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Evaluation of the Aldosterone Synthase (CYP11B2) Gene
Polymorphism in Patients With Myocardial Infarction

Christian Hengstenberg, Stephan R. Holmer, Bjoérn Mayer, Hannelore Léwel, Susanne Engel,
Hans-Werner Hense, Gunter A.J. Riegger, Heribert Schunkert

Abstract—Left ventricular remodeling after myocardial infarction involves activation of the renin-angiotensin-aldosterone
system. Recently, the biallelie 344T/C polymorphism of the aldosterone synthase gene was associated with increased
aldosterone levels, arterial hypertension, diastolic dysfunction, and left ventricular dilatation. We hypothesized that this
polymorphism may also affect left ventricular geometry and function after myocardial infarction. By using a
standardized questionnaire, as well as anthropometric and echocardiographic measurements, we thus studied 60
patients (533 men and 73 women) who had a myocardial infarction before the age of 60 years. The aldosterone synthast
gene polymorphism was analyzed after polymerase chain reaction amplification and restriction enzyme digestion. The
results demonstrated that there was no association of the aldosterone synthase gene polymorphism with echocardic
graphically determined left ventricular dimensions, wall thicknesses, or indexes of systolic or diastolic function.
Furthermore, anthropometric data, including blood pressure levels, were balanced between the different genotypes.
Finally, the allele frequency was similar for patients with myocardial infarction and a sample group from the normal
population (n=1675). The data indicate that the allele status of the aldosterone synthase gene polymorphism is not
useful for the identification of patients with myocardial infarction who have impaired left ventricular function or
unfavorable remodelingHypertension. 2000;35:704-709.)
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eft ventricular (LV) dilatation after myocardial infarction  associated with the risk of experiencing MI by comparing the
(MI) involves the activation of neurohormonal systems. allele frequencies in patients with MI with respective allele
Specifically, aldosterone levels have been found to be in- frequencies in a large population-based sample.
creased in some patients with Ml with profound implications
for cardiac remodeling and long-term prognosis.More
recently, it was hypothesized that the variability of aldoste- Methods
rone levels may be also affected by a genetic alterdtion. Study Population

Especially, a cytosine/thymidine (C/T) exchange at position » a1 of 609 patients with MI were identified through the
—344 in the regulatory region of the aldosterone synthase population-based Monitoring of Trends and Determinants in Cardio-
gene (CYP11B2) was associated with enlargement and dis-vascular Disease (MONICA) MI registry in Augsburg, Germany,
turbed filling of the LV in healthy young white adultsas and complete phenotypes and genotypes were available for 606
well as with arterial hypertension in some, but not all, sample Patt;]ems Witng'- Pf‘;;eﬂs "1Vgg4had an MII tc’jefg'fe tt::e aoe Of'fo years

in the period from 0 were included in the study. From the
groups_53—7 Furthermore, the aldOSteror]_e Sy.nthase gene poly- total 0?1254 patients with MI, 580 (46.2%) patients did n)(l)t respond
morphism has been shown to potentially influence aldoste- to our invitation to participate, 65 (5.2%) patients were no longer
rone levels: Because increased aldosterone levels may be available (death 2.8%, moving 2.4%), and 609 (48.6%) patients
associated with increased LV diamétand LV masg;8-10 agreed to participate in the study. The echocardiographic examina-
we hypothesized that LV remodeling after MI may be tion was performed after a mean of 5.6 years after MI. The clinical
affected by this aldosterone synthase gene polymorphism.g:ﬁgzgiefz VAVI?rga;;g::?;\t\?vir:nstbtlj?ec?avilitsh 0; (,q\iljggilgrﬁ a?r'ggb”;ssé'dc
The aim of the present study was therefore to mves“.gate.' interview and anthropometric measurements. According to the same
first, whether the aldosterone synthase gene polymorphism isqtocois, 1675 individuals were evaluated in population-based
associated with poor LV remodeling after Ml and, second, MONICA Augsburg surveys in 1994 to 1995, as described
whether the aldosterone synthase gene polymorphism ispreviouslys.13.14
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TABLE 1. Anthropometric and Demographic Data of Patients with Ml According to the
—344C/T Polymorphism in the Aldosterone Synthase Gene

