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Summary The deletion allele of the insertion/deletion 
polymorphism of the angiotensin-converting enzyme 
gene has been suggested to be an independent risk 
factor for myocardial infarction, particularly in sub- 
jects judged to be "low-risk" by the criteria of lipid 
status and body mass index. In a prospective, mat- 
ched case-control study, we have investigated the 
role of this polymorphism as a risk factor for myocar- 
dial infarction in 173 newly-diagnosed British Cauca- 
sian non-insulin-dependent diabetic subjects taken 
from the United Kingdom Prospective Diabetes 
Study who subsequently developed myocardial inf- 
arction and 297 control subjects from the same study 
population matched for known cardiovascular risk 
factors including age at diagnosis of diabetes, gen- 
der, blood pressure, low-density lipoprotein choles- 
terol, high-density lipoprotein cholesterol, triglycer- 
ide and smoking habit. A trend towards increased 
risk conferred by homozygosity for the deletion al- 

lele was observed in cases (odds ratio 1.63, p = 0.09). 
When the population was stratified according to the 
matched risk factors, the deletion allele was associ- 
ated with myocardial infarction in those with low 
plasma low-density lipoprotein cholesterol (odds ra- 
tio 3.67, p = 0.002), or low triglyceride (odds ratio 
3.14,p = 0.005). The strongest association of the dele- 
tion allele with myocardial infarction was observed in 
subjects with both low low-density liPoprotein cho- 
lesterol and low triglyceride levels (odds ratio 9.0, 
p < 0.001). These results show that the deletion allele 
is a risk factor for myocardial infarction in non-insu- 
lin-dependent diabetic patients who have a favour- 
able lipid profile. [Diabetologia (1995) 38: 948-952] 
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Since the renin-angiotensin system plays a major role 
in vascular function, the angiotensin-converting en- 
zyme (ACE) gene has been investigated as a candi- 
date gene for susceptibility to vascular disease in hu- 
mans. An insertion/deletion (I/D) polymorphism, ow- 
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ing to the presence or absence of a 287 base pair frag- 
ment in intron 16 of the gene, was found to be in 
strong linkage disequilibrium with a major gene poly- 
morphism, as yet uncharacterised, accounting for ap- 
proximately 50 % of the total variability in plasma 
ACE level [1-3]. A large case-control study carried 
out in France and Northern Ireland reported an in- 
creased risk of myocardial infarction (MI) in sub- 
jects with the DD genotype; subgroup analysis dem- 
onstrated this association to be confined to subjects 
classified as "low risk", based on a low body mass in- 
dex (BMI) and low apolipoprotein B level [4]. In the 
control group of the same study population, the pres- 
ence of the D allele was shown to be associated with 
an increased frequency of parental MI [5]. The D al- 
lele has been found to be more frequent in autopsied 
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Table 1. Description of cases of myocardial infarction and matched control subjects 
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Matched excluding hypertensive status 

Cases 

Matched including hypertensive status 

Control subjects Cases Control subjects 

n 163 163 134 134 
Male gender n (%) 112 (69) 112 (69) 96 (72) 96 (72) 
Age (years) 56.3 (6.7) 56.7 (6.5) 56.2 (7.2) 55.8 (6.9) 
BMI (kg/m 2) 29.1 (5.5) 28.8 (4.6) 29.0 (5.5) 28.9 (4.6) 
Hbalc (%) 9.3 (8.0-10.5) 8.8 (7.5-10.8) 9.3 (8.1-10.5) 8.7 (7.2-10.7)" 
LDLC (mmol/1) 3.64 (3.05-4.45) 3.61 (3.05-4.38) 3.62 (3.05-4.31) 3.64 (3.04-4.32) 
TO (mmol/1) 1.68 (1.31-2.52) 1.63 (1.67-2.42) 1.58 (1.31-2.31) 1.60 (1.28-2.24) 
HDLC (mmol/1) 0.99 (0.83-1.11) 0.96 (0.85-1.11) 1.00 (0.84-1.11) 0.95 (0.85-1.10) 
SBP (mmHg) 139 (126-150) 140 (123-152) 138 (125-150) 135 (123-149) 
DBP (mmHg) 85 (80-90) 81 (75-90) b 85 (78-90) 81 (77-89) 
HTNRx n (%) 39 (24) 28 (17) c 24 (18) 24 (18) 
Smoking (n/x/c) 29/72/62 29/72/62 26/56/52 26/56/52 

