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Association of the C—344T aldosterone synthase gene variant
with essential hypertension: a meta-analysis
Silvia Sookoian?, Tomas Fernandez Gianotti?, Claudio Daniel Gonzalez® and

Carlos Jose Pirola®

Background The CYP11B2 gene (CYP11B2) encoding
aldosterone synthase has been associated with essential
hypertension and some, but not all, studies have reported
thatthe C—344T variant may influence the risk of the disease.

Objective We performed a systematic review of the
literature by means of a meta-analysis to evaluate the
influence of the C—344T CYP11B2 polymorphism on arterial
hypertension and intermediate phenotypes.

Methods From 485 reports, we included 42 observational
studies, case~-control and cohort at baseline. Fixed and
random effect models were used to pool data from
individual studies.

Results From 19 heterogeneous studies including 5343
essential hypertensive and 5882 control subjects, we found
a significant association between hypertension and the
C—344T variant in fixed but not in random effect models [for
homozygous CC: odds ratio (OR), 0.834; 95% confidence
interval (CI), 0.760-0.914; P<0.0001, n= 11 225]. Besides,
homozygous CC subjects had lower plasma renin activity
(D, —0.161; 95% CI, —0.279 to —0.043; P<0.01, n=1428)
but no difference in plasma aldosterone levels (D, —0.006;
95% Cl, —0.081 to 0.07; P=0.88, n=2872). Limiting the
quantitative analysis of blood pressure to 13 studies
including only untreated individuals, no significant
association was found for systolic arterial blood pressure
(D, 0.042; 95% Cl, —0.057 to 0.141; P=0.41, n=1775) and

Introduction

Essential hypertension, like other common diseases, is
under polygenic control; thus, the combination of small
quantitative changes in the expression of many genes,
together with environmental factors, combine to influ-
ence the risk of the disease. As a consequence, a con-
siderable number of gene variants have been assessed as
candidate determinants of the risk of hypertension.

The renin—angiotensin—aldosterone system is an import-
ant regulator of blood pressure, and molecular variants in
genes that encode components of this system have been
associated with several cardiovascular diseases, such as
essential hypertension, myocardial infarction and hyper-
trophic cardiomyopathy. Among them the CYP11B2 gene
(CYPI11B2) encodes a key enzyme of the aldosterone
biosynthesis — aldosterone synthase, a P450 mitochon-
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diastolic arterial blood pressure (D, 0.026; 95% CI, —0.073 to
0.125; P=0.61, n=1775).

Conclusion Homozygous individuals for the —344C
CYP11B2 allele are at 17% lower risk of hypertension with
respect to homozygous TT subjects. J Hypertens 25:5-13
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drial oxidase located mainly within the zona glomerulosa
of the adrenal cortex [1].

At the molecular level, the role of the (YPI1B2 locus in
hypertension and cardiovascular disease has been exten-
sively evaluated, paying particular attention to the
C—344T single nucleotide polymorphism in the 5 distal
promoter region of the gene. This biallelic polymorphism
affects a putative steroidogenic factor-1 (SF1) binding
site which is involved in the expression of steroid bio-
synthetic enzymes in the adrenal cortex [2], the C allele
being five times more avidly bound to the SF1 than the
T allele in vitro [3].

Some, but not all, studies have reported that the —344'T
allele is associated with an increased risk of hypertension
[4-6]. By contrast, other groups found an association
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between the —344C allele and hypertension [7], but not
with plasma aldosterone levels [8], whereas others
reported that the —344C allele of CYPI1B2 may be a
genetic marker for low-renin hypertension [9]. Finally, no
evidence of replication was reported by other authors
[10-13].

As meta-analysis is a reliable way to address discrepancies
in genetic association studies, we decided to evaluate the
influence of the CYPI11B2 C—344T polymorphism on the
occurrence of hypertension and related phenotypes by
using this systematic approach.

Methods

Data sources and study selection

For the electronic searches, published studies were found
through PubMed at the National Library of Medicine
(website: http://ncbi.nlm.nih.gov/entrez/query) and in
Medline databases for the query ‘(CYP11B2 or aldoster-
one synthase) and (gene or variants or polymorphism or
alleles) and (Haelll or C—344T). Reference lists in
relevant publications were also examined. In addition,
more than 673 abstract citations on CYP11B2 from
PubMed were revised using the program RefViz (Thom-
son, ISI Research Soft, Stamford, Connecticut, USA) by
searching for the above-mentioned additional keywords
in the abstract text. The literature search was done on
studies up to February 2006 and according to the avail-
ability of an English-language abstract or paper for
review. There were no country restrictions.

We evaluated 485 citations, identifying 42 studies that
met the selection criteria: population-based or hospital-
based case—control, cross-sectional studies concerning
the relationship between C—344T CYP/1B2 variant and
hypertension and related phenotypes such as plasma
renin activity, plasma aldosterone, systolic blood pressure
and diastolic blood pressure, in which information about
number of subjects in each category, sufficient data to
calculate outcomes, and genotyping performed with a
validated molecular method could be extracted. In the
case of cohorts, we included variables before any inter-
vention. Data on seven further studies were unavailable
because in the reports the investigators did not disclose
the raw data and our attempts to contact the authors
were unsuccessful [14—20]. Data from four studies that
fulfilled the eligibility criteria were included after
personal contact with the investigators [21-24].

An evaluation of study quality of the reviewed articles
using the median impact factor of the journals in which
they had been published was included [25].

Data collection

All odds ratios (OR) were calculated against healthy con-
trol subjects. For each study, information was collected
concerning the following characteristics of the subjects:

demographic information (age, sex, ethnicity) and clinical
features [systolic arterial blood pressure (SABP), diastolic
arterial blood pressure (DABP) and hypertension defined
as SABP > 140 mmHg or DABP >90 mmHg or treatment
with antihypertensive medication]. Biochemical deter-
minations such as plasma aldosterone (ALD) and plasma
renin activity (PRA) using any standard laboratory
method were also analysed, paying particular attention
to the sample collection (fasting blood samples obtained
in the morning after rest in a supine position). We
analysed the data after converting it to an uniform unit.

All quantitative variables had to be expressed as mean
+ standard deviation (SD); standard error (SE) or 95%
confidence intervals (CI) were converted to SD.

Because in some of the outcomes the variation seemed to
follow a co-dominant model of inheritance, to avoid
choosing any « priori model, we decided to compare only
the extreme genotypes; namely, homozygous T'T versus
homozygous CC, a comparison made before in a study
included in this meta-analysis [26].

