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Abstract- It has recently been shown that an insertion (I)/deletion (D) polymorphism exists in the 
angiotensin-converting enzyme (ACE) gene that can affect the serum ACE level. There are three 
genotypes: DD, DI, and II, with the ACE level being highest in DD, intermediate in DI, and lowest in II. 
The DD genotype has been reported as a genetic risk factor for diabetes mellitus. In the present 

investigation, 170 patients with type 2 diabetes mellitus (T2DM) and 144 control subjects were studied. 
The ACE I/D polymorphism was determined by polymerase chain reaction (PCR) utilizing specific 
primers. ACE activity was determined spectrophotometrically. Distribution of ACE gene (I/D) 
polymorphism and allele frequencies in patients with T2DM were significantly different from those in 
control (P < 0.001); D allele frequency was 51% in T2DM vs. 48% in controls. The level of ACE 
activity was significantly higher in the DD genotype (91.1 ± 23.18) than those in ID (60.6 ± 22.8) and 
in II genotypes (36.8 ± 6.9). There was a significant difference in genotype distribution between the two 

groups (P < 0.001). New normal ranges of serum ACE level were determined for each genotype. 
Moreover, we found test sensitivity to be 62.3%. Serum ACE activity was significantly associated with 
ACE (I/D) gene polymorphism. 
© 2008 Tehran University of Medical Sciences. All rights reserved. 
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INTRODUCTION 

 
It has been shown that patients with active clinical 
diseases tend to have a higher serum ACE level. The 
ACE gene contains a polymorphism based on the 
presence (insertion [I]) or absence (deletion [D]) of a 
nonsense  DNA   fragment.   The   polymorphism   is  
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located in intron 16, so that ACE  itself  does  not  differ 
due to genotype, but the polymorphism accounts for 
47% of the total phenotypic variance in serum ACE 
level. The genotype is classified into three types: 
deletion homozygotes, DD; insertion homozygotes, 
II; and heterozygotes, DI. The serum ACE level of 

DD type is reported to be about twice that of II type 
and DI type is intermediate (1, 2). The DD genotype 
has been reported as a genetic risk factor for 
myocardial infarction, dilated cardiomyopathy, left 
ventricular hypertrophy, IgA nephropathy, diabetic 
nephropathy and hypertension (3, 4).  

In the present study, we examined the 
distribution of genotypes both in type 2 diabetes 
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mellitus (T2DM) and in normal controls to find a 
genetic risk factor. Furthermore, the serum ACE 
level of each genotype was assessed in T2DM and 
normal controls.  

 
MATERIALS AND METHODS 
 

ACE gene polymorphism was studied in 170 patients 
with T2DM and 144 control subjects in Tehran, Iran. 
Patients were recruited from Diabetes Clinic of the 
Imam Hospital, Tehran University of Medical 
Sciences. The diagnosis of T2DM was based on the 
WHO criteria (i.e. fasting plasma glucose level 
higher than 126 mg/dl and/or glucose level 
exceeding 200 mg/dl at 2 hours in the 75 g oral 
glucose tolerance test) (5). Informed consent was 
obtained from patients and control subjects.          
The study was approved by Ethics Committee of 
Tehran University of Medical Sciences. 

Controls did not have any abnormalities 
regarding their physical examination, blood pressure, 
family history, urine analysis and routine    
laboratory blood tests and none of them were 
receiving any medications at the time of 
participation. 

After a 12-hour overnight fasting, 10 ml of 15% 
EDTA anticoagulated blood sample and 5 ml          
of blood without anticoagulant were obtained     
from each individual and centrifuged within 2 hours.  

The D and I alleles were identified on the basis of 
polymerase chain reaction (PCR) amplification of 
the respective fragments from intron 16 of the ACE 
gene and size fractionation and visualization by 
electrophoresis. DNA was extracted from peripheral 
leukocytes with standard techniques (6). PCR was 
performed with 20 pmoles of each primer: sense 
oligo 5'CTGGAGACCACTCCCATCCTTTCT3' 
and anti-sense oligo: 5'GATGTGGCCATCACATT 
CGTCAGAT3' in a final volume of 25 µl, containing 
1.5 mM MgCl2, 50 mM KCl, 10 mM Tris-HCl, pH 
8.3, 0.2 mM of each dNTP, and 0.9 unit of Taq 
polymerase (Fermantas). The DNA was amplified 
for 30 cycles with denaturation at 94° C for 30 s, 
annealing at 58° C for 30 s and extension at 72° C 
for 1 min, followed by final extension at 72° C for 8 

min (DNA Thermal Cycler Eppendorf). PCR 
products were electrophoresed in 2% agarose-gel 

with 5 µg ethidium bromide per milliliter. The 
amplification products of the D and I alleles were 
identified by 300 nm ultraviolet trans-illumination as 
distinct bands (D allele: 190 bp; I allele: 490 bp) 
(Fig. 1). 