LDLC, LDL-cholesterol; TG, triglyceride; HDLC, high den- 
sity lipoprotein cholesterol; SBR systolic blood pressure; 
DBP, diastolic blood pressure; HTNRx, antihypertensive ther- 
apy; Smoking graded as never/ex/current 

Data given as mean for normally distributed data and median 
(interquartile range) for non-normally distributed data, ex- 
cept where stated 
ap = 0.04; bp = 0.012; ~ = 0.01 

cases of  def ini te  or possible MI  than  in cont ro l  sub- 
jects t aken  f rom a Belfast  popu la t ion  [6]; a recen t  ret-  
rospect ive  case-contro l  s tudy carr ied out  in French  
subjects with non- insu l in -dependen t  diabetes  
( N I D D M )  also found  associat ion be tween  the D al- 
lele and c o r ona r y  hear t  disease ( C H D )  [7]. How-  
ever,  in a case-contro l  s tudy carr ied out  in a Norwe-  
gian popula t ion ,  B o h n  and col leagues [8] did not  ob- 
serve an associat ion of  D D  geno type  with MI,  even  
in " low-risk" patients.  

The  U K  Prospec t ive  Diabe te s  S tudy ( U K P D S )  is a 
mul t i -cent re ,  prospect ive ,  randomised ,  in te rvent ion  
trial of  5102 newly-d iagnosed  pat ients  with N I D D M  
which aims to de t e rmine  whe the r  improved  b lood  
glucose cont ro l  will p r even t  complicat ions  and re- 
duce  the associated morb id i ty  and mortali ty.  A de- 
script ion of  the s tudy design has been  publ ished [9]. 
We have  invest igated the ro le  of  the  I /D polymor-  
phism of  the A C E  gene  as a risk fac tor  for  MI  in this 
high-risk popula t ion ,  in a case-contro l  study, match-  
ing o the r  cardiovascular  risk factors  as de t e rmined  
at en t ry  to the study. 

Subjects, materials and methods 

One hundred and seventy-three patients who had suffered fa- 
tal or non-fatal MI since enrolment in UKPDS were ascer- 
tained (cases). Control subjects were patients drawn from UK- 
PDS who had no evidence of CHD, and who were matched for 
the following cardiovascular risk factors: age at diagnosis of di- 
abetes; sex; LDL-cholesterol (within 1 mmol/1); HDL-choles- 
terol (within 0.3 mmol/1); triglyceride (within 0.3 mmol/1); and 
smoking status at enrolment (current/former/never). Lipid 
variables were measured at diagnosis. To enable assessment of 
whether any association of ACE genotype with MI could arise 
from an effect of ACE genotype on blood pressure, two groups 
of control subjects were selected: one matched for hyperten- 
sive status as determined by systolic blood pressure (mean of 
two readings taken 2 and 9 months after enrolment, matched 

to within 10 mmHg) and presence of antihypertensive treat- 
ment at diagnosis of diabetes in addition to the above vari- 
ables; the other unmatched for hypertensive status. The clini- 
cal endpoint of MI was validated independently by two asses- 
sors [9]. Within the UKPDS, blood was drawn for genetic anal- 
ysis commencing 1January 1989. By this time, 128 of the 5102 
enrolled subjects had died. At the time of the current study, 
the total number of deaths in the UKPDS cohort was 499. Of 
the patients who died after enrolment 75 % were therefore eli- 
gible for inclusion in the current study. 