Statistical analysis

For quantitative variables, effect stands for standardized
difference (D), which is defined as the mean difference
(between CC and T'T groups) divided by the common
within-group SD; and, for dichotomic variables, effect
stands for ORs with respect to the homozygous T'T as a
reference group unless indicated. Summary OR and
corresponding 95% CI were estimated by both fixed
and random effects meta-analysis. A fixed effect model
using the Mantel-Haenszel method was used to sum-
marize results, obtaining the corresponding pooled OR.
We assessed heterogeneity by using Q statistics. For D,
the Cohen test was used to summarize the results and
heterogeneity was evaluated with Q statistic and the
12 statistic, a transformation of Q that estimates the
percentage of the variation in effect sizes that is due to
heterogeneity. All calculations were performed using the
Comprehensive Meta-Analysis computer program (Bio-
stat, Englewood, New Jersey, USA).

In the case of heterogeneity, we identified study charac-
teristics that stratify the studies into subsets with homo-
geneous effects. We considered possible sources of
heterogeneity and stratified the studies by ethnicity,
age and gender, and repeated the analysis separately
for each group. If heterogeneity continued, we ranked
the studies according to their individual chi-squared,
removed the studies with the higher chi-squared and
repeated the process until homogeneity was achieved.
If the association became homogeneous after stratifica-
tion or after removing the outlier studies, we recalculated
the overall effect and 95% CI, and no further action was
taken. Although the studies removed in this way cannot
be considered outliers, removing studies that contribute
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most to heterogeneity is an unbiased way of achieving the
homogeneity required for meta-analysis [27].

Sensitivity of the findings was examined by recalculating
the pooled association sizes and joint values of P in homo-
geneous subgroups, as well as after excluding studies one
by one. Although the random effect model may exacerbate
the effect of the bias by awarding relatively more weight
to smaller studies (Cochrane Database of Systematic
Reviews, website: http://www.cochrane.org), as mentioned
above, we included the data using a random effects model.

To check for publication bias, a funnel plot was drawn.
A P value lower than 0.05 was considered to be
statistically significant.

Results

Study characteristics

Results from 42 studies were included in this meta-
analysis. Twenty-four studies were population-based
[6,8,12,13,22,26,28—-45] and 18 were hospital-based stu-
dies [4,7,9,10,21,23,24,46-56].

Twenty-seven studies included Caucasian subjects [4,6,
8,12,21,23,26,28-30,33,34,38,40—-42,44—46,48,50-52,54—
57], two studies included Finnish population [36,47], two
studies included Chinese subjects [31,43], nine involved
Japanese individuals [7,9,10,13,22,24,35,37,49], one study
included African American and White-Latino subjects
[32], one study included Himalayan subjects [39] and
one study included African or Afro-Caribbean people [45].

Genotyping for the C—344T polymorphism was carried
outacross studies using polymerase chain reaction—restric-
tion fragment length polymorphism (PCR-RFLP) fol-
lowed by digestion with the restriction enzyme Haelll
in 31 studies [5-10,12,13,21-24,26,28-31,33,34,36—41,
47-49,51,54,57], in six studies genotyping was performed
by allele-specific oligonucleotides [4,42,44,50,52,56], in
four studies by Tagman assay [32,35,43,55] and in one
study by single-strand conformational polymorphism [52].
"This polymorphism corresponds to the single nucleotide
polymorphism (SNP) rs1799998 (chr.10, pos. 143996602;
website: www.ensembl.org). T'aking into account only the
subjects of the control groups, genotypes were in Hardy—
Weinberg equilibrium in all ethnicity groups except for the
Japanese, if the study of Matsubara ¢ a/. [22] was included.

Considering also heterozygous TC individuals, the overall
frequencies of the T/C alleles in the control groups for the
C—-344T (CYPI1B2 variant were 0.72/0.28 in African
Americans, 0.69/0.31 in Japanese (not including the Mat-
subara ¢z al. study [22]), 0.53/0.47 in Caucasians and 0.59/
0.41 in White-Latinos, indicating a significant (P < 0.001)
variation of the polymorphism frequency across ethnic
groups. In fact, after considering only the homozygous
T'T versus CC, the proportion of T'T homozygous subjects
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over the CC ones was significantly different (P < 0.001)
among populations of different ancestry (Caucasians 1.5
and White-Latinos 1.8, versus African American 7.9 or
Asian 3.0).

Hypertension, systolic arterial blood pressure and
diastolic arterial blood pressure

We evaluated 19 studies [4,5,7-10,13,22,29-32,38,39,42,
45,49,54,57] comprising 11225 individuals (5343 patients
with essential hypertension and 5882 controls) and found
a significant association between arterial hypertension
and the C—-344T CYP/1BZ2 variant in fixed but not in
random models (see combined effects, Fig. 1, Table 1).
As there was significant heterogeneity (P < 0.0002), sub-
jects were stratified by ethnicity. The difference remains
significant in 4173 Caucasians and a trend was observed
in 4929 Japanese individuals (Table 1). However, the
heterogeneity remains, particularly in the Japanese group
(P < 0.05) and in Caucasians (P < 0.02). It is important to
note, however, that in Caucasian groups both fixed and
random effects models give significant results (0.0001 and
0.03, respectively, Fig. 1). By subtracting three reports
[7,9,49] including Japanese people and one report includ-
ing female Caucasian individuals [8] that appear to be
outliers, the heterogeneity was removed in each ethnicity
group, improving the statistical significance in the
remaining Japanese individuals (Table 1). Although in
the combined analysis the heterogeneity still remains
(P <0.05) owing to differences among ethnic groups,
both fixed and random effects were significant (T'able 1).

We used an additional strategy to handle persistent
heterogeneous associations, estimating the effect by
grouping only those large association studies with an
arbitrary cutoff of 500 individuals already used by others
[58,59]. Then, by fixed and random effects calculations,
we observed a significant association between hyperten-
sion and the C—344T variantin nine homogeneous studies
[4,10,13,22,29,31,32,42,53], encompassing 9338 individ-
uals (for homozygous CC: OR, 0.790; 95% CI, 0.713-
0.875; P<0.0001 in the fixed model and OR, 0.810;
95% CI, 0.706-0.929; P < 0.003 in the random model).

From the funnel plot shown in Fig. 2, it seems that the
there was no publication bias.

We further examined whether the association of the
C—344T CYP11B2 variant with hypertension depended
on age of the subjects; no difference was observed (data
not shown).

