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Angiotensinogen is an essential component of the renin-angiotensin system. ACE-inhibitors and b-blockers
both have a direct influence on this system. To investigate whether the association between use of
ACE-inhibitors or b-blockers and the risk of myocardial infarction (MI) or stroke is modified by the T-allele
of the angiotensinogen M235T polymorphism. In this study, 4097 subjects with hypertension , aged 55
years and older, were included from the Rotterdam Study, a population-based prospective cohort study in
the Netherlands, from July 1, 1991 onwards. Follow-up ended at the diagnosis date of MI, stroke, death, or
the end of the study period (January 1, 2002). The drug–gene interaction on the risk of MI or stroke was
determined with a Cox proportional hazard model with adjustments for each drug class as time-dependent
covariates. The risk of MI was increased in current use of ACE-inhibitors with the MT or TT genotype
compared to ACE-inhibitors with the MM genotype (Synergy Index (SI): 4.00; 95% CI: 1.32–12.11).
A significant drug–gene interaction was not found on the risk of stroke (SI: 1.83; 95% CI: 0.95–3.54) in
ACE-inhibitor users or between current use of b-blockers and the AGT M235T polymorphism on the risk of
MI or stroke. ACE-inhibitor users with at least one copy of the 235T-allele of the AGT gene might have an
increased risk of MI and stroke.
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Introduction
Hypertension is a common disorder affecting approxi-

mately 20% of the adult populations of most developed

countries,1 and is a major risk factor for cardiovascular

disease. In clinical trials, antihypertensive therapy has been

associated with a 35–40% reduction in the risk of stroke

and a 20–25% reduction in the risk of myocardial

infarction (MI).2 Although many effective antihypertensive

drugs are available, it remains difficult to predict the effect

of a particular antihypertensive agent in an individual

patient. Genetic variation in genes may explain differences

between individuals in their response to antihypertensive

drugs.

One of the genes that might influence the response to an

antihypertensive drug is the angiotensinogen (AGT) gene.

AGT is one of the components of the renin-angiotensin
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system, which has a central role in the regulation of blood

pressure and fluid homeostasis. AGT is cleaved by renin to

form angiotensin I, which is converted to the vasoactive

angiotensin II by angiotensin converting enzyme (ACE). In

1992, Jeunemaitre et al.3 reported linkage of the angioten-

sinogen gene locus to hypertension in hypertensive sibling

pairs. Subsequent screening of the angiotensinogen gene

for molecular variants led to the identification of a

missense mutation, resulting in the substitution of a

threonine (T) for a methionine (M) at codon 235. Further

investigations showed that the AGT 235T-allele is in

linkage disequilibrium with a guanine (G) to adenosine

(A) transition 6 base pairs upstream of the initiation site of

transcription (�6G/A), which may result in a higher basal

transcription rate of this gene.4 In general, individuals with

the TT genotype have higher plasma AGT levels (10–20%)

compared to individuals with the MM genotype.3,5 Two

meta-analyses reported a significant association between

the M235T polymorphism and hypertension with a

combined risk of 1.2 for the 235T-allele in Caucasians,6,7

however, such an association was not found for MI or

stroke.6,8

Of the four mainly prescribed antihypertensive drug

classes (diuretics, b-blockers, calcium channel blockers, and

ACE-inhibitors), only ACE-inhibitors and b-blockers have

a direct effect on the renin–angiotensin system. ACE-

inhibitors inhibit the conversion from angiotensin I to

angiotensin II and b-blockers inhibit the release of renin.

Therefore, it is plausible that the response to these

antihypertensive drug classes may be modified by the

M235T polymorphism of the AGT gene. Bis et al9 reported

that the 235T-allele was associated with a stronger reduc-

tion of the risk of non-fatal stroke in users of ACE-

inhibitors than in users of other antihypertensive drugs,

whereas there was no difference in the risk of non-fatal MI.

The objective of our study was to determine whether the

risk of MI or stroke in hypertensive patients on ACE-

inhibitors or b-blockers is modified by the AGT M235T

polymorphism.

