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B Abstract

The insertion/deletion (I/D) polymorphism of the angio-
tensin-converting enzyme gene (ACE) is associated with
altered serum ACE activity. Raised ACE levels and the ACE
DD genotype are associated with a 3.2 to 6.8-fold increased
risk of severe hypoglycemia in type 1 diabetes. This relation-
ship has not been assessed in type 2 diabetes. We aimed to
test for association of the ACE I/D polymorphism with
severe hypoglycemia in type 2 diabetes. Patients with type 2
diabetes (n = 308), treated with insulin (n = 124) or sul-
phonylureas (n = 184), were classified according to whether
or not they had previously experienced severe hypoglycemia.
Samples of DNA wete genotyped for the ACE 1/D poly-
morphism using two alternative polymerase chain reactions
to prevent mistyping due to preferential amplification of the

D allele. Overall, 12% of patients had previously experi-
enced one or more episodes of severe hypoglycemia. This
proportion did not differ between genotype groups (odds
ratio (95% confidence limits) for carriers of D allele relative
to II homozygotes: 0.79 (0.35-1.78)). This study found no
evidence for association of the ACE I/D polymorphism
with severe hypoglycemia frequency in patients with type 2
diabetes. However, we cannot rule out a smaller effect (odds
ratio < 1.78). Our results suggest that any effect of ACE
genotype on severe hypoglycemia risk in type 2 patients is
likely to be smaller than that seen in type 1 diabetes. We
recommend future larger-scale studies.

Keywords: ACE - angiotensin-converting enzyme - as-
sociation * deletion * hypoglycemia - insertion * polymor-

phism - type 2 diabetes

Introduction

ypoglycemia is the limiting factor in the achieve-

ment of optimal glycemic control for patients
with diabetes [1] and can cause unpleasant symptoms,
fear, anxiety, abandonment of treatment plans or in-
crease the risk of accident and injury [2]. Less attention
has been given to hypoglycemia in patients with type 2
diabetes than type 1 diabetes [2]. This is probably due
to the lower frequency of, and mortality from, hypo-
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glycemic events in patients with type 2 diabetes [1]. Es-
timates of the frequency of severe hypoglycemia (re-
quiring assistance from another person to effect recov-
ery) in type 2 diabetes vary greatly, from 2 to 73 epi-
sodes per 100 patient years [3-6] compared with 62 to
180 episodes per 100 patient years in type 1 diabetes
[3, 7-9]. Hypoglycemia incidence in type 2 diabetes is
higher in patients treated with insulin [10] and there is
evidence that the frequency of severe hypoglycemia is
similar in patients with type 1 and type 2 diabetes
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matched for duration of insulin therapy [11]. In view
of the above, and since 90% of all people with diabetes
have type 2 diabetes [2], the study of hypoglycemia in
this group arguably deserves as much attention as in
type 1 diabetes.

A common polymorphism in the gene for angio-
tensin-converting enzyme (ACE), located on chromo-
some 17q23.3, is reproducibly associated with severe
hypoglycemia in type 1 diabetes [8, 12]. Situated in in-
tron 16, the polymorphism is characterized by the in-
sertion (I) or deletion (D) of a 287-bp A/ repeat ele-
ment [13, 14]. The I and D alleles occur with roughly
equal frequency in the U.K. population [15]. The D
allele results in higher serum ACE concentrations than
the I allele [8, 12, 13, 106], accounting for 47% of the
total phenotypic variance in serum ACE [13]. ACE is
expressed in a wide range of tissues and the enzyme is
present in the circulation [17]. As part of the renin-
angiotensin system, ACE is responsible for the conver-
sion of angiotensin I to angiotensin II (AIl) [17].

Multiple associations have been reported with the
ACE 1/D polymotphism. The D allele is associated
both with increased serum ACE levels and risk of se-
vere hypoglycemia (retrospectively and prospectively)
in type 1 diabetes [8, 12]. In addition, serum ACE and
severe hypoglycemia in type 1 diabetes are significantly
correlated [8, 9, 12]. The polymorphism has been stud-
ied in relation to type 2 diabetes and correlated with
the presence of macrovascular [18, 19] and microvas-
cular complications [20-22] and with the progression
of diabetic nephropathy [23, 24]. However, much of
this evidence remains controversial [17, 18, 25, 26].
The ACE 1/D polymotphism may be associated with
insulin sensitivity. Patients with type 2 diabetes or
healthy or overweight subjects carrying the D allele or
DD genotype have increased insulin sensitivity [27-30].
However, these studies were small (n = 100) and the
association is not always seen [31].

