type 2 diabetes mellitus

II ID DD II ? ID ID ? DD

Sex (M/F) 42/67 43/46 13/11 85/113 56/57

Age (years) 66.3 ± 9.2 63.1 ± 10.2* 63.6 ± 7.9 64.9 ± 9.8 63.2 ± 9.7*

Age at diagnosis of diabetes (years) 50.0 ± 10.9 49.0 ± 9.7 50.7 ± 8.1 49.5 ± 10.3 49.4 ± 9.4

Diabetes duration (years) 14.0 (11.0–20.0) 13.0 (10.0–16.5) 12.0 (10.2–15.0)* 14.0 (10.8–18.0)44 13.0 (10.0–15.0)*

BMI (kg/m2) 24.0 ± 4.1 23.6 ± 2.9 23.7 ± 3.2 23.8 ± 3.6 23.6 ± 3.0

SBP (mmHg) 137.1 ± 18.8 139.0 ± 20.5 139.0 ± 14.9 137.9 ± 19.6 139.0 ± 19.4

DBP (mmHg) 80.2 ± 9.5 81.3 ± 11.5 78.8 ± 9.6 80.7 ± 10.4 80.8 ± 11.1

FPG (mmol/l) 9.4 ± 4.4 9.1 ± 3.4 7.4 ± 2.3* 9.3 ± 4.04 8.7 ± 3.2

HbA1C (%) 9.1 ± 3.9 9.1 ± 3.0 10.8 ± 8.8 9.1 ± 3.5 9.4 ± 4.7

Triglycerides (mmol/l) 1.2 (0.9–1.8) 1.4 (1.0–2.1) 1.1 (0.8–1.8) 1.3 (0.9–1.9) 1.3 (0.9–1.9)

Total cholesterol (mmol/l) 4.8 ± 1.3 4.7 ± 1.0 4.7 ± 1.0 4.8 ± 1.2 4.8 ± 1.3

LDL (mg/dl) 2.2 ± 1.2 2.2 ± 1.2 2.2 ± 0.9 2.2 ± 1.2 2.2 ± 1.1

HDL (mg/dl) 2.0 ± 1.1 2.0 ± 1.1 1.9 ± 1.1 2.0 ± 1.1 2.0 ± 1.1

UAER (mg/24 h) 7.6 (5.4–13.1) 7.5 (5.1–11.8) 6.1 (3.4–8.9) 7.5 (5.3–12.8) 7.1 (4.8–10.6)

Serum creatinine (lmol/l) 66.0(56.0–78.0) 62.5(52.5–77.0) 64.0(57.2–81.5) 64.0 (54.0–78.0) 63.0 (54.0–77.2)

BUN (mmol/l) 6.6 ± 3.7 5.7 ± 1.8 6.4 ± 1.9 6.2 ± 3.0 5.8 ± 1.8

eGFR (ml/min per 1.73 m2) 93.0 (74.1–115.5) 103.1 (84.7–129.3) 94.8 (82.2–117.8) 98.2 (81.0–122.0) 101.6 (84.4–124.4)

Hypertension (%) 61 (56.0) 48 (53.9) 14 (58.3) 109 (55.1) 62 (54.9)

Retinopathy (%) 51 (46.8) 35 (39.3) 9 (37.5) 86 (43.4) 44 (38.9)

Smoking (%) 10 (9.2) 7 (7.9) 2 (8.3) 17 (8.6) 9 (8.0)

CVD (%) 12 (16.9) 5 (8.3) 3 (17.6) 17 (13.0) 8 (10.4)

Data are expressed as mean ± SD, median (interquartile range), or percentage (%)

SBP systolic blood pressure, DBP diastolic blood pressure, FPG fasting plasma glucose, LDL low-density lipoprotein, HDL high-density

lipoprotein, UAER urine albumin excretion rate, CVD cardiovascular disease

* P\ 0.05 and ** P\ 0.01 vs. II genotype; 4 P\ 0.05 and 44 P\ 0.01 vs. DD genotype
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genotype in the DN-ESRD group (DD vs. II, 7.5 ± 0.4 %

vs. 6.5 ± 0.2 %, P\ 0.05), suggesting that ACE DD car-

rier status may elevate the risk of ESRD or renal impair-

ment in T2DM. Mechanistically, the DD genotype is

associated with higher plasma ACE levels [32], suggesting

that the DD genotype may have a higher plasma Ang II

level [33]. Elevated Ang II impairs glycemic control and

leads to b-cell dysfunction [34] and may therefore result in

elevated HbA1C among patients with DN-ESRD that carry

the DD genotype.

Pharmacogenomic studies have indicated that when

genetic variation leads to modified target availability or

function, the drug response also modifies [35]. The ACE

I/D variation appears to affect ACE activity and the

287 bp deletion (DD genotype) results in higher plasma

and tissue ACE levels [16]; therefore, the ACE geno-

types may predict the response of patients to the

antiproteinuric and renoprotective effects of ACE inhi-

bitors (ACEIs). In fact, the DD genotype reduces the

long-term benefit of ACE inhibition on the progression

of DN in patients with insulin-dependent diabetes mel-

litus (IDDM) [36], and angiotensin receptor blockers

(ARBs, e.g., losartan) had greatest beneficial effect in the

ACE DD genotype group and intermediate effect in the

ACE ID genotype group for nearly all composite end-

points, i.e., doubling of serum creatinine, ESRD, or death

in patients with T2DM with overt nephropathy [37]. In

other words, the D allele of the ACE I/D variation was

associated with unfavorable renal prognosis in patients

with proteinuric T2DM, which could be improved by

treatment with losartan [37].

In addition, SBP was significantly higher in the DN-

ESRD group than the non-DN control group (Table 1),

supporting the suggestion that increased blood pressure

promotes the development of DN in patients with T2DM

[38]. Actually, higher SBP and renal dysfunction or dam-

age are both a cause and consequence of each other. Sev-

eral relevant molecular mechanisms may contribute to the

promotion of hypertensive renal damage or renal hyper-

tension, such as the activation of renin-angiotensin-aldos-

terone system (RAAS) or sympathetic nervous system,

sodium retention, volume expansion, oxidative stress,

endothelial dysfunction, as well as genetic and epigenetic

determinants [39, 40]. Interestingly, in the DN-ESRD

group, carriers of the ACE DD genotype had higher DBP

than carriers of the II genotype (DD vs. II, 81.5 ± 1.9 vs.

75.2 ± 1.6 mmHg, P\ 0.05) and non-significant tendency

towards higher SBP (150.4 ± 3.6 vs. 144.9 ± 3.1 mmHg,

P[ 0.05, Table 4). These results suggest the ACE DD

genotype may be related to elevated blood pressure and

may therefore be associated with the development, pro-

gression, and severity of DN-ESRD in Chinese patients

with T2DM.

However, no differences of genotypic phenotypes

especially elevated DBP and SBP as well as HbA1c were

detected in Japanese and Koreans [18, 19].

In conclusion, this study suggests the DD genotype of

the ACE I/D variation is associated with a higher risk of

ESRD in Chinese patients with T2DM on hemodialysis.

Moreover, the DD genotype may be related to more ele-

vated HbA1c and blood pressure; therefore, the ACE DD

genotype may predict the development, progression, and

severity of DN-ESRD in Chinese patients with T2DM on

hemodialysis.
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