Materials and methods
Setting

The Rotterdam Study started in 1990 as a population-based

prospective follow-up study. All 10 275 residents of the

suburb Ommoord in Rotterdam, aged 55 years or older

were invited to participate. In total, 7983 (78%) subjects

gave written informed consent. The baseline measure-

ments took place until 1993. The design of this population-

based study has been described elsewhere.10 Information

was collected on age, gender, present health status and

medical history, including previous MI and stroke. All

reported MIs or strokes at baseline were verified with

medical records. During a physical examination, blood

pressure, weight, and height were measured and blood was

drawn for DNA extraction. Since the start of the Rotterdam

Study, follow-up examinations have been carried out every

2–3 years.

Cohort and outcome definition

Only subjects with hypertension were included in this

study. Therefore, follow-up started on the day that an

elevated blood pressure was measured and/or the day that a

first antihypertensive drug was prescribed, whichever came

first. Blood pressure data from three examination rounds

were used to determine whether a person had hyperten-

sion. If a person had an elevated blood pressure (4160/

95mmHg or treated with antihypertensive agents) during

his first examination, he/she was considered hypertensive

from this point on. If a person was hypertensive during the

second examination, he/she was considered hypertensive

from that point on. The ‘old’ definition of hypertension

was applied due to the start of the study in 1990.

MI and stroke cases between January 1, 1991 and July 1,

1991 were excluded, since pharmacy records were not

available before January 1, 1991, and therefore their drug

history was shorter than 6 months. However, cases were

not excluded if they had a MI (or stroke) before January 1,

1991 and a second MI (or stroke) after July 1, 1991

(prevalent cases). The end of the study was set at January

1, 2002. Follow-up ended on the date of the first MI (or first

stroke for the analysis with stroke as primary outcome), or

a censoring event (end of study period, moving out of

the area, or death), whichever was earlier. All collected

coronary events were verified by review of hospital

discharge reports and letters from medical specialists, and

classified as definitive and possible MI. Two research

physicians independently coded events according to the

International Classification of Diseases, 10th Revision

(ICD-10).11 MI was defined as ICD codes: I21. A medical

expert in cardiovascular disease also reviewed all coded

events for final classification.

Stroke was defined as ICD codes: K90. Stroke research

physicians reviewed information on all possible strokes

and transient ischemic attacks; an experienced stroke

neurologist verified all diagnosis. Subarachnoid haemor-

rhages and retinal strokes were excluded. Ischemic strokes

were diagnosed when a patient had typical symptoms and

a CT and MRI that was made within 4 weeks ruled out

other diagnoses or when indirect evidence (deficit limited

to one limb or completely resolved within 72h, atrial

fibrillation in the absence of anticoagulants) pointed at an

ischemic nature of the stroke. Haemorrhagic stroke was

diagnosed when a relevant haemorrhage was shown on CT

or MRI scan, or when the subject permanently lost

consciousness or died within hours after onset of focal

signs. If a stroke did not match these criteria, it was

classified as unspecified.12 Sub-classification into hemor-

rhagic and ischemic stroke was based on neuroimaging,

which was available for 64% of all cases.
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Exposure definition

Pharmacy records were available for approximately 99% of

the cohort as of January 1, 1991. These records include the

name of the drug, the day of dispensing, the dosage form,

the number of units dispensed, the prescribed daily dose,

and the Anatomical Therapeutic Chemical code of the

drug.13 The exposure of interest included ACE-inhibitors

and b-blockers, because of their direct effect on the renin–

angiotensin system.

When an MI or stroke occurred, the date was defined as

the event date and the cumulative duration of use for

current and past exposure of all antihypertensive drug

classes on that date was calculated for each participants.

Hereto, we first calculated each prescription length by

dividing the number of dispensed tablets or capsules by the

prescribed daily number. Each refill at the pharmacy, which

occurred within 7 days after last intake from the previous

prescription was considered as a continuous drug episode.