For the quantitative analysis of blood pressure, we con-
sidered only the reports in which the authors clearly
specified that they included only untreated individuals
or patients during the wash-out period of any antihyper-
tensive medication for at least 3 weeks. Twelve studies
were excluded since the use of medication may be a
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Fig. 1
Citation Ethnicity Year Effect Lower Upper NTotal Pvaluet0 5 2 1 05 0.2 0.1
Zhu H et al. [45] African 2003 7.867 0.996 62.108 162 0.022
Henderson SO et al. [32] African American 2004 0.531 0.251 1.122 286 0.093 —
Henderson SO et al. [32] African American 2004 0.685 0.369 1.271 409 0.229 -T-—
Kumar NN et al. [8] Caucasian 2003 3.149 1.356 7.310 95 0.007 —
Castellano Metal. [29] Caucasian 2003 0.717 0.549 0.936 1175 0.014 @
Davies E et al. [5] Caucasian 1999 0.374 0.157 0.891 105 0.024 —
Delles C et al. [30] Caucasian 2001 0.815 0.298 2.227 64 0.690 —t—
Brand E et al. [4] Caucasian 1998 0.583 0.411 0.827 979 0.002 -
Kumar NN et al. [8] Caucasian 2003 1.495 0.591 3.780 104 0.395 —
Zhu H et al. [45] Caucasian 2003 0.648 0.272 1.540 83 0.325 —T———
Patel S et al. [57] Caucasian 2000 0.796 0.413 1.536 263 0.496 —ro—
Patel S et al. [57] Caucasian 2000 0.988 0.569 1.716 261 0.966 ——
Porto Pl et al. [38] Caucasian 2003 1.002 0.407 2.465 95 0.996 —
Rossi E et al. [54] Caucasian 2001 0.296 0.130 0.678 114 0.003 —
Rossi E et al. [54] Caucasian 2001 0.898 0.414 1.950 109 0.786 ——
Staessen JA et al. [42] Caucasian 2001 0.659 0.457 0.949 726 0.025 ——
Gu Detal [31] Chinese 2004 0.733 0.467 1.150 565 0.176 +o—
Rajput C et al. [39] Himalayan 2005 1.757 0.840 3.675 175 0.132 —e—
Tsujita Y et al. [13] Japanese 2001 0.948 0.703 1.279 1249 0.728 -&-
Tamaki S et al. [9] Japanese 1999 1.490 0.818 2.714 304 0.191 —er
Matsubara M et al. [22] Japanese 2004 0.630 0.488 0.814 1002 0.000 L 2
Tsujita Y et al. [13] Japanese 2001 0.945 0.685 1.303 1102 0.729 i—_
Kato N ef al. [10] Japanese 2000 0.913 0.580 1.437 439 0.693
Kato N et al. [10] Japanese 2000 1.013 0.588 1.745 356 0.963 ——
Komiya | et al. [49] Japanese 2000 0.275 0.059 1.283 100 0.083
Komiya | et al. [49] Japanese 2000 1.157 0.417 3.206 102 0.780 ——
Tsukada K et al. [7] Japanese 2002 1.535 0.811 2.907 275 0.186 —e—
Henderson SO et al. [32] White-Latinos 2004 1.453 0.834 2.533 259 0.186 —e—
Henderson SO et al. [32] White-Latinos 2004 1.429 0.837 2.439 267 0.190 —o—r
Combined (29) 0.834 0.760 0914 11225 0.000 E
Combined (29) 0.885 0.758 1.035 11225 0.125

TT CcC

Summary estimates for odds ratios (effect), the corresponding 95% confidence interval (Cl) limits (lower and upper) and significance (P value) were
calculated by fixed and random effects meta-regression analysis for hypertension between the two groups according to the C-344T CYP11B2
variant (homozygous TT and CC). The total number of combined studies is indicated between parentheses, the first row for fixed and the second one
for random effects, respectively. The first author of the study is indicated under ‘Citation’. The first author of the study appears twice in the figure
when the data were regarded separately either by age or gender. In the graph, numbers indicate OR in a log scale, filled circles stand for the effect of
individual studies and filled squares express fixed combined effects and random combined effects. The symbol size is proportional to the number of
individuals involved in each study.

Table 1 Summary estimates for odds ratios (effect), the corresponding 95% confidence interval (Cl) limits (lower and upper) and
significance (P value) were estimated by fixed and random effects meta-regression analysis for hypertension between the two groups
according to the C-344T CYP11B2 variant (homozygous TT and CC) according to ethnicity

Fixed effect Random effect
Ethnicity N total CC T Effect Lower Upper P value Effect Lower Upper P value
African (1) 162 13 149 7.867 0.996 62.108 0.05 7.867 0.996 62.108 0.05
African American (1) 695 78 617 0.618 0.384 0.995 0.05 0.618 0.384 0.994 0.05
Caucasian (10) 4173 1683 2490 0.726 0.627 0.841 0.00 0.765 0.601 0.975 0.03
Caucasian (9) 4078 1640 2438 0.691 0.595 0.802 0.00 0.695 0.585 0.826 0.00
Chinese (1) 565 92 473 0.733 0.467 1.150 0.18 0.733 0.467 1.150 0.18
Himalayan (1) 175 37 138 1.757 0.840 3.675 0.13 1.757 0.840 3.675 0.13
Japanese (6) 4929 1204 3725 0.871 0.758 1.002 0.05 0.935 0.750 1.166 0.55
Japanese (3) 4148 1050 3098 0.824 0.709 0.957 0.01 0.845 0.692 1.032 0.10
White-Latinos (2) 526 188 338 1.441 0.980 2.118 0.06 1.441 0.980 2.118 0.06
Combined (19) 11225 3295 7930 0.834 0.760 0.914 0.00 0.885 0.758 1.035 0.13
Combined (16) 10174 3061 7113 0.787 0.714 0.867 0.00 0.802 0.696 0.924 0.00

Total number of combined studies is indicated between parentheses. The second row for Caucasians and Japanese subjects studies correspond to homogeneous studies
(after removing heterogeneity for sensitivity analysis).
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Funnel plots of precision by effect size for essential hypertension. OR,
odds ratio; SE, standard error.

confounding variable in the analysis [6,12,13,22,33,35,
37,42-44,51,56]. Consequently, data about SABP were
available in 13 studies encompassing 1775 individuals
[9,21,24,28,30,36,39—-41,47,48,50,55] and no association
with the CYPI1B2 C—344T variant was found by either
fixed or random models (Table 2). There was significant
heterogeneity amongst the reports, P < 0.005, particularly
in Caucasian populations. Although heterogeneity dis-
appeared after removing one outlier study [21], the fixed
effect was still not significant (D, 0.062; 95% CI, —0.038

Aldosterone synthase and hypertension Sookoian et al. 9

In the same 13 studies where data about DABP were
available in the same conditions described above [9,21,
24,28,30,36,39-41,47,48,50,55] no significant association
with the variant was found (Table 3). Besides, there was
significant heterogeneity (P <0.01), mainly between
studies including Caucasians. Despite the fact that
heterogeneity disappeared after removing the outlier
studies [21,30], the fixed effect was still not significant
(D, 0.057; 95% CI, —0.044 to 0.158; P=0.27, n=1706).

