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Aldosterone synthase (CYP11B2) C-344T
polymorphism affects the association of age-related
changes of the serum C-reactive protein

Kenji Oki1, Kiminori Yamane1, Kenichi Satoh2, Shuhei Nakanishi1, Hideya Yamamoto3 and Nobuoki Kohno1

Aldosterone participates in vascular and myocardial inflammation either directly or indirectly through blood pressure (BP).

Aldosterone synthase (CYP11B2) C-344T polymorphism may influence the severity of systemic inflammation. A total of 398

Japanese Americans (152 men and 246 women, age 19–92 years) from the Hawaii–Los Angeles–Hiroshima study were enrolled.

BP and serum levels of C-reactive protein (CRP) were measured, and the CYP11B2 C-344T polymorphism, rs1799998, was

determined. No influence of the polymorphism on baseline characteristics such as systolic, diastolic and mean BP, pulse

pressure or serum CRP levels was observed. In all genotypes, systolic BP showed a significantly positive correlation with age

(TT (n¼178): r¼0.283, Po0.001; TC (n¼164): r¼0.213, P¼0.006; and CC (n¼56): r¼0.289, P¼0.031). However, the

regression coefficients of systolic BP with age were not different across genotypes. According to the results of univariate and

multivariate analyses with adjustment for BP, the serum CRP level increased with age only in subjects with the CC genotype

(P¼0.027 and P¼0.004, respectively), and elevation of serum CRP was mainly observed in the elderly population (aged X60

years). Moreover, the regression coefficient of CRP levels with age was significantly steeper in subjects with the CC genotype

than in those with the TC or TT genotype (P¼0.028). The CC genotype of the CYP11B2 C-344T polymorphism was associated

with an age-dependent increase in the serum CRP level independent of BP, and may contribute to a cardiovascular phenotype

by promoting vascular inflammation.
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INTRODUCTION

Aldosterone is well known to have an important role in the progres-
sion of cardiovascular diseases, such as hypertension and congestive
heart failure.1,2 One of the polymorphisms of aldosterone synthase
(CYP11B2), rs1799998, which is located �344 bp upstream and
consistent with either Tor C, may influence the cardiovascular system
through the effects of aldosterone, because the C allele binds to the
steroidogenic factor-1 (SF-1) site five times stronger than does the
T allele.3

An overview of published studies suggests a higher frequency of
hypertension or increase in blood pressure (BP) in subjects with the
T allele or TT genotype as compared with that in subjects with the
C allele or CC genotype,4–10 although several studies have reported
the opposite association11,12 or the absence of any association.13–19

Thus, the associations remain controversial. Recently, two interesting
studies have suggested a key indicator that may resolve the associa-
tion.20,21 One is the observation of a significant increase in both
systolic and diastolic BP with age in subjects with the T allele.20 The

other is the observation, in the elderly population, of a significantly
higher systolic BP in subjects with the TT genotype.21 These results
suggest that the relationship between BP and the polymorphism may
be affected by age.
Recent in vivo and in vitro studies have indicated that aldosterone

not only mediates BP but also participates in vascular and myocardial
inflammation through the activation of Src and generation of reactive
oxygen species by NADPH oxidase, and is involved in the pathogenesis
of atherosclerosis.22–24 Serum C-reactive protein (CRP) levels can
reflect the severity of vascular or myocardial inflammation,25,26 and
some clinical studies have shown that elevated serum CRP levels in
healthy populations are predictive of vascular events, such as myo-
cardial infarction and stroke.27,28 Although the association of aldo-
sterone with inflammation has been established, there are no reports
on the relationship between the CYP11B2 C-344T polymorphism and
the serum levels of inflammatory markers such as CRP.
The aims of this study were to investigate (1) whether the

polymorphism of CYP11B2 C-344T might be related to BP or
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serum CRP levels and (2) whether this polymorphism might bear an
age-related interaction with BP and/or serum CRP levels in Japanese
Americans.
It was reported that the subjects of this Japanese-American popula-

tion-based study were at a higher risk of developing hypertension and
atherosclerotic diseases than were Japanese subjects living in Japan,
because of a westernized lifestyle.29 Therefore, we believed that this
population might be the most appropriate to resolve the association of
this polymorphism with the risk of development of hypertension and
atherosclerotic diseases, because any genetic susceptibility to environ-
mental factors would be more clearly expressed in this population as
compared with that in Japanese subjects living in Japan.