Current, past, and never use were defined as mutually

exclusive categories. When the event fell within a usage

period, the patient was considered as currently exposed,

and the cumulative number of days of current use was

calculated. Similarly for those who were not current user,

but had used a representative of the drug group in the past

the number of days since last intake was calculated. Those

who had not used the drug during the follow-up period

were considered as non-user. For drug dose–effect associa-

tions, we used the defined daily dosages (DDD), which

consist of the recommended daily dose for the indication

hypertension in an adult.

Genotyping

Genomic DNA was extracted from whole blood samples

using standard methods, described previously.14 Samples

were genotyped with TaqMan allelic discrimination

Assays-By-Design (Applied Biosystems, Foster City, CA,

USA). Forward and reverse primer (rs699) (antisense strand)

sequences were 50-AGG TTT GCC TTA CCT TGG AAG TG-30

and 50-GCT GTG ACA GGA TGG AAG ACT-30 and the

minor groove binding probes were 50-CTG GCT CCC ATC

AGG-30 (VIC) and 50-CTG GCT CCC GTC AGG-30 (FAM).

The assays utilized 5ng of genomic DNA and 2 ml reaction
volumes. The amplification and extension protocol was as

follows: an initial activation step of 10min at 951 preceded

40 cycles of denaturation at 951 for 15 s and annealing and

extension at 501 for 60 s. Allele-specific fluorescence was

then analyzed on an ABI Prism 7900HT Sequence Detec-

tion System with SDS v 2.1 (Applied Biosystems, Foster

City, CA, USA).

Potential confounders

For the analysis with MI as an outcome, we considered age,

gender, systolic/diastolic blood pressure, body mass index

(BMI), current and past smoking, cholesterol level (total

cholesterol/high-density cholesterol) at baseline as poten-

tial confounders. Adjustments for history of stroke, history

of MI, history of percutaneous transluminal coronary

angioplasty, history of coronary artery bypass grafting,

statin use, coumarin use, ASA use, NSAID use, nitrate use,

use of antidiabetic medication, history of angina, past and

current use of other antihypertensive drugs, and the

defined daily dose were made as time-dependent covariate.

We adjusted for the combined use of other antihyperten-

sive drug classes by adding each antihypertensive drug

class separately in the model for past and current users.

History of angina was defined as the use of two or more

prescriptions of nitrate.

For the analysis with stroke as an endpoint, we

considered the same potential confounders, but combined

history of MI, history of percutaneous transluminal

coronary angioplasty, and history of coronary artery bypass

grafting in one variable (coronary heart disease).

Statistical analyses

The outcomes for MI and stroke were analysed separately

because of their different aetiology. Both events were

evaluated using a Cox proportional hazard model with

time-varying exposure for each antihypertensive drug class

separately. We created non-cumulative time-dependent

categorical variables (yes/no) for current and past use of

antihypertensive drugs and follow-up time was the time-

axis of the model. Non-use of ACE-inhibitors (in the

analysis of the association between ACE-inhibitors and risk

of MI or stroke) and non-use of b-blockers (in the analysis

of the association between b-blockers and risk of MI or

stroke) served as a reference. The associations were

expressed as hazard ratios (HR) with 95% confidence limits

(CI). We adjusted for all potential confounders, which

caused a change in the point estimate of 10% or more.

We calculated the Synergy Index (SI), which is the ratio

of the HR in susceptibles to the non-susceptibles. To

investigate for example the interaction between the

235T-allele and ACE-inhibitors (or b-blocker) one dummy

variable was added to the model: T-allele (0/1)�ACE-

inhibitors (or b-blocker) (0/1). A SI of one means that the

HR in the two subgroups are the same and that there is no

interaction on a multiplicative scale. A SI greater than one

means that the joint effect of gene and drug is larger than

expected from their product of their individual effect.15 All

analysis were performed using SAS version 9.1 (SAS

Institute, Cary, NC, USA).

Results
In total, 4097 subjects with hypertension were identified.