Plasma aldosterone and plasma renin activity

ALD was not significantly associated with the C—344T
CYP11B2 polymorphism in 14 heterogeneous studies
[6,7,12,23,26,28,30,34,38-40,48,52,55] including 2872
individuals (D, —0.006; 95% CI, —0.081 to 0.07; P=
0.881). Heterogeneity was removed after excluding
two reports [7,39] and the effect was again not significant
(D, 0.017; 95% CI, —0.059 to 0.094; P=0.655; n=2708).

Regarding PRA, there was information from eight hetero-
geneous studies [6,7,22,28,39,48,51,55] with a total of
1428 individuals. A significantly lower PRA level was
found in the CC group, mainly in 562 Caucasian indi-
viduals, by both fixed and random models (Table 4).

Overall study quality

The median impact factor for all the included studies
for hypertension was 4.87 (range 0.99-9.13), 4.87 for
SABP (range 1.07-12.56), 4.87 for DABP (range 1.07-

to 0.162; P=0.22, n=1732). 12.56), 4.87 for plasma aldosterone (range 0.99-12.56)

Table 2 Summary estimates for the standardized difference in systolic arterial blood pressure between the two groups according to the
C-344T CYP11B2 variant (homozygous CC versus TT)

Number of individuals Effect
Ethnicity Age Sex Citation Year Total CcC T D Lower Upper P
Finnish 20-50 Male Hautanena et al. [47] 1998 31 12 19 0.313 —0.446 1.072 0.39
Finnish 20-50 Mixed Kupari et al. [36] 1998 42 20 22 0.392 —0.239 1.023 0.20
Fixed Finnish (2) 73 32 41 0.359 -0.117 0.835 0.14
Random Finnish (2) 73 32 41 0.359 —-0.117 0.835 0.14
Himalayan 51-65 Male Rajput et al. [39] 2005 70 20 50 0.726 0.183 1.269 0.01
Fixed Himalayan (1) 70 20 50 0.726 0.183 1.269 0.01
Random Himalayan (1) 70 20 50 0.726 0.183 1.269 0.01
Japanese 51-65 Male Isaji et al. [24] 2005 393 99 294 —0.080 —0.308 0.149 0.49
Japanese 51-65 Mixed Tamaki et al. [9] 1999 64 9 55 0.175 —0.545 0.894 0.62
Fixed Japanese (2) 457 108 349 —0.056 -0.273 0.162 0.62
Random Japanese (2) 457 108 349 —0.056 —0.273 0.162 0.62
Caucasian 20-50 Male Brand et al. [28] 1999 92 55 37 0.269 —0.155 0.694 0.20
Caucasian 20-50 Male Delles et al. [30] 2001 38 18 20 0.089 —0.570 0.748 0.78
Caucasian 20-50 Male Delles et al. [30] 2001 26 11 15 —-0.775 —1.629 0.079 0.06
Caucasian 20-50 Male Heller et al. [48] 2004 51 25 26 —0.188 —0.752 0.377 0.50
Caucasian 20-50 Mixed Lajemi et al. [50] 2001 221 80 141 0.180 —0.097 0.456 0.20
Caucasian 20-50 Mixed Poch et al. [21] 2001 43 12 31 —0.967 —1.688 —0.245 0.01
Caucasian 51-65 Male Russo et al. [40] 2002 394 182 212 0.012 —0.186 0.211 0.90
Caucasian 20-50 Female Sarzani et al. [41] 2003 99 34 65 0.008 —-0.412 0.428 0.97
Caucasian 20-50 Male Sarzani et al. [41] 2003 98 37 61 0.378 —0.039 0.796 0.07
Caucasian 20-50 Mixed Stella et al. [65] 2004 113 48 65 —0.239 —0.617 0.140 0.21
Fixed Caucasian (10) 1175 502 673 0.017 —0.100 0.135 0.77
Random Caucasian (10) 1175 502 673 —0.027 —-0.219 0.166 0.79
Fixed Combined (15) 1775 662 1113 0.042 —0.057 0.141 0.41
Random Combined (15) 1775 662 1113 0.051 —0.109 0.211 0.54

D stands for standardized difference. Corresponding 95% confidence interval (Cl) limits (lower and upper effect) were estimated by fixed and random effect meta-analysis.
The first author of the reference is indicated in the citation column. The studies were divided according to ethnicity, and the total number of combined studies is indicated in
parentheses.
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Table 3 Summary estimates for the standardized difference in diastolic arterial blood pressure between the two groups according to the
C-344T CYP11B2 variant (homozygous CC versus TT)

Number of individuals Effect
Ethnicity Age Sex Citation Year Total CC T D Lower Upper P
Finnish 20-50 Male Hautanena et al. [47] 1998 31 12 19 0.347 —0.413 1.107 0.34
Finnish 20-50 Mixed Kupari et al. [36] 1998 42 20 22 0.310 -0.318 0.939 0.31
Fixed Finnish (2) 73 32 41 0.325 —0.150 0.801 0.18
Random Finnish (2) 73 32 41 0.325 —0.150 0.801 0.18
Himalayan 51-65 Male Rajput et al. [39] 2005 70 20 50 0.651 0.111 1.191 0.02
Fixed Himalayan (1) 70 20 50 0.651 0.111 1.191 0.02
Random Himalayan (1) 70 20 50 0.651 0.111 1.191 0.02
Japanese 51-65 Male Isaji et al. [24] 2005 393 99 294 0.057 —-0.171 0.286 0.62
Japanese 51-65 Mixed Tamaki et al. [9] 1999 64 9 55 0.442 —0.281 1.165 0.22
Fixed Japanese (2) 457 108 349 0.093 -0.124 0.311 0.40
Random Japanese (2) 457 108 349 0.097 —0.134 0.328 0.41
Caucasian 20-50 Male Brand et al. [28] 1999 92 55 37 0.000 —0.422 0.422 1.00
Caucasian 20-50 Male Delles et al. [30] 2001 38 18 20 —0.410 -1.077 0.256 0.21
Caucasian 20-50 Male Delles et al. [30] 2001 26 11 15 -1.117 —2.006 —0.227 0.01
Caucasian 20-50 Male Heller et al. [48] 2004 51 25 26 —0.392 —0.961 0.176 0.16
Caucasian 20-50 Mixed Lajemi et al. [50] 2001 221 80 141 0.000 —0.276 0.276 1.00
Caucasian 20-50 Mixed Poch et al. [21] 2001 43 12 31 —0.942 —1.661 —0.222 0.01
Caucasian 51-65 Male Russo et al. [40] 2002 394 182 212 —0.021 —0.220 0.178 0.84
Caucasian 20-50 Female Sarzani et al. [41] 2003 99 34 65 0.088 —0.333 0.508 0.68
Caucasian 20-50 Male Sarzani et al. [41] 2003 98 37 61 0.474 0.055 0.893 0.02
Caucasian 20-50 Mixed Stella et al. [65] 2004 113 48 65 —0.021 —0.398 0.356 0.91
Fixed Caucasian (10) 1175 502 673 —0.044 —0.161 0.074 0.47
Random Caucasian (10) 1175 502 673 —-0.111 —-0.317 0.095 0.29
Fixed Combined (15) 1775 662 1113 0.026 —0.073 0.125 0.61
Random Combined (15) 1775 662 1113 0.016 —0.152 0.183 0.85