METHODS

Study population
The study subjects were Japanese Americans enrolled in a medical survey

conducted in 2004. The surveys have been described in detail elsewhere.29

Briefly, it is a long-term epidemiological study to detect the risk factors for

hypertension, diabetes and atherosclerotic diseases in this population. The

subjects were limited to those living in Los Angeles and genetically originating

from the Japanese. To avoid the influence of diabetes mellitus and the use of

antihypertensive drugs, subjects who were diabetic or receiving antihyper-

tensive medications were excluded from the investigation. Finally, 152 men and

246 women, ranging in age from 19 to 92 years (mean age¼59.5 years), were

analyzed in this study. We confirmed, by medical history taking, that none of

the subjects had any infectious symptoms, autoimmune diseases or other acute

medical conditions. BP was measured using a mercury sphygmomanometer

after the subjects had rested in the supine position for 5min. Pulse pressure

and mean BP levels were calculated as systolic BP�diastolic BP and diastolic

BP+1/3 pulse pressure, respectively. Dyslipidemia was diagnosed as high-

density lipoprotein cholesterol o40mg per 100ml, total cholesterol

X220mg per 100ml, triglyceride X150mg per 100ml or in patients receiving

antidyslipidemic treatment. Smoking status was assessed using standard

interviewing procedures. Written informed consent was obtained from all

subjects. This study was approved by the ethics committee of Hiroshima

University and the Council of the Hiroshima Kenjin-Kai Association in Hawaii

and Los Angeles.

Sample collection
After overnight fasting, venous blood samples were obtained in the morning.

Blood samples were centrifuged, and the obtained serum was immediately

frozen. Frozen samples were brought back to Japan and analyzed. Serum

CRP was determined by an enzymatic method using a latex-enhanced

immunonephelometric assay on a BNII analyzer (Dade Behring,

Tokyo, Japan).30

Genotyping
Genomic DNA was extracted from peripheral leukocytes and stored at �20 1C

until batch genotyping. Genotyping of the CYP11B2 C-344T polymorphism,

rs1799998, was performed as described previously.17 It was amplified using EX Taq

DNA polymerase (TaKaRa, Osaka, Japan) and the following primer set: forward

primer 5¢-CAT TTG TCA AAA CCC ACA GC-3¢ and reverse primer 5¢-TCA CGT

CAT GGG AGA ACT GG-3¢. The PCR conditions were as follows: initial

denaturation at 96 1C for 5min, followed by 35 cycles at 96 1C for 20 s, annealing

at 63 1C for 30 s, extension at 72 1C for 20 s and final extension at 72 1C for 5min.

Digestion with the restriction enzyme Hae III resulted in bands of 234bp in the

presence of the C allele and bands of 305bp in the presence of the T allele.

Statistical analysis
Quantitative data were expressed as means±s.d. During analysis, serum CRP

levels were log transformed and expressed as medians (interquartile range),

because they did not fit a normal distribution. We confirmed the normally

distributed CRP levels after logarithmic transformation. Qualitative variables

were expressed as percentages. Analyses were performed using SPSS for Windows

(release 12.0; SPSS, Chicago, IL, USA). P-valueso0.05 were considered to denote

significance. Seven subjects with CRP levels 410mg l�1 were excluded from the

analyses, because values in this range indicate the possibility of acute inflamma-

tory diseases. Allele and genotype frequencies were analyzed using the gene-

counting method, and the Hardy–Weinberg equilibrium, checked by the w2-test,
was considered to be maintained as described previously.13,17

First, statistical significance was determined by one-way ANOVA (analysis of

variance) or by the w2-test. In the case of statistically significant relations, the

Bonferroni analysis was applied to assess the relationship between categories.

