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Angiotensin-converting enzyme gene DD genotype
is associated with increased systolic blood pressure
in an Australian Rural Type 2 Diabetic Cohort
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The renin-angiotensin system is an impor-
tant autocrine and paracrine system that
influences large and small vessel function.
In hypertensive patients, there is significant
evidence to suggest that reduced arterial
compliance is due to activation of the local
renin-angiotensin system.1 Gene regulation
of renin-angiotensin system activity through
angiotensin-converting enzyme gene (ACE)
polymorphisms likely has a role in the
development of hypertension. ACE polymor-
phism refers to the presence (insertion,
denoted I) or absence (deletion, denoted D)
of a 287-bp sequence of DNA in intron 16 of
the ACE gene (rs4340).2 Presence of the D
allele is associated with higher levels of
circulating and tissue ACE and is associated
with increased arterial stiffness.3 Many
studies investigating the effects of the ACE
polymorphisms on systolic blood pressure

(SBP) have been inconclusive in hetero-
geneous ethnic origin populations, but not
so in some rural population studies.4 Based
on an informatics search in Pubmed with
combinational search terms (‘rural’ ‘diabetes’
‘ACE gene’, ‘Caucasian’), associations between
the ACE gene, systolic pressure and type 2
Diabetes Mellitus (T2DM) have not been
evaluated in a Caucasian rural environment.
The aim of our study was to examine the
effects of ACE I/D polymorphism on SBP in
an Australian rural Caucasian T2DM popula-
tion compared with age-matched controls.
Human ethics clearance was obtained from

Charles Sturt University, as well as written
informed consent from the patients involved
in the present study.5 The study group was
from a well-characterized New South Wales
rural cohort consisting of type 2 adult
diabetics (n¼ 43) and controls (n¼ 93).

This cohort was derived from the Charles
Sturt University Diabetes Screening Research
Initiative.5 Two BP readings at the upper arm
were taken with the patient in a supine
position, after resting for 30min, and the
average recorded. Following BP determi-
nation, a blood sample was obtained for
genomic DNA extraction. DNA was
extracted from frozen blood samples using
the QIAamp DA blood mini kit (Qiagen
GmbH, Hilden, Germany) according to the
manufacturer’s instructions. The extracted
DNA was then genotyped for the ACE
polymorphism using the triple primer
method (Evans, 1994) and electro-
phoresis using a 6% polyacrylamide gel.
Demographics according to ACE polymor-
phism for controls and T2DM are shown in
Table 1a. All statistical tests were carried out
using analysis of variance followed by a Tukey

Table 1a Demographics of cohort according to genotype and diabetic status

T2DM (n¼43) Controls (n¼93)

Genotype DD (n¼9) ID (n¼25) II (n¼9) DD (n¼20) ID (n¼49) II (n¼24)

Age (years) 67.6±7.0 68.3±7.6 67.3±7.9 67.2±10.2 65.9±10.9 64.0±10.0

Male/Female 2/7 12/13 4/5 9/11 20/29 8/16

Duration of diabetes 12.9±7.9 11.4±5.4 13.2±6.7 N/A N/A N/A

Hypertension (%) 88.9 76.0 77.8 35.0 36.7 37.5

Duration of hypertension (years) 25.0±13.2 14.7±11.5 21.0±8.8 11.7±8.4 10.1±8.3 12.6±13.8

Current smoker (%) 0.0 4.0 0.0 0.0 0.0 0.0

Alcohol (%) 11.1 8.0 0.0 0.0 8.2 4.2

BMI 31.4±8.8 29.7±5.4 29.1±3.3 26.7±4.5 27.5±4.8 26.8±4.2

Waist circumference (cm) 107.1±18.0 104.1±16.7 101.3±11.4 94.2±9.9 96.3±12.9 93.5±12.8

HR 68.7±9.8 69.5±11.2 71.0±10.4 64.1±9.4 65.8±11.3 61.1±7.2

SBP (mm Hg) 146.8±32. 8 124.7±14.2 125.6±7.5 121.9±15.8 125.0±16.9 127.8±22.0

DBP (mm Hg) 77.3±9.8 73.8±8.7 71.7±6.6 73.0±5.2 73.1±9.2 75.1±8.4

eGFR (ml min�1) 77.0±14.5 76.3±15.2 70.9±21.2 76.0±15.0 79.4±13.5 85.0±7.4

HbA1c (%) 6.9±0.6 6.6±0.9 7.3±1.1 5.5±0.3 5.6±0.3 5.7±0.8

Screening glucose (mmol l�1) 7.8±9.8 7.4±1.8 9.5±1.1 5.4±0.4 5.6±0.7 5.8±1.5

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HbA1c, Glycated Haemoglobin; HR, heart rate; T2DM, type 2 Diabetes Mellitus;
SBP, systolic blood pressure.
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post hoc test. Demographics are presented as
% differences, means þ /� s.d.
The ACE genotypes are in Hardy–