Of these 4097 persons, 1642 persons were treated with

ACE-inhibitors at any time, 2387 with b-blockers, and 2561

with other antihypertensive drugs. A subject may have

contributed to one of more categories of antihypertensive

drug classes during follow-up.
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In total, 98% of the samples were successfully genotyped

with a concordance rate of 99%. In our cohort, 35.7% of

the subjects had the MM genotype and 64.3% the MTor TT

genotype, respectively. Table 1 shows the baseline char-

acteristics of the 4097 subjects stratified by AGT genotypes.

Myocardial infraction

In total, 197 subjects experienced an MI. Forty-two subjects

had a MI while they were treated with ACE-inhibitors, of

whom six had the MM genotype and 36 had the MT or TT

genotype. In total, 17 subjects with the MM genotype and

58 subjects with at least one copy of the T-allele had an MI

when they were treated with b-blockers (Table 2).

In order to investigate the possible gene–drug interac-

tion between ACE-inhibitors or b-blockers users and the

AGT M235T polymorphism on the risk of MI, cases were

grouped by current use and genotype group (see Tables 2

and 3). Subjects with the MM genotype who were currently

treated with ACE-inhibitors had a non-significantly re-

duced risk of MI compared to subjects with the MM

genotype who never used ACE-inhibitors (HR¼ 0.71; 95%

CI: 0.23–2.21). In contrast, subjects with the MT or TT

genotype who were currently treated with ACE-inhibitors

had a significantly increased risk of MI compared to

subjects with the MM genotype who never used ACE-

inhibitors (HR¼2.73; 95% CI: 1.42–5.23). Among subjects

who never used ACE-inhibitors, the MTor TT genotype was

not associated with the risk of MI (HR¼0.99; 95% CI:

0.67–1.45). The estimate for the risk of MI in subjects

with at least one copy of the T-allele (HR¼2.73) who

were currently treated with ACE-inhibitors was higher

than expected from the joint effect of the MT or TT

Table 1 Baseline characteristics stratified by AGT genotype

Characteristics
MM

(N¼1461)
T-allele

(N¼2636)

Gender, female 901 (61.7%) 1575 (59.7%)
Age (years) 70.678.9 70.678.9
Stroke at baseline (yes) 50 (3.4%) 103 (3.9%)
MI at baseline (yes) 226 (15.5%) 406 (15.4%)
Diabetes (yes) 171 (12.5%) 314 (12.7%)
SBP (mmHg) 142.8722.0 144.0722.6
DBP (mmHg) 74.9711.9 75.3712.1
BMI (m/kg2) 27.073.9 26.873.7
Total cholesterol/high
density cholesterol (mmol/l)

5.371.7 5.371.6

Smoking
Current (yes) 280 (19.7%) 531 (20.7%)
Past (yes) 609 (42.8%) 733 (42.3%)
Use of ACE-inhibitors 126 (8.6%) 231 (8.7%)
Use of b-blockers 319 (21.8%) 573 (21.7%)
Use of a-blocker 49 (3.4%) 95 (3.6%)
Use of low-ceiling diuretic 267 (18.3%) 440 (16.7%)
Use of high-ceiling diuretic 89 (6.1%) 192 (7.3%)
Use of calcium channel blocker 144 (9.8 %) 236 (9.0%)
Use of statins 45 (3.1%) 69 (2.6%)
Use of coumarins 65 (4.4%) 136 (5.2%)
Use of NSAID 126 (8.6%) 243 (9.2%)
Use of ASA/salicylate 213 (14.6%) 374 (14.2%)

Table 2 Association of ACE-inhibitors and b-blockers use and AGT M235T polymorphism with myocardial infraction (MI) risk

AGT M235T genotype Type of use MI (N) HR (95% CI)a HR (95% CI)b

ACE-inhibitors
MM No 44 1 (reference) 1 (reference)
MM Current 6 1.06 (0.39–2.85) 0.71 (0.23–2.21)
MT/TT No 74 0.95 (0.66–1.39) 0.99 (0.67–1.45)
MT/TT Current 36 3.25 (1.70–6.19) 2.73 (1.42–5.23)

b-Blockers
MM No 20 1 (reference) 1 (reference)
MM Current 17 1.69 (0.79–3.61) 1.29 (0.59–2.86)
MT/TT No 49 1.36 (0.81–2.30) 1.44 (0.84–2.48)
MT/TT Current 58 3.16 (1.66–6.01) 2.42 (1.23–4.76)

aAdjusted for age, gender, other antihypertensive drugs, past exposure to antihypertensive drugs, and defined daily dose.
bAdjusted for age, gender, other antihypertensive drugs, past exposure to antihypertensive drugs, defined daily dose, BMI, cholesterol level, statin use,
and history of PTCA, CABG, and MI.