TT Genotype CT Genotype CC Genotype P

Variable (n=187) (n=299) (n=120) (ANOVA or x?
Gender, % male 88.2 85.3 90.9 0.65
Age at Ml y 50.6+0.5 50.7+0.4 50.8+0.6 0.81
Transmural MI, % 97.8 94.9 95.7 0.25
Anterior M, % 4.7 424 46.5 0.73
Maximal CK, U/L 743+58 780+45 777+62 0.66
Maximal CK-MB, U/L 69+4 69+3 76+7 0.37
Age at echo study, y 56.3+0.6 56.4+0.4 56.3+0.6 0.94
Time after MI, y 55+0.3 5.6+0.2 5.2+0.3 0.92
BMI, kg/m? 28.6+0.3 28.3+0.2 28.6+0.3 0.89
BSA, m? 1.957 1.944 1.955 0.38
Heart rate, bpm 67.2+0.8 66.9+0.7 64.6+1.1 0.08
Systolic BP, mm Hg 131.0=1.1 134.0£1.0 129.4+1.4 0.67
Diastolic BP, mm Hg 83.9+0.7 85.1+0.7 82.5+0.9 0.42
Hypertensive, % 57.2 55.6 50.4 0.26
Antihypertensive or antianginal 97.9 98.3 96.7 0.57
medication, %

Diabetes mellitus, % 12.8 15.4 17.4 0.26
Total cholesterol, mg/dL* 229.4+3.4 221.8+2.4 223.1+4.0 0.17
LDL-cholesterol, mg/dL* 138.1+2.8 131.7£2.2 129.6+3.6 0.10
HDL-cholesterol, mg/dL* 454+1.0 48.4+0.9 47.0+1.2 0.10

TT and CC genotypes indicate homozygosity and CT genotype indicates heterozygosity for the aldosterone synthase
(CYP11B2) polymorphism; CK, creatine kinase; CK-MB, creatine kinase, heart-specific isoenzyme; BMI, body mass
index; BSA, body surface area; systolic and diastolic BP, systolic and diastolic blood pressure, respectively.

Values are given as mean=+SEM.

*To convert values for cholesterol to mmol/L, multiply by 0.02586.

TABLE 2. Echocardiographic Data of Patients with Ml According to the —344C/T
Polymorphism in the Aldosterone Synthase Gene

TT Genotype CT Genotype CC Genotype P
(n=187) (n=299) (n=120) (ANOVA or x?)

LV diameter

Septal wall, mm 10.9%0.2 11.0=0.1 10.8+0.2 0.60

Posterior wall, mm 10.1=0.1 10.0=0.1 10.0=0.1 0.47

LVEDD, mm 55.7+0.6 54.4+0.4 56.7+0.7 0.53

LVESD, mm 41.1+0.6 39.9+0.4 41.8+0.7 0.77
LVM

LVM, g 288+6.7 276+4.5 291+8.0 0.97

LVMI, g/m>?7 height 269+6.1 260+4.1 268*7.6 0.70

LVMI, g/m height 168+3.8 162+2.5 169+4.6 0.89

LVMI, g/m? BSA 149+35 143+2.2 150+4.1 0.81

LVH, % 62.9 65.2 63.9 0.81
Diastolic function

E/A ratio 1.0+0.02 1.0+0.02 1.02+0.03 0.29

E/A ratio >1, % 415 39.2 40.5 0.82

IVRT, ms 82.3+25 78.8+1.7 79.2+2.9 0.34
Systolic function

Ejection fraction, % 50.6=0.8 51.8+0.5 52.7+0.8 0.06

LVEDD indicates left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic
diameter; LVM, left ventricular mass; LVMI, left ventricular mass index; BSA, body surface area; IVRT,
isovolumetric relaxation time. Values are given as mean=SEM.
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TABLE 3. Echocardiographic Data of Patients With Anterior and Posterior MI
According to the —344C/T Polymorphism in the Aldosterone Synthase Gene