Genomic DNA was extracted using the Nucleon method 
(Scotlab Ltd. Paisley, UK) according to the manufacturer's in- 
structions. DNA (500 rig) was amplified using the polymerase 
chain reaction, as described by Rigat et al. [10]. Thirty cycles 
of amplification were performed using a Perkin-Elmer/Cetus 
DNA Thermal Cycler (Norwalk, Conn., USA), with denatur- 
ation for i min at 94 ~ annealing for i min at 60 ~ and ex- 
tension for i rain at 72 ~ Each 25 ~1 reaction contained PCR 
buffer (3 retool/1 magnesium chloride, 50 mmol/1 potassium 
chloride, 10 mmol/1 Tris HC1 (pH 8.4 at 20~ 0.1% Triton 
X-100, 0.2 mmol/1 dNTPs (Pharmacia, Uppsala, Sweden)), 
1 U Taq polymerase (Advanced Biotechnologies, London, 
UK), and 20 pmol of each primer. Reaction products were 
electrophoresed on 2 % agarose gels, stained with ethidium 
bromide, and viewed under ultraviolet light for allele identifi- 
cation. 

In view of the concern about possible under-amplification 
of the I allele in ID heterozygotes [11] all the individuals with 
DD genotype using the above protocol were reamplified us- 
ing an I-allele specific primer [12], with modification in reac- 
tion conditions such that denaturation took place at 93 ~ an- 
nealing at 65 ~ and extension at 72 ~ Where a DD sample 
amplified using the I-specific primer, it was coded ID. 

Statistical analysis 

Statistical analysis was performed using SAS (SAS Institute 
Inc, Cary, N.C., USA) on a VAX computer. Paired samples 
were compared for continuous variables using paired t-test, 
and for categorical data using McNemar's test statistic. Odds 
ratios are given with 95 % confidence intervals, which were ob- 
tained using Mantel-Haenszel estimates. 
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Table 2. ACE genotypes in cases of myocardial infarction and 
matched control subjects 

Genotype Matched excluding 
hypertensive status 

Matched including 
hypertensive status 

Cases Control Cases Control 
subjects subjects 

DD n (%) 46 (28) 36 (22) 40 (30) 28 (21) 
ID 80 (49) 88 (54) 63 (47) 80 (60) 
II 37 (23) 39 (24) 31 (23) 26 (19) 

Data given as mean (SD) 

Results 

Table 1 shows the clinical and biological  character is-  
tics of  the subjects. For  the  173 cases selected,  it was 
possible in 163 to ma tch  for  risk factors  excluding hy- 
per tens ive  status, and in 134 to ma tch  including hy- 
per tens ive  status. Compar i son  of  the  m a t c h e d  risk 
factors  b e t w e e n  cases and cont ro l  subjects m a t c h e d  
for  hyper tens ive  status showed  no  statistically signif- 
icant  differences.  G lyca ted  haemoglob in ,  which was 
an u n m a t c h e d  variable ,  was significantly h igher  in 
the case group  (p =0.04) .  Compar i son  b e t w e e n  
cases and  cont ro l  subjects u n m a t c h e d  for  hyper ten-  
sive status showed  that  diastolic b lood  pressure  in 
cases was significantly h igher  than  in the cont ro l  sub- 
jects (p = 0.012) despi te  a significantly h igher  pro-  
por t ion  of  cases being on  an t ihyper tens ive  t reat-  
men t  (p = 0.01). Table  2 shows the  f requenc ies  of ge- 
no types  in case and contro l  populat ions.  The  fre- 
quency  of  geno types  in the total  popu la t ion  did no t  
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differ  significantly f rom Hardy -Weinbe rg  equilib- 
r ium. 

Table  3 shows the compar i son  of A C E  genotypes  
b e tw een  cases and contro l  subjects m a t c h e d  bo th  in- 
cluding and excluding hyper tens ive  status. A t rend  
towards  associat ion of  D D  geno type  with MI was ob- 
served w h en  cases were  c o m p a r e d  with e i ther  cont ro l  
group. H o w ev e r ,  in ne i the r  compar i son  did the  excess 
risk of  MI  confe r red  by  D D  reach  statistical signifi- 
cance. 