D stands for standardized difference. Corresponding 95% confidence interval (Cl) limits (lower and upper effect) were estimated by fixed and random effect meta-analysis.
The first author of the reference is indicated in the citation column. The studies were divided according to ethnicity, and the total number of combined studies is indicated in
parentheses.

and 4.87 for PRA (range 1.07-9.13). In conclusion,
we observed that the data we have included in the
analysis were published in leading journals with a high
impact factor.

Discussion

It is well known that association studies represent a
powerful approach to identification of genetic variants
that influence susceptibility to common diseases [27].

However, agreement exists about the fact that epidemio-
logical evidence for gene—disease association requires
replication, validation and synthesis [60].

Some, but not all, studies have reported that the CYP11B2
C—344T polymorphism 1is associated with the risk of
hypertension. Both allelic distribution in groups with
different ethnic backgrounds and the disparity between
the studies regarding selection criteria of the population,

Table 4 Summary estimates for the standardized difference in plasma renin activity between the two groups according to the C-344T
CYP11B2 variant (homozygous CC versus TT)

Number of individuals Effect
Ethnicity Age Sex Citation Year Total CcC T D Lower Upper P
Himalayan 51-65 Male Rajput et al. [39] 2005 70 20 50 0.099 —0.429 0.627 0.71
Fixed Himalayan (1) 70 20 50 0.099 —0.429 0.627 0.71
Random Himalayan (1) 70 20 50 0.099 —0.429 0.627 0.71
Japanese 51-65 Mixed Matsubara et al. [22] 2004 702 168 534 0.000 —-0.174 0.174 1.00
Japanese 51-65 Mixed Tsukada et al. [7] 2002 94 13 81 —2.480 —-3.177 -1.782 0.00
Fixed Japanese (2) 796 181 615 —0.148 —0.316 0.021 0.09
Random Japanese (2) 796 181 615 —-1.216 —3.650 1.217 0.33
Caucasian 20-50 Male Brand et al. [28] 1999 92 55 37 —0.562 —0.992 —0.131 0.01
Caucasian >65 Mixed Casiglia et al. [6] 2005 214 67 147 —0.290 —0.5682 0.002 0.05
Caucasian 20-50 Male Heller et al. [48] 2004 51 25 26 —-0.616 —1.194 —0.039 0.03
Caucasian 51-65 Mixed Mulatero et al. [51] 2002 92 29 63 —0.297 —0.746 0.151 0.18
Caucasian 20-50 Mixed Stella et al. [65] 2004 113 48 65 0.473 0.091 0.856 0.01
Fixed Caucasian (5) 562 224 338 —0.205 —0.381 —0.030 0.02
Random Caucasian (5) 562 224 338 —0.240 —0.622 0.142 0.22
Fixed Combined (8) 1428 425 1003 —0.161 —0.279 —0.043 0.01
Random Combined (8) 1428 425 1003 —0.402 —0.808 0.004 0.05

D stands for standardized difference. Corresponding 95% confidence interval (Cl) limits (lower and upper effect) were estimated by fixed and random effect meta-analysis.
The first author of the reference is indicated in the citation column. The studies were divided according to ethnicity, and the total number of combined studies is indicated in
parentheses.
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small sample size and biased selection in several
parameters may contribute to these arguable results.

We performed a systematic review of the literature by
means of a meta-analysis on the relationship of the variant
with essential hypertension, and showed that the —344C
allele was associated with a decreased risk of arterial
hypertension (odds ratio 0.834, P <0.0001). This con-
clusion arises from a total of 11225 individuals recruited
from 19 heterogeneous studies, without evidence of
publication bias for the outcome.

However, a note of caution should be added because
heterogeneity may potentially restrict the interpretation
of the pooled risk estimates. Heterogeneity in a meta-
analysis is mostly produced by differences in study design
and background characteristics of the subjects, and the
extent of heterogeneity might influence the conclusions.
In our study, in the analysis of sensitivity, heterogeneity
disappeared in each majority ethnic group after removing
outlier studies, as was explained before. However, when
analysing the combined studies, heterogeneity still
remains, although we could not identify any clear meth-
odological discrepancy that could account for heterogen-
eity (data not shown), indicating that the major component
of the heterogeneity is due to differences among the ethnic
groups. Nevertheless, the consequent sensitivity analysis
revealed that across the majority ethnic groups the pooled
risk estimates reflected similar tendencies. In addition, a
random effect model, where heterogeneity is no longer an
issue, provided a significant result in Caucasians.

As the largest studies may have yielded more conserva-
tive results that the smaller ones, we used an additional
strategy to handle persistent heterogeneity. We esti-
mated the effect by grouping only those large association
studies with an arbitrary cutoff of 500 individuals already
used by others [58,59]. Then, in nine homogeneous
studies [4,10,13,22,29,31,32,42,53], we observed a signifi-
cant association between hypertension and the C—344T
variant by both fixed and random effects calculations.

Ethnicity may have acted as an important variable in
determining association risk with hypertension, since
Caucasians and Japanese homozygous for the C allele
had reduced risk of hypertension (OR, 0.691, P < 0.0001
and OR, 0.824, P <0.011, respectively). In other words,
homozygosity for the —344T allele confers a 1.45 higher
risk of hypertension in Caucasians and a 1.21 higher risk
of hypertension in the Japanese. Even with a smaller
number of subjects analysed (# =695) in only one study,
an important risk of hypertension (OR, 1.62; P <0.05)
was associated with homozygosity for the —344T variant
in a study of African Americans [32].

PRA has been used to classify essential hypertensive
patients into low, medium and high renin subgroups;
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despite different plasma renin activity, aldosterone
excretion was similar between the subgroups. Therefore,
patients in the high renin subgroup are characterized by
signs of volume contraction and by a relative unrespon-
siveness of the adrenal gland to angiotensin Il-induced
aldosterone secretion [61]. It is therefore important to
consider our findings in relation to PRA and the C—344T
CYP11B2 variant. In this regard, a significant 7% higher
PRA in homozygous TT was observed in a total of
1876 individuals, particularly in 562 Caucasians. In con-
trast, there was no significant association of C(YPI/I/B2
C—344T genotypes with plasma aldosterone levels.