TT Genotype CT Genotype CC Genotype P
(n=81) (n=127) (n=56) (ANOVA or x?
Anterior Ml (n=264)
Septal wall, mm 10.5+0.2 10.8+0.1 10.8+0.2 0.45
Posterior wall, mm 9.9+0.1 10.00.1 9.8+0.2 0.78
LVEDD, mm 56.6+0.9 55.3+0.6 57.0+1.1 0.91
LVESD, mm 41.7+0.9 40.5+0.6 41.9+11 0.99
LVM, g 287+10.9 280+7.1 292+12.3 0.83
E/A ratio 1.02%0.04 1.01£0.04 1.02x0.05 0.70
IVRT, ms 82.2+3.5 81.3+2.7 83.1+41 0.91
Ejection fraction, % 50.1=1.1 51.2+0.8 52.6+1.3 0.15
TT Genotype CT Genotype CC Genotype P
(n=106) (n=172) (n=64) (ANOVA or x?)
Posterior Ml (n=342)
Septal wall, mm 11.2+0.3 11.1+0.2 10.9+0.3 0.48
Posterior wall, mm 10.1x0.2 10.1+0.1 10.1+0.2 0.80
LVEDD, mm 55.4+0.7 53.7+0.5 56.5+0.8* 0.59
LVESD, mm 41.2+0.8 39.4+0.5 41.7+0.9* 0.95
LVM, g 290+9.0 274+6.0 295+11.3 0.98
E/A ratio 0.9+0.03 1.0+0.03 1.02+0.04 0.24
IVRT, ms 82.7+3.7 77.8+2.2 741+4.2 0.09
Ejection fraction, % 51.2+11 51.9+0.7 53.4+1.1 0.19

TT and CC genotypes indicate homozygosity and CT genotype indicates heterozygosity for the
aldosterone synthase (CYP11B2) polymorphism; LVEDD, left ventricular end-diastolic diameter;
LVESD, left ventricular end-systolic diameter; LVMI, left ventricular mass index; and IVRT,
isovolumetric relaxation time.

Values are given as mean=+SEM.

*In univariate analysis, significantly greater than CT genotype.

Echocardiography Statistical Analysis

A 2-dimensionally guided M-mode echocardiogram was performed According to the aldosterone344C/T allele status, continuous data
on each patient of the MONICA Ml registry by 1 expert sonographer were compared with the use of ANOVA and classified values with
with 1 recorder (Sonos 1500; Hewlett Packard). Only tracings that X’ tests, respectively. The effect of theB44C/T allele status on LV
demonstrated optimal visualization of LV interferences were used, a mass index, LV end-diastolic dimension, fractional shortening, LV
requirement that resulted in the exclusion of 6.3% of potential €jection fraction, isovolumetric relaxation period, and ratio of early
subjects for respective data points. Techniques for M-mode—guided to late diastolic filling of the LV (E/A ratio) was examined with
measurements of LV structures, as well as the calculation and Multiple linear regression analysis after adjustment for age, gender,

indexation of LV mass, were reported previously in detaBriefly, body mass index, systolic blood pressure, and the use of antihyper-
the Penn Convention criteria were applied for the measurement of t€nsive therapy. Furthermore, the study samples were partitioned by
LV dimensions and the calculation of LV maSsLV ejection infarct location, gender, age (<55 er55 years), hypertension

fraction was calculated according to the modified Simpson status, and the presence or absence of hypercholesterolemia, diabetes
formulaze mellitus, cigarette smoking, or LV hypertrophy. LV hypertrophy was
defined as an LV mass index af134 g/nt in men or=110 g/nt in
women. Hypertension was defined as systolic blood pressure of