In accordance  with the  pre-exist ing da ta  f rom 
Cambien  et  al. [4], tha t  D D  geno type  is a risk fac tor  
in subjects classified as " low risk" on grounds  of  lipid 
levels and BMI,  the popu la t ion  was strat if ied into a 
"high-r isk" and a " low-risk" subgroup  based  on  each 
of  the  m a t c h e d  cardiovascular  risk factors  in turn.  
For  the  cont inuous  risk factors, the value  used to strat- 
ify the  popu la t ion  was the m e a n  va lue  in the  case pop-  
utation.  Accordingly,  cases and cont ro l  subjects with 
lower  LDL-cho les t e ro l ,  t r iglyceride,  and age, and 
h igher  H D L - c h o l e s t e r o l  than  the m e a n  of  the  case 
popu la t ion  were  classified as " low-risk" individuals 
with respec t  to tha t  risk factor.  For  the d iscont inuous  
m a t c h e d  risk factors, subjects who  were  not  cur ren t  
smokers,  who were  no t  receiving an t ihyper tens ive  
medica t ion ,  and who were  female  were  classified as 
" low risk".  The  compar i son  of  the m a t c h e d  pairs 
s trat i f ied for  risk by  LD L-ch o l e s t e ro l  level  in the 134 
cases m a t c h e d  including hyper tens ive  status is shown 
in Table  4. This analysis shows that  the  D D  geno type  
was associated with MI  in the I o w - L D L  subgroup 
(odds rat io  3.67, p = 0.002). This analysis was re- 

Table 3. Comparison of ACE genotypes in cases of myocardial infarction and matched control subjects 

Matched excluding Matched including 
hypertensive status hypertensive status 

Both case and matched control subject of ID or II genotype 
Both case and matched control subject of DD genotype 
Case only of DD genotype; matched control ID or II 
Control subject only of DD genotype; matched case ID or II 
Excess of DD individuals in cases vs matched control subjects 
Odds ratio for MI of DD vs ID + II 
p value 

88 (54) 75 (56) 
7 (4) 9 (7) 
39 (24) 31 (23) 
29 (18) 19 (14) 
(39 - 29) = 10 (31 - 19) = 12 
1.35 (0.83-2.17) 1.63 (0.93-2.87) 
0.23 0.09 

Odds ratio given with 95 % confidence interval. Other values given as n (%) 

Table 4. Comparison of ACE genotypes in cases of myocardial infarction and control subjects matched including hypertensive sta- 
tus, stratified by LDL cholesterol 

LDL cholesterol < 3.6 mmol/1 LDL cholesterol > 3.6 mmol/1 

Number of matched cases and control subjects 67 
Both case and matched control subjects of ID or II genotype 34 (51) 
Both case and matched control subject of DD genotype 5 (7) 
Case only of DD genotype; matched control subject ID or II 22 (33) 
Control subject only of DD genotype; matched case ID or II 6 (9) 
Excess of DD individuals in cases vs matched controls (22 - 6) = 16 
Odds ratio for MI of DD vs ID + II 3.67 (1.58-8.51) 
p value 0.002 

67 
41 (61) 
4 (6) 
9 (13) 
13 (19) 
(9 - 13) = -4 
0.69 (0.3-1.61) 
NS 

Odds ratio given with 95 % confidence interval. Other values given as n (%) 
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Table 5. Odds ratios obtained on comparison of ACE genotypes in cases of myocardial infarction and 
cluding hypertensive status after stratification based on matched cardiovascular risk factors 
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control subjects matched in- 

Risk factor Stratification applied Odds ratio for MI with DD Odds ratio for MI with DD 
to define low-risk group genotype in low-risk group genotype in high-risk group 