Table 3 Gene–drug interaction between ACE-inhibitors
and b-blockers use and AGT M235T polymorphism on the
risk of MI

AGT M235T
genotype

Synergy index
(MT/TT versus MM)
(95% CI)a

Synergy index
(MT/TT versus MM)
(95% CI)b

ACE-inhibitors
MT/TT versus MM 3.28 (1.28–8.45) 4.00 (1.32–12.11)

b-blockers
MT/TT versus MM 1.37 (0.64–2.91) 1.30 (0.60–2.83)

aAdjusted for age, gender, other antihypertensive drugs, past exposure
to antihypertensive drugs, and defined daily dose
bAdjusted for age, gender, other antihypertensive drugs, past exposure
to antihypertensive drugs, defined daily dose, BMI, cholesterol level,
statin use, and history of PTCA, CABG, and MI.
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genotype and ACE-inhibitors on a multiplicative scale

(0.99�0.71¼0.70). This interaction between current use

of ACE-inhibitors and the AGT M235T polymorphism was

statistically significant (SI¼ 4.00; 95% CI: 1.32–12.11).

There did not seem to be a dose–response effect (MT versus

MM genotype SI¼3.89; 95% CI: 1.27–11.90 and TT versus

MM genotype SI¼3.75; 95% CI: 1.04–13.58).

b-Blocker users who had the MM genotype had a non-

significantly increased risk of MI compared to subjects with

the MM genotype who never used b-blockers (HR¼1.29;

95% CI: 0.59–2.86). Compared to subjects with the MM

genotype who had never used b-blockers, b-blocker users

with the MT or TT genotype had a significantly increased

risk of MI (HR¼ 2.42; 95% CI: 1.23–4.76). The interaction

between current use of b-blockers and the AGT M235T

polymorphism was not significant (SI¼ 1.30; 95% CI:

0.60–2.83). Additional analyses in which adjustments

were made for systolic blood pressure level, diastolic

blood pressure level, history of angina, use of ASA, use of

coumarins, use of NSAID’s, use of antidiabetic medication,

history of stroke, and smoking, yielded similar results and

were therefore not shown.

In total, 72 subjects with a MI had a prior MI before 1990.

After exclusion of all subjects with a history of MI (n¼632)

the (adjusted) interaction between AGT M235T poly-

morphism and current use of ACE-inhibitors was border-

line significant (SI¼ 4.62; 95% CI: 1.00–21.36). No drug–

gene interaction was found between the AGT M235T

polymorphism and use of b-blockers after this exclusion

(SI¼1.19; 95% CI: 0.47–3.02).

When the analysis was repeated with other antihyper-

tensive drug classes (i.e. low-ceiling diuretics or calcium

channel blockers) there was no significant drug–gene

interaction with any of these antihypertensive drug classes.

Stroke

In total, 349 subjects experienced a stroke during follow-

up. Of the 365 events, 189 (85%) were classified as ischemic

and 33 (15%) as hemorrhagic. Sixty-three subjects had a

stroke when they were treated with an ACE-inhibitor, of

whom 15 had the MM genotype and 48 had at least one

copy of the T-allele. During treatment with a b-blocker, 32
subjects with the MM genotype and 71 subjects with had at

least one copy of the T-allele had a stroke.