The single nucleotide substitution from C to T at the
—344 position disrupts a putative transcription binding
site for steroidogenic factor 1 (SF1) and the in-vitro
affinity of the T allele for SF1 is five times lower than
that of the C-allele, but the polymorphism may have no
impact on the transcriptional regulation of CYP11B2 [3].
However, in a normal Caucasian population, the T allele
was associated with higher excretion rates of tetrahy-
droaldosterone [5,52]. Interestingly, we observed that
the C allele seems to be the ancestral allele since it is
conserved not only in our closer relative, the chimpanzee
(Pan troglodytes), but also in the rat, mouse and dog
(website: genome.cse.ucsc.edu). It is to be noted that
the C—344T variant (SNP: rs1799998) is located closely
downstream to a very conserved DNA sequence of 30 bp
that contains the recognition site for the transcription
factor ¢/EBPalpha, and that other polymorphisms yet
unrecognized may be the causative factors for the associ-
ation we found.

Furthermore, in the absence of a significant effect of the
T allele on plasma aldosterone, it is worth noting that we
found that Caucasian T'T" homozygous individuals had
64.3% higher PRA. This elevated PRA may be adaptive
to a lack of adequate response of the (YP/1B2 promoter
bearing the T allele to the angiotensin II-mediated
stimulus, and therefore the putative elevated plasma
angiotensin II may make T'T homozygous subjects more
prone to hypertension.

It is also worth mentioning that we did not find any
significant difference among genotypes and SABP and
DABP despite efforts to remove heterogeneity and to
group the studies by ethnicity, sex and age (data not
shown). At first glance, it seems contradictory that the
T allele be associated with hypertension as a dichoto-
mous variable but not with arterial blood pressure (ABP),
the quantitative trait behind hypertension. We wish to
note that we limited the quantitative analysis of blood
pressure to 13 studies including only untreated individ-
uals, although analysing all studies with available data
gave similar results (data not shown). The fact that the
number of subjects analysed in studies reporting ABP was
rather smaller than in hypertension studies may explain
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why we found a significant association of the C—344T
variant with hypertension but not with blood pressure.

To summarize, to the best of our knowledge, although
there was a very small systematic review of the literature
[31], this report represents the first meta-analysis includ-
ing all available evidence to date indicating that subjects
homozygous for the —344T allele of the CYP11B2 gene
have, at least, a 17% greater risk of essential hypertension
compared with those homozygous for the C—344 allele.

Our findings may have an important impact on public
health, since we observed that the T'T genotype was five
times more frequent than the homozygous CC genotype
in African American people and two times more frequent
in Asian individuals, in comparison with Caucasians. Even
though these differences can be attributed to bias in the
proportion of cases and controls included in the evaluated
studies, considering the frequencies of C and T alleles in
the control groups, there was a clearly higher proportion of
allele T in African American and Japanese subjects over
that in Caucasian ones, indicating that the influence of this
genetic factor may be greater in the former groups. Despite
the considerable controversy regarding the existence and
importance of ethnic differences in genetic effects for
complex diseases [62], it seems evident that genetic mar-
kers for proposed gene—disease associations vary in fre-
quency across populations.

Finally, having faced the difficulties of doing a systematic
review in this topic, and in agreement with Lohmueller
et al. [27], we strongly encourage the inclusion in genetic
association studies of all the data in standard format,
either in print or in supplementary electronic material,
to facilitate further meta-analysis with more robust esti-
mates of the genetic effect; for instance complete records
of all of the phenotypes available by genotypes and geno-
type counts for cases and controls, even though some of
these data were not the primary issues of the publication.

References

1 White PC. Disorders of aldosterone biosynthesis and action. N Engl J Med
1994; 331:250-258.

2 White PC, Slutsker L. Haplotype analysis of CYP11B2. Endocr Res 1995;
21:437-442.

3 Bassett MH, Zhang Y, Clyne C, White PC, Rainey WE. Differential
regulation of aldosterone synthase and 11beta-hydroxylase transcription by
steroidogenic factor-1. J Mol Endocrinol 2002; 28:125-135.

4 Brand E, Chatelain N, Mulatero P, Fery I, Curnow K, Jeunemaitre X, et al.
Structural analysis and evaluation of the aldosterone synthase gene in
hypertension. Hypertension 1998; 32:198-204.

5 Davies E, Holloway CD, Ingram MC, Inglis GC, Friel EC, Morrison C, et al.
Aldosterone excretion rate and blood pressure in essential hypertension
are related to polymorphic differences in the aldosterone synthase gene
CYP11B2. Hypertension 1999; 33:703-707.

6 Casiglia E, Tikhonoff V, Mazza A, Rynkiewicz A, Limon J, Caffi S, et al. C-
344T polymorphism of the aldosterone synthase gene and blood pressure
in the elderly: a population-based study. J Hypertens 2005; 23:1991 -
1996.

7 Tsukada K, Ishimitsu T, Teranishi M, Saitoh M, Yoshii M, Inada H, et al.
Positive association of CYP11B2 gene polymorphism with genetic
predisposition to essential hypertension. J Hum Hypertens 2002; 16:789—
793.

20

21

22

23

24

25

26

27

28

Kumar NN, Benjafield AV, Lin RC, Wang WY, Stowasser M, Morris BJ.
Haplotype analysis of aldosterone synthase gene (CYP11B2)
polymorphisms shows association with essential hypertension. J
Hypertens 2003; 21:1331-1337.

Tamaki S, Iwai N, Tsujita Y, Kinoshita M. Genetic polymorphism of
CYP11B2 gene and hypertension in Japanese. Hypertension 1999;
33:266-270.

Kato N, Sugiyama T, Morita H, Kurihara H, Furukawa T, Isshiki T, et al.
Comprehensive analysis of the renin—angiotensin gene polymorphisms
with relation to hypertension in the Japanese. J Hypertens 2000; 18:1025-
1032.

Pojoga L, Gautier S, Blanc H, Guyene TT, Poirier O, Cambien F, Benetos A.
Genetic determination of plasma aldosterone levels in essential
hypertension. Am J Hypertens 1998; 11:856-860.

Schunkert H, Hengstenberg C, Holmer SR, Broeckel U, Luchner A,
Muscholl MW, et al. Lack of association between a polymorphism of the
aldosterone synthase gene and left ventricular structure. Circulation 1999;
99:2255-2260.

Tsujita Y, Iwai N, Katsuya T, Higaki J, Ogihara T, Tamaki S, et al. Lack of
association between genetic polymorphism of CYP11B2 and hypertension
in Japanese: the Suita Study. Hypertens Res 2001; 24:105-109.
Barbato A, Russo P, Siani A, Folkerd EJ, Miller MA, Venezia A, et al.
Aldosterone synthase gene (CYP11B2) C-344T polymorphism, plasma
aldosterone, renin activity and blood pressure in a multi-ethnic population. J
Hypertens 2004; 22:1895-1901.