Second, we performed Pearson’s correlation analysis of age with systolic BP,

diastolic BP, mean BP, pulse pressure and CRP in each genotype. Third,

multiple regression analyses were conducted to investigate the associations

between systolic BP, diastolic BP, mean BP and pulse pressure as dependent

variables and age as an independent variable, after adjustments for sex, smoking

status, body mass index and dyslipidemia in each genotype. Similarly, the

association of serum CRP with age was determined by multiple regression

analyses with adjustment for sex, smoking status, body mass index, dyslipide-

mia, fasting glucose and mean BP in each genotype. Fourth, we tested

regression coefficients with age among the CYP11B2 genotypes by using a test

of heterogeneity of slopes that represents a natural extension of the covariance

analysis. For statistically significant associations, the Bonferroni analysis was

applied to assess the relationships among categories. Finally, we investigated the

curves relating age to serum CRP for each genotype (y¼ax2+bx+c).

RESULTS

Subject characteristics
The clinical and biological characteristics of the subjects according to
the three CYP11B2 genotypes are shown in Table 1. The genotype

Table 1 Clinical and biological characteristics of the study population

TT (n¼178) TC (n¼164) CC (n¼56)

Sex (male/female) 76/102 58/106 18/38

Age (years) 59.2±15.4 59.2±12.8 61.4±13.5

BMI (kgm�2) 22.9±3.2 23.9±3.5* 23.5±3.5

Smoking (%) 71 (39.9%) 53 (32.3%) 16 (28.6%)

Systolic BP (mm Hg) 131.2±17.4 131.2±17.1 130.4±14.2

Diastolic BP (mmHg) 76.9±10.5 76.9±10.9 75.8±9.6

Mean BP (mm Hg) 95.0±11.8 95.0±11.9 94.0±9.1

Pulse pressure (mm Hg) 54.4±12.8 54.3±12.6 54.6±14.4

Fasting glucose (mg per 100 ml) 89.2±9.5 89.2±10.2 86.0±6.0

Dyslipidemia (%) 115 (64.6%) 118 (71.9%) 43 (76.8%)

CRP (mg l�1) 0.64 (0.30–1.37) 0.67 (0.36–1.35) 0.69 (0.33–2.11)

Abbreviations: ANOVA, analysis of variance; BMI, body mass index; BP, blood pressure; CRP, C-reactive protein.
Continuous variables are expressed as means±s.d. or medians (interquartile range). Qualitative variables are expressed as percentages. Statistical significance was determined by one-way ANOVA
or w2-test.
*P¼0.028 compared with TT.
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frequencies did not significantly deviate from the Hardy–Weinberg
expectation. There were no significant differences in gender distribu-
tion, age, smoking status, systolic BP, diastolic BP, mean BP, pulse
pressure, fasting glucose, prevalence of dyslipidemia or serum CRP
levels among the genotypes. The body mass index of subjects with the
TC genotype was significantly higher than that of those with the TT
genotype (P¼0.028).

Relationships between BP and age in each genotype
The associations between BP and age were investigated by Pearson’s
correlation analysis for each genotype (Table 2). In all genotypes,
systolic BP (TT: r¼0.283 and Po0.001; TC: r¼0.213 and P¼0.006;
and CC: r¼0.289 and P¼0.031) and pulse pressure (TT: r¼0.331 and
Po0.001; TC: r¼0.317 and Po0.001; and CC: r¼0.481 and Po0.001)
were significantly positively correlated with age, whereas a significant
negative correlation between diastolic BP and age was found only in
subjects with the CC genotype (r¼�0.293 and P¼0.028) (Table 2).
Moreover, a significant positive correlation between mean BP and age
was found only in subjects with the TT genotype (r¼0.179 and
P¼0.017) (Table 2). The results of multiple regression analysis revealed
that systolic BP was linked to age in subjects with the TT and TC
genotypes (TT: P¼0.001 and TC: P¼0.032), and that pulse pressure
was correlated with age in all genotypes (Table 3). Other correlations
between BP and age were no longer significant after adjustments for
the same variables (Table 3).

Interslope comparison of the age–BP relationship in each genotype
Although systolic BP was correlated with age in subjects with the TTor
TC genotype, the regression coefficients of systolic BP with age were
not significantly different among genotypes (Table 3). The regression
coefficients between diastolic BP and age tended to decrease from the

TT genotype to the CC genotype (Table 3). However, no significant
difference in the regression coefficients of age and diastolic BP was
observed among genotypes (Table 3). On the other hand, the regres-
sion coefficient of pulse pressure tended to be higher in subjects with
the CC genotype than in those with the TC or TT genotype (P¼0.078)
(Table 3).