 Because the D allele in heterozygous samples 
was preferentially amplified, each sample with the 
DD genotype was subjected to a second independent 
PCR amplification with a primer pair that recognized 
an insertion-specific sequence (hace 5a, 
5'TGGGACCACAGCGCCCGCCACTAC3'; hace   
5c,  5'TCGCCAGCCCTCCCATGCCCATAA 3'), 
under identical PCR conditions except for an 
annealing temperature of 67° C. The reaction yields 

a 335-bp amplicon only in the presence of an I allele, 
and no product in samples homozygous for DD (7, 
8). This procedure demonstrated that approximately 
5.7% of samples (18/314) with the DI genotype were 
misclassified as DD with the insertion-spanning 

primer (Fig. 2). 
Serum ACE level was measured by a 

colorimetric method (turbidimetry assay, modified 
Lieberman method) using p-hydroxyhippuryl-L-
histidyl-L-leucine (Sigma, USA) as the substrate  
(9). 

The allele ratio and genotype distribution of 
diabetic patients and normal control subjects were 
analyzed with chi-square test. Analysis of serum 
ACE level was performed using Mann-Whitney U 
test for comparison of the two groups, and Kruskal-
Wallis test for the three genotypes. A 
P value < 0.05 was considered significant. Values 

are expressed as means ± SD. 

 

 
Fig. 1. Detection of ACE I/D polymorphism. M, 100-1000 
bp DNA ladder; DD homozygous, a single 190 bp product; 
ID heterozygous, both 190 bp and 490 bp; II homozygous, a 
single 490 bp product. 
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Fig. 2. Detection of ACE I/D polymorphism. M, 100-1000 
bp DNA ladder; ID, single 335 bp product; DD, no product. 

 
RESULTS 

 
Of the 144 normal control subjects, 54 had the II 
genotype (37.5%), 69 the DI type (47.9%), and 
21 the DD type (14.6%). Of the 170 T2DM, 28 were 
of II genotype (16.5%), 99 were of DI (58.2%), and 
43 were of DD (25.3%). The observed genotype 
distribution was in agreement with the Hardy-
Weinberg proportion. There were significant 
differences in the genotype distribution between 
normal controls and T2DM cases (Table 1). There 
were no significant differences in the genotype 
distribution and I/D ratio between normal controls 
and T2DM cases (Table 2). 
  

In normal control subjects, the average serum 
ACE level of II, DI, and DD individuals were 
30.6 ± 21.6, 43.4 ± 18.9, and 57.5 ± 20.2 (IU/l), 
respectively. Of the 170 diabetic patients, serum 
ACE levels were measured at the first visit to our 
hospital, with the average values being 36.8 ± 
6.9, 60.6 ± 22.8, and 91.1 ± 23.18 (IU/l) for II, DI, 
and DD types, respectively. Significant differences 

among the three genotypes were found for both 
T2DM patients (P < 0.001) and normal control 
subjects (P < 0. 001). The serum ACE levels in the 
T2DM cases were significantly increased compared 
with those for the respective normal control subjects 

of each genotype (P < 0.0001) (Table 2, Fig. 3). We 
defined the 95% confidence interval of our normal 
control data for each genotype as the new normal 
range of serum ACE level (II type, 24.6 ~ 36.4; DI 
type, 38.9 ~ 48; and DD type, 48.3 ~ 66.7 IU/l), and 
compared the sensitivity of this new range with    
that of the conventional normal range (8.0 ~ 52 IU/l) 

for diagnosis and prognosis of T2DM (Table 1). 
Of 170 patients with T2DM, 62.3% had ACE 

activity of ≥ 52 IU/l. Of the 144 normal subjects, 
72.9% had ACE activity of ≤ 52 IU/l (Table           
3). 
 

Table 1. Allele and genotype frequency of ACE gene insertion/deletion polymorphism in type 2 diabetes and control subjects 

      Normal Controls (n=144) T2DM (n=170)  

P value* % N  % N Variable 

0.02 14.6 21  25.3 43 DD genotype 
0.07 47.9 69  58.2 99 ID genotype 

<0.001 37.5 54  16.5 28 II genotype 

<0.001 38.5 111  54.5 185 D allele 

<0.001 61.5 177  45.5 155 I allele 
Abbreviation: T2DM, type 2 diabetes mellitus. 
*The distribution and comparison of allele and genotype frequency of ACE gene in each group was made using χ2 test analysis, Fisher’s exact and 
likelihood ratio. χ2=19.14, df=2, P < 0.001.  