The ACE 1/D polymorphism has not been studied
in relation to severe hypoglycemia in type 2 diabetes.
We aimed to carry out a preliminary assessment of the
relationship between ACE genotype and frequency of
severe hypoglycemia in patients with type 2 diabetes.

Methods

Subjects, clinical characteristics and hypoglycemia questionnaire

Patients were recruited from Exeter (U.K.) and the
surrounding region as part of a community-based col-
lection of patients with diabetes. The inclusion criteria
for this particular study were that patients should have
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type 2 diabetes (age at diagnosis = 25 years; diagnosed
by consultant diabetologist) and be treated for this
with either insulin or sulphonylurea medication. Even
though hypoglycemia may differ clinically between pa-
tients on insulin and sulphonylureas, we included both
groups because there are no previous studies on the
effect of the ACE I/D polymorphism on sevete hy-
poglycemia in type 2 diabetes and therefore no evi-
dence to suggest that an effect of genotype would dif-
fer between the two groups. Our patients were re-
cruited from outpatients clinics and general practice
centres. Given that a large proportion of these patients
take ACE inhibitor or AIl receptor blocker medica-
tion, this group was not excluded. The clinical charac-
teristics of subjects are shown in Table 1. This work
conforms to the ethical guidelines of the World Medi-
cal Association Declaration of Helsinki. It was ap-
proved by the North and East Devon Local Research
Ethics Committee and all patients gave their informed
consent.

Table 1. Clinical characteristics of patients

Characteristic Patients with type 2 diabetes
(N = 308)

Gender (% male) 54.5

Age at diagnosis of diabetes (yr) 58 (50-65)

Duration of diabetes (yr) 10 (5-14)

BMI (kg/m?2)* 29 (26-34)

Insulin/Sulphonylurea (%) 40.3/59.7

ACE inhibitor medication (%0) 46.4

AlI receptor blocker medication (%) 114

ACE inhibitor or AlI receptor 55.5

blocker medication (%0)

Legend: Continuous data are given as median (interquartile range). ACE:
angiotensin-converting enzyme. AL angiotensin II. * BMI data available
for 279 patients.

Information regarding treatment, hypoglycemia
frequency and complications was collected from pa-
tients using a written questionnaire or interview. Defi-
nitions of mild (self-treated) and severe (requiring help
from another person to effect recovery) hypoglycemia
were given at the top of the questionnaire or explained
during the interview. Enquiry was made about the fre-
quency of severe hypoglycemia using the following
categories: never; < 1 per year; 1-3 episodes per yeat;
4-12 per year; > 1 per month; > 1 per week. However,
only 37 individuals (12%) had ever previously experi-
enced severe hypoglycemia (9 1I; 18 ID; 10 DD). Of
these, 21 patients reported 1-2 episodes in total, 4 re-
ported 3-4 episodes, 5 patients reported 5 or more epi-
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sodes and 7 did not specify. Owing to this small af-
fected percentage, data were simply analyzed according
to whether patients had or had not ever previously ex-
perienced an episode. These data were collected with-
out prior knowledge of a patient’s genotype.

Genotyping and guality control

Genomic DNA was isolated from leukocytes using
standard techniques. The ACE genotype of each sub-
ject was determined by two polymerase chain reactions
(PCRs) and was performed without knowledge of pa-
tients’ clinical characteristics. In the first PCR, a pair of
primers was used to amplify the region of intron 16
which contains the 287-bp insertion/deletion poly-
morphism [13]. These were 5-CTG GAG ACC ACT
CCC ATC CTT TCT-3" (forward) and 5-GAT GTG
GCC ATC ACA TTC GTC AGA T-3’ (teverse). The
first PCR was performed in a final volume of 25 ul
containing 50 ng genomic DNA, 20 pmol each primer,
2 mmol/l MgCl,, 0.25 mmol/1 each of deoxy-ATP, -
CTP, -GTP and -TTP and 0.5 U Amplitaq Gold DNA
polymerase (Applied Biosystems, Warrington, UK).
The reaction started with 15 min denaturation at 95°C,
followed by 35 cycles of denaturation at 94°C for 1
min, annealing at 58°C for 1 min and extension at 72°C
for 1 min. This was completed by a final extension at
72°C for 10 min. The PCR products were visualized
with ethidium bromide staining after electrophoresis
on a 2% agarose gel. Products containing the insertion
allele (I) were visible as a band at approximately 490
bp, whilst deletion (D) products were visible at ap-
proximately 190 bp.