Kosachunhanun N, Hunt SC, Hopkins PN, Williams RR, Jeunemaitre X,
Corvol P, et al. Genetic determinants of nonmodulating hypertension.
Hypertension 2003; 42:901-908.

Kurland L, Melhus H, Karlsson J, Kahan T, Malmgvist K, Ohman P, et al.
Aldosterone synthase (CYP11B2) —344 C/T polymorphism is related to
antihypertensive response: result from the Swedish Irbesartan Left
Ventricular Hypertrophy Investigation versus Atenolol (SILVHIA) trial. Am J
Hypertens 2002; 15:389-393.

Lim PO, Macdonald TM, Holloway C, Friel E, Anderson NH, Dow E, et al.
Variation at the aldosterone synthase (CYP11B2) locus contributes to
hypertension in subjects with a raised aldosterone-to-renin ratio. J Clin
Endocrinol Metab 2002; 87:4398-4402.

Stolarz K, Staessen JA, Kawecka-Jaszcz K, Brand E, Bianchi G, Kuznetsova
T, et al. Genetic variation in CYP11B2 and AT1R influences heart rate
variability conditional on sodium excretion. Hypertension 2004; 44:156—
162.

Tang W, Devereux RB, Rao DC, Oberman A, Hopkins PN, Kitzman DW,
Arnett DK. Associations between angiotensinogen gene variants and left
ventricular mass and function in the HyperGEN study. Am Heart J 2002;
143:854-860.

Pamies-Andreu E, Ramirez-Lorca R, Stiefel GJ, Muniz-Grijalbo O, Vallejo-
Maroto |, Garcia MS, et al. Renin—angiotensin—aldosterone system and G-
protein beta-3 subunit gene polymorphisms in salt-sensitive essential
hypertension. J Hum Hypertens 2003; 17:187-191.

Poch E, Gonzalez D, Giner V, Bragulat E, Coca A de LS. Molecular basis of
salt sensitivity in human hypertension Evaluation of renin—angiotensin—
aldosterone system gene polymorphisms. Hypertension 2001; 38:1204 -
1209.

Matsubara M, Sato T, Nishimura T, Suzuki M, Kikuya M, Metoki H, et al.
CYP11B2 polymorphisms and home blood pressure in a population-based
cohort in Japanese: the Ohasama study. Hypertens Res 2004; 27:

1-6.

Nicod J, Bruhin D, Auer L, Vogt B, Frey FJ, Ferrari P. A biallelic gene
polymorphism of CYP11B2 predicts increased aldosterone to renin ratio in
selected hypertensive patients. J Clin Endocrinol Metab 2003; 88:2495—
2500.

Isaji M, Mune T, Takada N, Yamamoto Y, Suwa T, Morita H, et al. Correlation
between left ventricular mass and urinary sodium excretion in specific
genotypes of CYP11B2. J Hypertens 2005; 23:1149-1157.

Dickersin K, Berlin JA. Meta-analysis: state-of-the-science. Epidemiol Rev
1992; 14:154-176.

Kennon B, Ingram MC, Friel EC, Anderson NH, MacKenzie SM, Davies E,
et al. Aldosterone synthase gene variation and adrenocortical response to
sodium status, angiotensin Il and ACTH in normal male subjects. Clin
Endocrinol (Oxf) 2004; 61:174-181.

Lohmueller KE, Pearce CL, Pike M, Lander ES, Hirschhorn JN. Meta-
analysis of genetic association studies supports a contribution of common
variants to susceptibility to common disease. Nat Genet 2003; 33:177 -
182.

Brand E, Schorr U, Ringel J, Beige J, Distler A, Sharma AM. Aldosterone
synthase gene (CYP11B2) C-344T polymorphism in Caucasians from the
Berlin Salt-Sensitivity Trial (BeSST). J Hypertens 1999; 17:1563—
1567.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

Castellano M, Glorioso N, Cusi D, Sarzani R, Fabris B, Opocher G, et al.
Genetic polymorphism of the renin—angiotensin—aldosterone system and
arterial hypertension in the ltalian population: the GENIPER Project.

J Hypertens 2003; 21:1853-1860.

Delles C, Erdmann J, Jacobi J, Hilgers KF, Fleck E, Regitz-Zagrosek V,
Schmieder RE. Aldosterone synthase (CYP11B2) —344 C/T
polymorphism is associated with left ventricular structure in human arterial
hypertension. J Am Coll Cardiol 2001; 37:878-884.

Gu D, Ge D, He J, Li B, Chen J, Liu D, et al. Haplotypic analyses of the
aldosterone synthase gene CYP11B2 associated with stage-2
hypertension in northern Han Chinese. Clin Genet 2004; 66:409-416.
Henderson SO, Haiman CA, Mack W. Multiple polymorphisms in the
renin— angiotensin—aldosterone system (ACE, CYP11B2, AGTR1) and
their contribution to hypertension in African Americans and Latinos in the
multiethnic cohort. Am J Med Sci 2004; 328:266-273.

Hengstenberg C, Holmer SR, Mayer B, Lowel H, Engel S, Hense HW, et al.
Evaluation of the aldosterone synthase (CYP11B2) gene polymorphism in
patients with myocardial infarction. Hypertension 2000; 35:704-709.
Kathiresan S, Larson MG, Benjamin EJ, Corey D, Murabito JM, Fox CS,
etal. Clinical and genetic correlates of serum aldosterone in the community:
the Framingham Heart Study. Am J Hypertens 2005; 18:657—665.
Kikuya M, Sugimoto K, Katsuya T, Suzuki M, Sato T, Funahashi J, et al.
A/C1166 gene polymorphism of the angiotensin Il type 1 receptor (AT1)
and ambulatory blood pressure: the Ohasama Study. Hypertens Res 2003;
26:141-145.

Kupari M, Hautanen A, Lankinen L, Koskinen P, Virolainen J, Nikkila H,
White PC. Associations between human aldosterone synthase
(CYP11B2) gene polymorphisms and left ventricular size, mass, and
function. Circulation 1998; 97:569-575.

Matsubara M, Kikuya M, Ohkubo T, Metoki H, Omori F, Fujiwara T, et al.
Aldosterone synthase gene (CYP11B2) C-334T polymorphism,
ambulatory blood pressure and nocturnal decline in blood pressure in the
general Japanese population: the Ohasama Study. J Hypertens 2001;
19:2179-2184.