 

 
Table 2. ACE activity based on of alleles and genotypes frequencies of ACE gene in three groups* 

 II genotype DD genotype ID genotype P value† I allele/D allele 

Type 2 diabetes 36.8± 6.9‡ 91.1±23.18 60.6±22.8 <0.001 0.456/0.546 
Normal control 30.6±21.6 57.5±20.2 43.5±18.9 <0.001 0.615/0.385 
95% confidence interval 24.6~36.4 48.3~66.7 38.9~48.1  IU/l 
P value§ 0.006 <0.001 <0.001   

*Data are presented by Kruskal-Wallis, Mann-Whitney methods. 
† P, Kruskal-Wallis test. 
‡ Mean ± SD.  
§ P, Mann-Whitney test. 
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Table 3. Screening for type 2 diabetes with ACE activity cutoff of 52 IU/L*† 

Group ACE activity ≥ 52 IU/L ACE activity ≤ 52 IU/L Total 
Patients with type 2 diabetes  106 64 170 
Normal controls  39 105 144 
Total 145 169 314 

* Data are given as number. 
†ACE activity of ≥ 52 IU/L = positive test. 

 

DISCUSSION 
 

ACE is a widely distributed zinc-metalloproteinase 
occurring, for example, as a membrane-bound 
ectoenzyme on the surface of vascular endothelial 
cells and renal epithelial cells and as a circulating 
enzyme in plasma. It plays an important role in 
blood pressure homeostasis by activating angiotensin 
I into angiotensin II and inactivating bradykinin (9). 
The ACE gene spans 21 kilobases, is located on the 
17th chromosome q23, and consists of 26 exons and 
25 introns. The polymorphism exists in intron 
16. The length of the insertion is 287 bp, and it is a 
repetition of a meaningless Alu family configuration 
(10, 11).  

Some authors have suggested that the 
insertion/deletion may be in linkage disequilibrium 
with regulatory elements of the ACE gene, or that 

the insertion itself might modify the splicing process 
of the ACE precursor mRNA (12, 13). Some 
investigators have indicated that the I/D ratio 

depends upon race. In Caucasians,  the  I/D ratio was 
 

 

 
 
Fig. 3. Mean of ACE activity based on genotypes in normal 
control (NC) and type 2 diabetes mellitus (T2DM) groups. 

reported to be 0.41/0.59 by Rigat and coworkers 
(14), 0.4449/0.5551 by Lindpaintner and colleagues 
(15), and 0.400/0.600 by Arbustini and coworkers 

(16), which means the D allele is dominant. In 
present study, the I/D ratio was reported to be 
0.41/0.59. 

Stephens et al. examined 1281 T2DM 
patients and control subjects for this polymorphism 
(17). Consistent with our findings, they reported a 
significant difference in I/D ratio or genotype 
distribution between healthy control subjects and 
patients. Regarding the serum ACE level, however, 
the same investigators observed an increase in serum 
ACE level, according to the order II < DI < DD (18-
24). In present study, we demonstrated that there was 
statistically significant difference between ACE 
genotypes in the T2DM patients as compared with 
healthy individuals. Also, there was a significant 
difference between the enzyme activity and genotype 
frequencies between two groups. This activity was 
significantly higher in the DD homozygotes 
compared to ID and II genotypes (P < 0.001). In 
T2DM, elevated serum ACE is believed to be 
produced by adipocytes and inflammatory cells (25). 
The mechanism of control, which is apparently 
influenced by polymorphism, remains to be 
elucidated.  

In T2DM patients, a predictive marker for 
prognosis is desired.  Clinically, serum ACE level is 
useful for the evaluation of disease activity and 
follow up in T2DM (26-30). However, the reported 
sensitivity is not high. We investigated clinical 
sensitivity, specificity and efficacy of ACE activity 
for diagnosis of T2DM. The sensitivity, specificity 
and efficacy of ACE activity were 62.3%, 72.9% and 
67.2%, respectively, implying that only two thirds of 
cases are identified. The fact that the conventional 
normal range is far greater than the respective ranges 
of the three genotypes may be one reason for this 
lower sensitivity. For precise assessment, 
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determination of ACE genotype and the normal 
range of each genotype are necessary. Especially in 
cases with borderline ACE level suspected of 
T2DM, it seems necessary to determine the 
genotype, but we did not find an important role for 
ACE activity in diagnosis of T2DM. 
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