Genotyping . . =140 mm Hg or diastolic blood pressure 90 mm Hg or when
DNA was extracted from peripheral lymphocytes according 10 gniihynertensive medication was taken on regular basis. In multivar-

standard proce_dures. Genotyping was carried out according to thejate regression analysis, the correspondsrgpefficients were com-
methods described by Kupari et “aBriefly, DNA samples were puted. At ana error of 5%, the present study sample provided a

amplified in polymerase chain reactions with 10 pmol of both power of 78.7% to detect a difference in LV end-diastolic diameter
primers (CAGGAGGAGACCCCATGTGAC [sense] and CCTC-  of 1.12 mm between the respective genotype groups. Probability

CACCCTGTTCAGCCC [antisense]) and the protocol of 35 cycles yalues are reported for each test and statistical model.
of denaturation at 94°C for 1 minute, 67°C annealing for 1 minute,
and 72°C extension for 2 minutes. After polymerase chain reaction Results

amplification, the fragments were digested witaelll restriction The anthropometric data for patients with MI are shown in
enzyme, followed by separation of the fragments on a 2.5% agarose

gel. The uncut-344T allele (wild type) had a size of 273 bp, and cut 1 2Pl€ 1. In individuals from the MI registry (total 606: 533
fragments (C allele) had a size of 202 bp (plus smaller fragments in Mmen, 73 women), the frequencies of the aldosterone synthase
each case). genotypes were in Hardy-Weinberg equilibrium. There was
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TABLE 4. Multiple Linear Regression: Influence of the groups. Furthermore, neither univariate analysis (Table 2) nor
Aldosterone Synthase Gene Polymorphism on Structure and multivariate analysis (Table 4) showed any statistically sig-
Function of the LV in Patients With MI nificant difference in LV end-diastolic dimension, LV wall
B-Coefficientt p thickness, or LV mass associated with the aldosterone syn-
Al patients with MI (1—606) thase genotype groups. Gllven that the Iocqﬂon of the Ml
LVMI, g/m? 0004 0.72 affects the remodeling of infarcted and noninfarcted walls
LVEDD, mm +0.45 0.46 differently, we analyzed patients with anterior864) and
Ejection fraction, % +0.41 0.23 posterior (n=342) MI separately. However, LV wall thick-
IVRT, ms —1.61 0.15 nesses, LV diameters, and LV mass, as well as systolic and
E/A +0.09 0.34 diastolic LV function, also were not affected by th&44T/C
Patients with MI without treatment with diuretics, B-blockers, calcium aldosterone synthase gene polymorphism in these subgroups
antagonists, or ACE inhibitors (n=81)f (Table 3).
tw[')bglm; ig'gg ggg To examine possible effects of the polymorphism in
Ejectioﬁ fraction. % 4040 0.45 §pe0|f|c subgroups, we divided the Ml patient s_ample accord-
IVRT, ms ~0.16 019 ing to the presence or absence of coronary risk factors. No
E/A +0.16 0.16 significant influence could be demonstrated on LV end-dia-
Patients with MI with treatment with diuretics, 8-blockers, calcium stolic diameter (Tables 5 and 6) or other structural or
antagonists, ACE inhibitors, or a combination (n=525)% functional parameters that were examined (data not shown).
LVMI, g/m? —0.01 0.83 Furthermore, the percentage of patients using ACE inhibitors,
LVEDD, mm +0.03 047 diuretics, B-blockers, calcium antagonists, antiplatelet medi-
Ejection fraction, % +0.01 0.09 cation, or anticoagulant medication was similar in the differ-
'EV/RAT’ ms ;g:gi ggg ent genotype groups (data not shown).

In the population-based survey sample (total 1675: 825
men, 850 women), the frequencies of the aldosterone syn-
thase—344C allele were also in Hardy-Weinberg equilibrium