Porto Pl, Garcia Sl, Dieuzeide G, Gonzalez C, Pirola CJ. Renin—
angiotensin—aldosterone system loci and multilocus interactions in young-
onset essential hypertension. Clin Exp Hypertens 2003; 25:117-130.
Rajput C, Makhijani K, Norboo T, Afrin F, Sharma M, Pasha ST, Pasha MA.
CYP11B2 gene polymorphisms and hypertension in highlanders
accustomed to high salt intake. J Hypertens 2005; 23:79-86.

Russo P, Siani A, Venezia A, lacone R, Russo O, Barba G, et al. Interaction
between the C(—344)T polymorphism of CYP11B2 and age in the
regulation of blood pressure and plasma aldosterone levels: cross-
sectional and longitudinal findings of the Olivetti Prospective Heart Study.
J Hypertens 2002; 20:1785-1792.

Sarzani R, Salvi F, Dessi-Fulgheri P, Catalini R, Mazzara D, Cola G, et al.
Aldosterone synthase alleles and cardiovascular phenotype in young
adults. J Hum Hypertens 2003; 17:859-864.

Staessen JA, Wang JG, Brand E, Barlassina C, Birkenhager WH, Herrmann
SM, et al. Effects of three candidate genes on prevalence and incidence of
hypertension in a Caucasian population. J Hypertens 2001; 19:1349—
1358.

Wang JG, Liu L, Zagato L, Xie J, Fagard R, Jin K| et al. Blood pressure in
relation to three candidate genes in a Chinese population. J Hypertens
2004; 22:937-944.

Wojciechowska W, Staessen JA, Stolarz K, Nawrot T, Filipovsky J, Ticha M,
et al. Association of peripheral and central arterial wave reflections with the
CYP11B2 —344C allele and sodium excretion. J Hypertens 2004;
22:2311-2319.

Zhu H, Sagnella GA, Dong Y, Miller MA, Onipinla A, Markandu ND,
MacGregor GA. Contrasting associations between aldosterone synthase
gene polymorphisms and essential hypertension in blacks and in whites.
J Hypertens 2003; 21:87-95.

Davies E, Holloway CD, Ingram MC, Friel EC, Inglis GC, Swan L, et al. An
influence of variation in the aldosterone synthase gene (CYP11B2) on
corticosteroid responses to ACTH in normal human subjects. Clin
Endocrinol (Oxf) 2001; 54:813-817.

Hautanena A, Lankinen L, Kupari M, Janne OA, Adlercreutz H, Nikkila H,
White PC. Associations between aldosterone synthase gene
polymorphism and the adrenocortical function in males. J Intern Med 1998;
244:11-18.

Heller S, Linhart A, Jindra A, Jachymova M, Horky K, Peleska J, et al.
Association of —344/T/C aldosterone synthase polymorphism (CYP11B2)
with left ventricular structure and humoral parameters in young
normotensive men. Blood Press 2004; 13:158-163.

Komiya |, Yamada T, Takara M, Asawa T, Shimabukuro M, Nishimori T,
Takasu N. Lys(173)Arg and —344T/C variants of CYP11B2 in Japanese
patients with low-renin hypertension. Hypertension 2000; 35:699-703.

50

51

52

53

54

55

56

57

58

59

60

61

62

Aldosterone synthase and hypertension Sookoian et al. 13

Lajemi M, Labat C, Gautier S, Lacolley P, Safar M, Asmar R, et al.
Angiotensin |l type 1 receptor-153A/G and 1166A/C gene polymorphisms
and increase in aortic stiffness with age in hypertensive subjects.

J Hypertens 2001; 19:407-413.

Mulatero P, Williams TA, Milan A, Paglieri C, Rabbia F, Fallo F, Veglio F.
Blood pressure in patients with primary aldosteronism is influenced by
bradykinin B(2) receptor and alpha-adducin gene polymorphisms. J Clin
Endocrinol Metab 2002; 87:3337-3343.

Paillard F, Chansel D, Brand E, Benetos A, Thomas F, Czekalski S, et al.
Genotype—phenotype relationships for the renin—angiotensin—
aldosterone system in a normal population. Hypertension 1999; 34:423—
429.

Patel R, Lim DS, Reddy D, Nagueh SF, Lutucuta S, Sole MJ, et al. Variants
of trophic factors and expression of cardiac hypertrophy in patients with
hypertrophic cardiomyopathy. J Mol Cell Cardiol 2000; 32:2369-2377.
Rossi E, Regolisti G, Perazzoli F, Negro A, Davoli S, Nicoli D, et al. —344C/
T polymorphism of CYP11B2 gene in ltalian patients with idiopathic low
renin hypertension. Am J Hypertens 2001; 14:934-941.

Stella P, Bigatti G, Tizzoni L, Barlassina C, Lanzani C, Bianchi G, Cusi D.
Association between aldosterone synthase (CYP11B2) polymorphism and
left ventricular mass in human essential hypertension. J Am Coll Cardiol
2004; 43:265-270.

Safar ME, Cattan V, Lacolley P, Nzietchueng R, Labat C, Lajemi M, et al.
Aldosterone synthase gene polymorphism, stroke volume and age-related
changes in aortic pulse wave velocity in subjects with hypertension.

J Hypertens 2005; 23:1159-1166.

Patel S, Steeds R, Channer K, Samani NJ. Analysis of promoter region
polymorphism in the aldosterone synthase gene (CYP11B2) as arisk factor
for myocardial infarction. Am J Hypertens 2000; 13:134-139.

loannidis JP, Trikalinos TA, Ntzani EE, Contopoulos-loannidis DG. Genetic
associations in large versus small studies: an empirical assessment. Lancet
2003; 361:567-571.

Ye Z, Liu EH, Higgins JP, Keavney BD, Lowe GD, Collins R, Danesh J.
Seven haemostatic gene polymorphisms in coronary disease: meta-
analysis of 66,155 cases and 91,307 controls. Lancet 2006; 367:651—
658.

loannidis JP, Bernstein J, Boffetta P, Danesh J, Dolan S, Hartge P, et al. A
network of investigator networks in human genome epidemiology. Am J
Epidemiol 2005; 162:302-304.

Drayer JI, Weber MA, Laragh JH, Sealey JE. Renin subgroups in essential
hypertension. Clin Exp Hypertens A 1982; 4:1817-1834.

loannidis JP, Ntzani EE, Trikalinos TA. ‘Racial’ differences in genetic effects
for complex diseases. Nat Genet 2004; 36:1312-1318.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



	Association of the C-344T aldosterone synthase gene variant with essential hypertension: a meta-analysis
	Introduction
	Methods
	Data sources and study selection
	Data collection
	Statistical analysis

	Results
	Study characteristics
	Hypertension, systolic arterial blood pressure and diastolic arterial blood pressure
	Plasma aldosterone and plasma renin activity
	Overall study quality

	Discussion

	References