LDL cholesterol < 3.6 mmol/1 3.67 (1.58-8.51) a 
Triglyceride < 1.58 mmol/1 3.14 (1.4-7.04) a 
HDL cholesterol > 1.0 mmol/1 1.4 (0.62-3.14) 
Age < 58 years 0.92 (0.42-2.02) 
Smoking Current non-smokers 2.00 (0.91-4.38) 
Hypertension No antihypertensive treatment 1.5 (0.68-3.32) 
Male gender Female gender 1.75 (0.87-3.52) 

0.69 (0.3-1.61) 
0.75 (0.32-1.7) 
1.9 (0.85-4.1) 
3.17 (1.33-7.55) 
1.3 (0.57-2.9) 
1.78 (0.8-3.9) 
1.43 (0.55-3.73) 

a Significant association of DD genotype with MI, p < 0.05 after Bonferroni correction 

peated for each of the matched risk factors; a sum- 
mary of the findings in the cases and control subjects 
matched including hypertensive status is presented in 
Table 5. After  Bonferroni correction for 14 analyses, 
association of D D  genotype with MI remained statis- 
tically significant in subjects with low LDL-choles- 
terol or low triglyceride (p < 0.05). When cases with 
both low L D L  cholesterol and low triglyceride were 
compared with controls, the odds ratio of MI in cases 
with D D  genotype was 9.0 (2.7-30.0), p < 0.001). 

Repeti t ion of the above analysis comparing cases 
with control subjects matched excluding hyperten- 
sive status yielded similar findings, but with lower 
odds ratios and degrees of statistical significance. 
The odds ratio for MI with D D  genotype in cases 
with low L D L  cholesterol was 2.44 (1.15-5.18), 
p = 0.02, the odds ratio in cases with low triglyceride 
was 1.5 (0.77-2.9), p = NS, and the odds ratio in cases 
with both low L D L  cholesterol and low triglyceride 
was 2.5 (1.0-6.2), p = 0.05. 

As the study included patients with both fatal and 
non-fatal MI, these subgroups were additionally sub- 
jected to separate analysis. Of  the 134 cases matched 
including hypertensive status, 38 (28 %) had suffered 
a fatal MI. When these 38 subjects were compared 
with their matched control subjects, the odds ratio 
for MI with D D  genotype was 2.0 (0.70-2.77), 
p = NS; when the remaining 96 cases matched includ- 
ing hypertensive status were compared with their 
matched control subjects, the odds ratio for MI with 
D D  genotype was 1.5 (0.77-2.94), p = NS. When the 
group of 38 deceased subjects was stratified by risk 
factors and compared with their matched control sub- 
jects, the odds ratio in cases with low L D L  cholesterol 
was 2.7 (0.7-9.6), p = NS, the odds ratio in cases with 
low triglyceride was 3.0 (0.6-13.8), p = NS, and the 
odds ratio in cases with both low L D L  cholesterol 
and low triglyceride was 6.0 (0.94-38.5), p -- NS. 

Discussion 

In this prospective case control study of N I D D M  pa- 
tients, we found that A C E - D D  genotype was an im- 

portant risk factor for MI in subjects with low levels 
of blood lipids. 

Analysis using two different control groups which 
were either matched or unmatched for blood pres- 
sure showed that the risk conferred by A C E - D D  gen- 
otype was more apparent when the comparison was 
made between cases and control subjects which were 
matched for blood pressure. Cases in the group un- 
matched for blood pressure had significantly higher 
blood pressure than their matched control subjects. 
If A C E - D D  genotype were acting in part by increas- 
ing the blood pressure, then any excess risk con- 
ferred by the genotype would be more apparent 
when comparison was made between cases and con- 
trol subjects in the group unmatched for blood pres- 
sure. The effect of A C E - D D  on risk of MI therefore 
could not arise b y  this mechanism. 

The use of cases and control subjects drawn from 
the same study population and matched for known 
cardiovascular risk factors also permitted direct dem- 
onstration that the effect of A C E  genotype in those 
with low levels of L D L  and triglyceride was indepen- 
dent of all the other matched risk factors. Our results 
provide confirmation of a similar result obtained re- 
cently by Ruiz et al. [7], who used multiple logistic re- 
gression analyses to show that A C E  genotype be- 
haved as an independent risk factor for C H D  in a 
cross-sectional case-control study of N I D D M  sub- 
jects who were not matched for risk factors. Since 
risk factors were similarly distributed between our 
cases and control subjects, the risk conferred by the 
A C E  genotype could be compared in groups strati- 
fied for each risk factor. 