*Adjusted for age, gender, systolic blood pressure, antihypertensive medi-
cation, and localization of MI.
tChange in respective units by the effects of aldosterone synthase gene

polymorphism. and were similar to those in patients with Ml (0.45 and 0.44
tAdjusted for age, gender, systolic blood pressure, and localization of MI. in men and 0.43 and 0.47 in women, respectivély;NS).
See Table 2 for abbreviations. Likewise, the —344TT, —344CT, and—344CC genotypes

were found at similar frequencies in patients with MI and in
no difference in systolic or diastolic functional parameters of participants of the population-based survey, respectively
the LV in the aldosterone synthase polymorphism genotype (Table 6). Similar results were obtained after adjustment for
groups (Tables 1, 2, and 3). Grouping of the diastolic potential confounding factors (age, gender, body mass index,
parameters, such as E/A ratil or isovolumetric relaxation  systolic blood pressure, and antihypertensive drug treatment)
time in quartiles, showed no differences in the genotype (data not shown) and after stratification into subgroups

TABLE 5. Presence of Cardiovascular Risk Factors in Patients With Ml
According to the —344C/T Polymorphism in the Aldosterone Synthase Gene

TT Genotype CT Genotype CC Genotype P
Risk Factor (n=187) (n=299) (n=120) (ANOVA or x?)
Arterial hypertension
Blood pressure >140/90 mm Hg (n=62) (n=119) (n=42)
LVEDD, mm 55.5 54.1 56.1 0.20
Blood pressure <140/90 mm Hg (n=125) (n=180) (n=78)
LVEDD, mm 55.8 54.6 56.9 0.34
Hypercholesterolemia
LDL cholesterol >100 mg/dL* (n=158) (n=229) (n=89)
LVEDD, mm 55.9 54.4 574 0.13
LDL cholesterol <100 mg/dL* (n=29) (n=70) (n=31)
LVEDD, mm 54.8 54.3 54.3 0.94
Diabetes mellitust (n=30) (n=51) (n=22)
LVEDD, mm 56.0 53.6 56.0 0.20
No diabetes mellitust (n=157) (n=248) (n=98)
LVEDD, mm 55.6 54.6 56.7 0.25
Current cigarette smoking (n=31) (n=47) (n=13)
LVEDD, mm 55.3 54.6 54.2 0.91
No or former smoking (n=156) (n=252) (n=107)
LVEDD, mm 55.8 54.4 56.9 0.23

*To convert values for cholesterol to mmol/L, multiply by 0.02586.
1Blood sugar >180 mg/dL, HbA1c >6.5%, or antidiabetic medication.
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TABLE 6. Frequencies of the Aldosterone Synthase Gene

Polymorphism in Normal Population and in Patients With Ml in

All Individuals and in Different Subgroups

Normal Patients
Population With MI P
Individuals Examined (n=1675) (n=606) 0
All individuals
TT genotype, % 30.9 29.0 UJ
CT genotype, % 493 494 U o084
CC genotype, % 19.8 21.6 U]
Arterial hypertension
Blood pressure (n=593) (n=223)
>140/90 mm Hg
TT genotype, % 29.8 28.3 ]
CT genotype, % 484 52.5 U os6
CC genotype, % 218 19.3 [l
Blood pressure (n=946) (n=383)
<140/90 mm Hg
TT genotype, % 28.4 324 [l
CT genotype, % 50.1 473 [ o036
CC genotype, % 21.5 20.4 Ul
Hypercholesterolemia
LDL-cholesterol >100 (n=1227) (n=477)
mg/dL*
TT genotype, % 28.0 33.1 U]
CT genotype, % 49.7 482 U oo07
CC genotype, % 222 18.7 ]
LDL-cholesterol <100 (n=312) (n=129)
mg/dL*
TT genotype, % 32.7 225 ]
CT genotype, % 48.4 52.7 L oo0s
CC genotype, % 18.9 24.8 UJ
Diabetes mellitust (n=59) (n=101)
TT genotype, % 25.4 29.7 ]
CT genotype, % 54.2 475 0 o
CC genotype, % 20.3 228 ]
No diabetes mellitust (n=1480) (n=505)
TT genotype, % 29.1 31.1 UJ
CT genotype, % 493 495 L 050
CC genotype, % 21.6 19.4 U]
Current cigarette smoking (n=382) (n=90)
TT genotype, % 29.8 35,6 ]
CT genotype, % 49.2 50.0 0 o3t
CC genotype, % 20.9 144 UJ
No or former smoking (n=1157) (n=516)
TT genotype, % 28.7 30.0 U]
CT genotype, % 495 49.0 U o84
CC genotype, % 218 20.9 ]

*To convert values for cholesterol to mmol/L, multiply by 0.02586.