Due to preferential amplification of the D allele, it
is possible that ID heterozygotes may be mistyped as
DD homozygotes [32]. Thus the second PCR was an
I-specific amplification method, which was used on all
samples initially typed as DD. This produced a 335 bp
amplicon only in the presence of the I allele. The
ptimers were 5-TGG GAC CAC AGC GCC CGC
CAC TAC-3 (forward) and 5-TCG CCA GCC CTC
CCA TGC CCA TAA-3’ (reverse). PCR reaction con-
ditions were as described above, apart from the anneal-
ing temperature, which was increased to 67°C. Prod-
ucts were visualized with ethidium bromide staining
after electrophoresis on a 2% agarose gel. All geno-
types were scored independently by two individuals,
and ambiguous genotypes were repeated. 75 randomly
selected samples (21%) were retyped to check for in-
consistencies. Inconsistencies in results were only seen
in genotyping of DD subjects with the I-specific PCR,
where the absence of product from an individual is
consistent with either the absence of the I allele or a
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failure of amplification. As a result all samples scored
as DD in the first PCR were all genotyped using the I-
specific PCR at least twice.

Statistical analysis

We used Chi-square tests to test for association be-
tween ACE genotype and severe hypoglycemia and
various clinical characteristics, and to calculate odds
ratios and P values. We also used Chi-squate tests to
compare treatment groups with regard to prior experi-
ence of severe hypoglycemia. Age of patient, age at di-
agnosis and BMI were compared among genotype
groups using univariate ANOVA (all genotypes) and
the independent samples # test (DD/ID versus II).
BMI data were log-transformed to normalize. Data on
diabetes duration were compared among genotype
groups using the Kruskal-Wallis test (all genotypes)
and the Mann-Whitney U test (DD/ID versus II).

Our sample of 308 patients gave us 80% power to
detect odds ratios (ORs) for alleles of 2.05 at p < 0.05
(two-tailed), based on a D allele frequency of 0.53 [15].
For comparison with the results of Pedersen-Bjergaard
et al. [8] we had 70% power to detect ORs for the DD
vs II genotype groups of 3.2 at p < 0.05 (one-tailed).
These power calculations assume that 12% of subjects
had previously experienced severe hypoglycemia.

Results

Genotyping and guality control

The overall genotyping assay success rate was 99%.
Genotypes were in Hardy-Weinberg Equilibrium (Chi-
square p = 0.16). Frequencies of the I (0.48) and D
(0.52) alleles were similar to those observed in previous
studies [8, 15].

ACE genotype and severe hypoglycenia

There was no association of the presence of the D
allele with previous severe hypoglycemia experience
(OR: 0.79 (0.35-1.78); p = 0.32 (2-tailed); Table 2). DD
homozygotes had no more risk of severe hypoglycemia
than II homozygotes (OR: 0.90 (0.34-2.37); p = 0.42
(1-tailed).

Patients treated with insulin had a higher frequency
of previous severe hypoglycemia (23 insulin-treated
patients had experienced one or more episodes, com-
pared with 14 sulphonylurea-treated; OR: 2.77 (1.36-
5.62); p = 0.004 (2-tailed)). However, there remained
no association between genotype and severe hypogly-
cemia experience when patients were stratified accord-
ing to treatment for diabetes (insulin (OR for DD/ID
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versus II: 0.66 (0.23-1.89)); sulphonylurea (OR: 0.99
(0.26-3.72))). Similarly, there was no association be-
tween genotype and severe hypoglycemia experience
when patients were stratified according to treatment
targeted at ACE or the All receptor (ACE inhibitor or
ATI receptor blocker medication (OR for DD/ID vet-
sus II: 0.57 (0.20-1.61)); no medication (OR: 1.20
(0.32-4.52))).

There was no association of genotype with sex, age,
duration of diabetes, age at diagnosis, BMI, ACE in-
hibitor/AIl treceptor blocker medication or diabetes
medication (p > 0.05).