To investigate the possible interaction between

ACE-inhibitors or b-blockers users and the AGT M235T

polymorphism on the risk of stroke, participants

were grouped by current use and genotype group (see

Tables 4 and 5). The drug–gene interaction between

current use of ACE-inhibitors and the AGT M235T

polymorphism on the risk of MI was increased but this

increase was not statistically significant (SI¼1.83; 95%

CI: 0.95–3.54). There was no allele dose–response effect in

ACE-inhibitor users (MT versus MM genotype SI¼1.88;

95% CI: 0.96–3.69 and TT versus MM genotype SI¼1.93;

95% CI: 0.80–4.66).

The interaction between current use of b-blockers and

the AGT M235T polymorphism on the risk of stroke was

non-significant (SI¼1.39; 95% CI: 0.81–2.39). Additional

Table 4 Association of ACE-inhibitors and b-blockers use and AGT M235T polymorphism with stroke risk

AGT M235T genotype Type of use Stroke (N) HR (95% CI)a HR (95% CI)b

ACE-inhibitors
MM No 95 1 (reference) 1 (reference)
MM Current 15 0.64 (0.33–1.23) 0.58 (0.29–1.14)
MT/TT No 141 0.84 (0.65–1.09) 0.84 (0.64–1.10)
MT/TT Current 48 1.04 (0.63–1.71) 0.89 (0.53–1.48)

b-Blockers
MM No 66 1 (reference) 1 (reference)
MM Current 32 0.68 (0.40–1.14) 0.73 (0.43–1.23)
MT/TT No 104 0.85 (0.63–1.16) 0.85 (0.62–1.21)
MT/TT Current 71 0.82 (0.51–1.30) 0.86 (0.54–1.39)

aAdjusted for age, gender, other antihypertensive drugs, past exposure to antihypertensive drugs, and defined daily dose.
bAdjusted for age, gender, other antihypertensive drugs, past exposure to antihypertensive drugs, defined daily dose, systolic blood pressure level,
diabetes mellitus, use of statins, use of ASA, and history of coronary heart disease, stroke, and angina.

Table 5 Gene–drug interaction between ACE-inhibitors
and b-blockers use and AGT M235T polymorphism on the
risk of stroke

AGT M235T
genotype

Synergy index
(MT/TT versus MM)
(95% CI)a

Synergy index
(MT/TT versus MM)
(95% CI)b

ACE-inhibitors
MT/TT versus MM 1.93 (1.02–3.65) 1.83 (0.95–3.54)

b-Blockers
MT/TT versus MM 1.41 (0.84–2.38) 1.39 (0.81–2.39)

aAdjusted for age, gender, other antihypertensive drugs, past exposure
to antihypertensive drugs, and defined daily dose.
bAdjusted for age, gender, other antihypertensive drugs, past exposure
to antihypertensive drugs, defined daily dose, systolic blood pressure
level, diabetes mellitus, use of statins, use of ASA, and history of
coronary heart disease, stroke, and angina.
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analyses in which we adjusted for diastolic blood pressure

level, serum cholesterol level, BMI, use of coumarins, use of

NSAID’s, and smoking, yielded similar results and were

therefore not shown.

In total, 27 subjects with a stroke had a prior stroke

before 1990. After exclusion of all subjects with a history of

stroke (n¼153) the (adjusted) interaction between AGT

M235T polymorphism and current use of ACE-inhibitors

was significant (SI¼2.14; 95% CI: 1.06–4.33). No drug–

gene interaction was found between b-blocker use and the

AGT M235T polymorphism after this exclusion (SI¼1.59;

95% CI: 0.90–2.78). When we included only ischemic

strokes, the interaction was significant for ACE-inhibitors

(SI¼3.52; 95% CI: 1.27–9.80), but not for b-blockers
(SI¼1.30; 95% CI: 0.47–3.02).

When the analysis was repeated with other antihyper-

tensive drug classes (i.e. low-ceiling diuretics or calcium

channel blockers) there was no significant drug–gene

interaction with current use.