1Blood sugar >180 mg/dL, HbA1c >6.5%, or antidiabetic medication.

be explained by differences in the size or location of
infarctions or the age at the time of infarction (ie, factors that
might affect survival after infarction). However, the lack of
association between the aldosterone synthase gene poly-
morphism and MI could not be explained by differences in
genotype groups with respect to the time that had elapsed
between the first Ml and presentation at the study center
(Table 1) or by differences in the age at the time of the Ml or
in the localization or size of the MI (Table 3).

Discussion
A strong association between the344C allele of the
aldosterone synthase gene polymorphism and increased LV
diameter and LV mass, as well as impaired diastolic function,
has been reported in a previous study of 84 young and healthy
individuals? In the present study, no such associations were
found in a large number of long-term survivors of MI.
Moreover, the aldosterone synthas844C/T allele frequen-
cies were equally distributed in a population-based sample
and in the present sample of patients with MI. Along with
similar distributions of MI size and location in various
genotype groups, these data may indicate that there is no
strong association between the aldosterone synthase gene
polymorphism and the risk of experiencing Ml as well as the
risk of presenting with poor remodeling after MI.

The discrepancy of the previous posithend the present
negative results may be explained by the fact that the
previous study was conducted with apparently healthy young
individuals, whereas the present study was conducted with
patients with MIl. Most of the present study patients were
taking antihypertensive medication, including ACE inhibitors
and B-blockers, that might affect aldosterone levels. Further-
more, ethnic differences between the previous (Finnish) and
the present (German) population samples may account for the
differences. This point may be of specific relevance if the
—344 allele status is a marker for another genetic alteration.
In particular, the aldosterone synthase gene locus may be in
close proximity to such causal mutation, which occurs,
therefore, in linkage disequilibrium with the344T/C poly-
morphism, at least in the isolate Finnish population.

Albeit the differences in the design between the previous
and the present study may account for the different results,
these data are not in favor of a strong influence of the
aldosterone synthase 344C/T polymorphism on LV size
and function in a western European population. First, the
aldosterone synthase gene polymorphism has no proved
effect on potential intermediate phenotypes such as increased
serum aldosterone levels or increased blood pressure that
might affect cardiac remodeling. Specifically, data on the
association with serum aldosterone levels are discrepant, with
1 study showing the highest levels in the CC genotype
groupid 2 studies showing the highest levels in the TT
genotype group® and 1 study showing no association.
Moreover, data on the association with blood pressure levels
are largely negative, including the present study on patients

defined by the presence or absence of coronary risk factorswith MI.46.8.9.18This may be of interest because other known
(Table 6). Given the limitations of such case-control analysis, mutations of the aldosterone synthase gene have in common
we examined whether the lack of difference in allele frequen- an affect on both aldosterone levels and blood presSure.
cies between the Ml registry and the survey population might Second, the allele status of the aldosterone synthase gene
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polymorphism had no effect on LV size and function in a
large population-based sample.

A limitation of the present study is that only survivors of
MI were included. Thus, the apparent lack of association
might result from LV dilatation and poor prognosis that occur
in patients with sudden or early death after MI. Although this
limitation cannot be excluded in any patient population that
has been sampled after MI, selection by survival is unlikely

because, first, the distribution of aldosterone synthase geno- 9.

types was equal in patients with Ml and a large population-
based sample and, second, there was no relation between

allele status and age at MlI, size or location of MI, or time 10.

elapsed since MI and the echocardiographic study.
Therefore, on the basis of the anthropometric and echocar-

diographic data and the examination of the aldosterone {4

synthase gene polymorphism in patients with Ml and a large
population-based sample, we conclude that this polymor-
phism is not a strong risk factor for Ml and does not appear
to influence LV remodeling after MI.
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