We have shown that the association of A C E - D D  
genotype with MI was present in cases with low 
LDL-cholesterol  or triglyceride concentrations, and 
was Particularly strong when both variables are low 
(the interaction between the two variables being mul- 
tiplicative); this interaction of A C E - D D  with favour- 
able lipid levels is in accordance with the original re- 
port  in the general population by Cambien et al. [4], 
who measured apo B concentration. This finding 
could have important implications. Multiple cardio- 
vascular risk factors are generally held to act multipli- 
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catively - an interact ion of  the type observed is highly 
unusual ,  and must  be accommoda ted  in any mode l  of 
the pathophysiology.  Alternatively,  it has been  pro- 
posed that  the observed effect  could arise f rom a sur- 
vival bias for ascer ta inment  [5, 6]. Accord ing  to this 
hypothesis  "high-risk" D D  individuals with high li- 
pid levels m a y  have a very adverse prognosis, and suf- 
fer fatal  MI before  being ascertained.  

We think it unl ikely that  this explains our  data. 
Firstly, we have reproduced  the findings of Cambien  
et al. [4] in patients  with N I D D M ,  a popula t ion  
which is at high risk of fatal  MI even when  lipid lev- 
els are relatively low. Secondly, the ma rked  differ- 
ences in odds rat io be tween  "high-risk" and "low- 
risk" subgroups observed when  the popula t ion  was 
stratified for lipid values was not  observed when  the 
popula t ion  was stratif ied for o ther  impor tan t  risk fac- 
tors affecting survival, such as smoking status, hyper- 
tension and age. Thirdly, a l though some bias could 
arise f rom selected entry  to U K P D S  [9], and f rom 
deaths  in the per iod be tween  ent ry  to the s tudy and 
the drawing of b lood for D N A  extraction,  subse- 
quent  ascer ta inment  of cases was prospective and in- 
c luded bo th  fatal  and non-fatal  MIs. Moreover ,  sepa- 
rate analysis of cases who had died conf i rmed the 
trends observed in the entire populat ion,  a l though 
the small numbers  involved resul ted in these trends 
not  reaching statistical significance. 

Since the extent  of  l inkage disequil ibrium over this 
region of ch romosome  17 is no t  known,  it is no t  yet  
proven that  the risk arises f rom A C E  ra ther  than  a 
neighbour ing gene, Nevertheless,  A C E  itself is an at- 
tractive candidate  since A C E  activity has been impli- 
cated in arterial  wall myo- in t imal  prol i ferat ion in hu- 
mans  [13] and A C E  inhibi t ion can prevent  a the roma  
fo rmat ion  in n o n - h u m a n  pr imates  [14]. Whereas  
high lipid levels m a y  be directly pathogenic,  genetic 
variabili ty at the A C E  locus could lead to increased 
pathogenic i ty  of lower levels of b lood lipids. 

The clinical consequences  of these findings could 
be significant. A m o n g  our N I D D M  populat ion,  even 
those subjects with a favourable  lipid profile have a 
substantial ly increased risk of MI  when  compared  
with the general  populat ion;  in these subjects geno- 
typing at the A C E  locus may  be an impor tan t  part  of 
overall  cardiovascular  risk stratification. Further-  
more,  evidence has been  presented  [15, 16] that  in se- 
lected pat ients  with left ventr icular  dysfunct ion after  
MI,  A C E  inhibi t ion can not  only improve mor ta l i ty  
and progression to clinical hear t  failure, but  also re- 
duce the rate  of recurrent  MI. The possibility that  
the A C E  genotype  has effects on the response to 
A C E  inhibi t ion will require  assessment in fur ther  
studies. 
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