Table 2. Result of test for association of the presence of the D allele with severe hypoglycemia

33]. The strongest effect of ACE genotype or serum
ACE activity on severe hypoglycemia risk in type 1
diabetes occurs in C-peptide-negative subjects who are
already at higher risk of severe hypoglycemia [8, 12].
We found no evidence that the ACE I/D polymot-
phism is associated with severe hypoglycemia in our
insulin-treated patients, whom we confirmed were at
higher risk of severe hypoglycemia than those on sul-
phonylurea medication. A second caveat, again due to
the lower frequency of severe hypoglycemia in type 2
diabetes, is that we were unable to use data on the
number of episodes reported per person. Pedersen-
Bjergaard e al. [8] found that
the differences between geno-

Previous experience of

Genotype (n = 308)

severe hypoglycemia

(95% confidence limits)

type groups were primarily
due to a higher number of
episodes per patient with the

Odds ratio

DD or ID (n = 244) II (n= 64)
Yes (n = 37) 28 (0.11) 9 (0.14) 0.79 (0.35-1.78)
No (n = 271) 216 (0.89) 55 (0.86)

DD genotype reporting severe
hypoglycemia, whereas the
proportion of people report-

Legend: Numbers (and frequencies) of patients with or without previous severe hypoglycemia experience are
divided according to genotype group. The odds ratio is calculated for presence versus absence of the D allele.

Discussion

We have found no evidence that the ACE gene in-
sertion/deletion polymorphism is associated with risk
of severe hypoglycemia in type 2 diabetes. This is con-
trary to studies in type 1 diabetes, which have shown
relative risks of 3.2 for DD relative to 11 homozygotes
[8], or 5.3 and 6.8 for the ID and DD genotypes re-
spectively in C-peptide-negative patients [12]. Our re-
sults suggest that we can exclude large effects (OR >
1.78) of the presence of the D allele on severe hypo-
glycemia risk in type 2 diabetes.

There are potential weaknesses in this study. Firstly,
although our study was larger than similar association
studies in type 1 diabetes [8, 12], it was relatively
underpowered due to the lower frequency of severe
hypoglycemia in type 2 diabetes. Since estimates of se-
vere hypoglycemia frequency in type 2 diabetes vary
widely [3-0], it was difficult to predict  priori the nec-
essary sample size. Using the figure for severe hypo-
glycemia frequency obtained from the present study,
we estimate that in future studies, 3000 patients with
type 2 diabetes would be required for 80% power to
detect ORs for alleles of 1.25 at p < 0.05 (2-tailed; D
allele frequency = 0.53). It may be possible to reduce
this by selecting type 2 patients at higher risk of hypo-
glycemia: over time, and with diminishing endogenous
insulin production and glucose counter-regulation, the
risk in type 2 diabetes approaches that of type 1 [1, 10,
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ing at least one episode did
not differ significantly be-
tween genotype groups in
their study. A third potential
limitation is that over half of the patients in our sample
were on ACE inhibitor or AIl receptor blocker medi-
cation, which may modulate ACE activity. Since the
effect of ACE genotype on severe hypoglycemia risk
in type 1 diabetes is believed to act through its effect
on serum ACE concentrations [8, 12], any effect of
genotype may have been masked in these patients [§].
However, in the original study by Pedersen-Bjergaard
et al. only 55 patients on such medication were geno-
typed, and although no association was seen between
severe hypoglycemia risk and genotype in this group,
there was not sufficient statistical power for their 95%
confidence intervals to exclude the effect seen in the
non-treated individuals [8]. The original study also
showed no difference in severe hypoglycemia risk be-
tween those treated with ACE inhibitor/ARB medica-
tion and the non-treated group (RR 0.85 (0.5-1.6; p =
0.6), even though serum ACE activity was significantly
lower in the former group (p < 0.0001). As our study is
the first to explore the association between ACE geno-
type and type 2 diabetes, we did not feel there was suf-
ficient evidence to exclude the large proportion of pa-
tients on ACE inhibitors or ARBs, but recognized that
it was imperative to do a stratified analysis. We found
no evidence that the ACE I/D polymorphism is asso-
ciated with severe hypoglycemia in patients not treated
with ACE inhibitor or AII receptor blocker medica-
tion.
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potential

To conclude, this is the first study to examine the
association of the _ACE gene inser-

tion/deletion polymorphism with severe hypoglycemia

in

type 2 diabetes. With ample power to detect the

odds ratio seen in type 1 diabetes [8], we have found

no evidence for an association, but we do not have the
power to exclude a small effect.
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