Discussion
In this study, a synergistic interaction between the AGT

M235T polymorphism and current use of ACE-inhibitors

on the risk of MI was found. The joint effect in T-allele

carriers was approximately four times greater than ex-

pected based on the product of their individual effects. In

TT homozygotes, similar results were observed. Overall no

significant interaction was found on the risk of stroke,

although, the direction of the synergistic effect was similar

as to that on the risk of MI. However, after exclusion of all

subjects with a history of stroke, there was a statistically

significant interaction between the AGT M235T poly-

morphism and ACE-inhibitors, especially after further

restriction to cases of ischemic stroke. No interaction was

found between the use of b-blockers and the M235T

polymorphism.

Bis et al9 reported that users of ACE-inhibitors carrying

one copy of the T-allele might have a reduced risk of non-

fatal stroke compared to users of other antihypertensive

drugs and an non-significantly increased risk for non-fatal

MI. In our study we found the opposite result for stroke,

that is, the risk of stroke in b-blockers was higher in

subjects carrying a copy of the 235T-allele, albeit not

significant. In addition, in our study the MT and TT

genotype were associated with an increased risk of MI in

ACE-inhibitors users. In a non-randomized trial, ACE-

inhibitor users with the MT or TT genotype had a greater

BP reduction than those with the MM genotype.16

However, this could not be replicated in a smaller study.17

With regard to b-blockers, no drug–gene interaction on BP

was found.17,18 The contribution of these findings on

blood pressure to cardiovascular risk remains uncertain.

For example, no studies have been published about an

interaction between the M235T polymorphism and anti-

hypertensive drugs on the risk of atherosclerosis, which is

an important risk factor for MI and stroke besides blood

pressure. There are some differences between our study and

Bis et al9 which might explain the differences in results. For

instance, we included fatal and non-fatal cases of MI and

stroke, adjusted for past use, and compared the use of ACE-

inhibitor or b-blockers versus non-users instead of users of

other antihypertensive drugs. We cannot determine which

of the two studies is more likely to be correct, because it is

difficult to predict with accuracy which allele would be

associated with an increased risk of stroke or MI during

treatment with an ACE-inhibitor or b-blocker. For example,

although, plasma AGT levels are 10–20% higher in TT

homozygotes than in MM homozygotes3,5 this did not

result in higher angiotensin II levels due to compensation

in renin levels.19,20

The main limitation of our study is the relatively small

number of events. Although, our analyses consistently

showed that current use of ACE-inhibitors among subjects

with the T-allele was associated with an increased risk of MI

and stroke, the results should still be interpreted with

caution. A small number of events was also the main

limitation of the study of Bis et al.9 Therefore, these results

need to be replicated in other studies before definitive

conclusions can be made. In addition, due to limited

sample size we were unable to test for dose–response and

duration–response relationships. Furthermore, we com-

pared the risk of MI or stroke in antihypertensive drug

users versus non-users and therefore confounding by

indication could have biased our results if non-users had

a better prognosis at baseline. As a physician was free to

choose whether a patient received antihypertensive drug

treatment or not and the type of antihypertensive drug,

specific patients characteristics may have influenced this

decision. However, the interaction between b-blockers or

ACE-inhibitors and the AGT M235T polymorphism is

probably not influenced by this bias, as the users of the

same antihypertensive drug class will have most likely

the same characteristics and the prescriber is unaware of a

subject’s genotype. Furthermore, only one SNP in the AGT

gene was investigated. Although the M235T polymorphism

is linked with plasma AGT levels and hypertension, it

remains controversial in relation to MI and stroke. Since

more genes are involved in the renin-angiotensin system

and these might have compensated the increased risk of

ACE-inhibitors in subjects with the T-allele for example by

lowering the production of renin. One explanation of our

finding might be that the feedback mechanisms that

normally compensate a rise in the angiotensinogen (e.g.

a decrease in renin) are dysfunctional in T-allele carriers.

This might be of particular importance during treatment

with ACE-inhibitors, since such a treatment is known to be

accompanied by a compensatory rise in renin. Future

studies, addressing plasma renin levels during ACE-
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inhibitor treatment in T-allele carriers and controls, should

evaluate this possibility.

In conclusion, our results indicate that the T-allele might

be associated with an increased risk of MI and stroke

in users of ACE-inhibitors. However, due to our limited

sample size our findings require replication.
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