Weinberg equilibrium in both T2DM and
control groups. The distributions of alleles D
and I are not significantly different in T2DM
and control groups (50 and 50% vs. 47.8%
and 52.2%). We observed that the T2DM
ACE DD genotype had a significantly higher
SBP (Po0.03) compared with the ID and II
T2DM subgroups. When we compared SBP
on the basis of the ACE DD genotype for the
T2DM subgroup vs. controls (146.8±32. 8
vs. 121.9±15.8, respectively) there was a sig-
nificant difference (Po0.05). When we stra-
tified controls on the basis of ACE genotype
(DD vs. ID vs. II;) we did not observe any
significant mean SBP differences (P¼NS,
non significant). Our findings show that
there were no significant differences in mean
SBP between T2DM and controls (P¼NS).
The potential for use of antihypertensive

medication in the ACE DD T2DM subgroup
to influence the findings was explored.
Individual classes of antihypertensive medi-
cation based on the proportions of self
reported use did not significantly differ
across T2DM subgroups based on genotype
(P¼NS; Table 1b).
Thus, our significant finding was that the

ACE DD genotype was associated with
increased SBP in this small cohort. This
suggests a recessive genetic model as there
was no significant difference between T2DM
subjects with one D allele and those without
D allele. Overall our finding is interesting
because in a Caucasian rural environment an
association ACE DD genotype is found with
SBP in T2DM patients, but not age-matched
controls. The development of hypertension in
the presence or absence of diabetes may result

from different genetic and environmental
factors, implying that pathogenic mechanisms
for hypertension may differ between diabetic
and non-diabetic populations.6,7

Our study indicates an inherent advantage
of working with rural populations where
there is little migration and ethnic origin is
more defined (European ancestry), thus per-
mitting statistical significance to be reached
in smaller pilot sample size populations.
Additionally, we observed that our rural
study T2DM population had a lower fre-
quency for ACE inhibitor use compared with
urban populations (unpublished observa-
tions), possibly allowing for a greater ability
to find ACE gene effects. The mean age of
our diabetic cohort was 68 years and simi-
larly 66 years for controls. It is well-known
that there is a late fall in diastolic BP after age
60 years, associated with a continual rise in
SBP, consistent with increased large artery
stiffness.8 Increased SBP in our T2DM
ACE/DD population is likely to be
associated with endothelial dysfunction. For
example, the ACE/DD genotype has been
previously been shown to be associated
with hemostasis balance disturbances and
endothelial damage.9 Indeed higher SBP
prevalence in relation to aging likely
advances endothelial dysfunction associated
with aging through an increase in oxidative
stress.10 Oxidative stress would be
particularly higher in T2DM.
In summary, higher SBP, left untreated,

may accelerate large artery stiffness and, thus,
perpetuate a vicious cycle.8 In particular this
vicious cycle may be relevant to our aging
T2DM patients who carry the ACE DD
genotype with high or borderline normal
SBP, and are being undertreated with ACE
inhibitors or angiotensin receptor blockers.11
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Table 1b Frequency of hypertensive medications

T2DM (n¼43) Controls (n¼93)

Genotype DD (n¼9) ID (n¼25) II (n¼9) DD (n¼20) ID (n¼49) II (n¼24)

*ACE I (%) 33.3 20.0 33.3 15.0 14.3 4.2

*b-Blocker (%) 33.3 40.0 33.3 15.0 10.2 8.3

*CCB (%) 11.1 12.0 33.3 5.0 8.2 4.2

*Diuretic (%) 11.1 16.0 22.2 5.0 8.2 4.2

ARB (%) 33.3 44.0 44.4 15.0 16.3 25.0

Abbreviations: ACE, angiotensin-converting enzyme gene; ARB, angiotensin receptor blockers; CCB, calcium channel blocker;
T2DM, type 2 diabetes mellitus.
*Po0.05.
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