Relationships between serum CRP and age in each genotype
A significant positive relationship between serum CRP and age was
observed in subjects with the CC genotype (r¼0.296 and P¼0.027),
but not in those with the TT or TC genotype (Table 2). The results of
the multiple regression analysis revealed a correlation between serum
CRP and age independent of the other variables only in subjects with
the CC genotype (P¼0.004) (Table 3). Furthermore, Figure 1 shows
the curvilinear relationship between serum CRP and age in each
genotype, and the differences were observed mainly in older subjects
(X60 years).

Interslope comparison of the age–serum CRP relationship in each
genotype
The correlation coefficient of serum CRP with age increased from the
TT genotype to the CC genotype (Table 2); the correlation was

Table 2 Relationship of the clinical and biological characteristics

with age in each genotype

TT TC CC

r P-value r P-value r P-value

Systolic BP (mm Hg) 0.283 o0.001 0.213 0.006 0.289 0.031

Diastolic BP (mm Hg) 0.066 0.384 �0.033 0.678 �0.293 0.028

Mean BP (mm Hg) 0.179 0.017 0.082 0.300 �0.057 0.678

Pulse pressure (mm Hg) 0.331 o0.001 0.317 o0.001 0.481 o0.001

CRP (mg l�1) 0.051 0.502 0.077 0.324 0.296 0.027

Abbreviations: BP, blood pressure; CRP, C-reactive protein.
Values for CRP are converted to logarithms, because they did not fit a normal distribution.
Results of Pearson’s correlation analysis without any adjustment were indicated.

Table 3 Multiple regression analysis of regression coefficient with age among genotype and interslope comparison

TT TC CC
Interslope comparison

b P-value b P-value b P-value P-value

Systolic BP (mm Hg) 0.256 0.001 0.218 0.032 0.288 0.074 NS

Diastolic BP (mm Hg) 0.026 0.614 �0.074 0.253 �0.168 0.099 NS

Mean BP (mm Hg) 0.102 0.064 0.024 0.735 �0.016 0.884 NS

Pulse pressure (mm Hg) 0.236 o0.001 0.281 o0.001 0.482 o0.001 NS

CRP (mg l�1) 0.001 0.631 0.001 0.632 0.013 0.004 0.028

Abbreviations: BMI, body mass index; BP, blood pressure; CRP, C-reactive protein; NS, not significant.
Multiple regression analyses were performed to investigate the associations of systolic BP, diastolic BP, mean BP and pulse pressure with age, after adjusting for sex, smoking, BMI, dyslipidemia
and fasting glucose. The association of CRP with age was adjusted for sex, smoking, BMI, dyslipidemia, fasting glucose and mean BP.

Figure 1 Association of the serum level of C-reactive protein (CRP) with age

using a quadratic model for simple regression in subjects with the TT (�),

TC (D) and CC genotypes (J). Log-transformed values of serum CRP were
used for the analyses.
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retained even after adjustment for the other variables (Table 3). After
adjustments for the indicated variables, a significantly higher regres-
sion coefficient between age and serum CRP was found in subjects
with the CC genotype compared with that in subjects with the TT or
TC genotype (P¼0.028) (Table 3).

DISCUSSION

We clarified that serum CRP level, a marker of systemic inflammation,
increased with age only in the Japanese-American population with the
CC genotype, but not in those with the TT or TC genotype. In
contrast, the influence of age on BP did not differ significantly among
genotypes. Thus, our study showed that elderly subjects with the CC
genotype showed an elevation of serum CRP levels independent of BP.
Our results in which aldosterone synthase (CYP11B2) polymorph-

ism directly influenced the serum level of the inflammation marker
might be consistent with previous studies. Recent basic studies have
reported that aldosterone promoted the inflammatory state through
Src and p38 mitogen-activated protein kinases and NADPH oxidase
activation in vascular smooth muscle cells.23,24 Furthermore, Suzuki
et al.31 showed that although mineralocorticoid receptor blockade did
not affect BP in male apolipoprotein E-deficient mice, it decreased the
inflammatory response. Together with our study and those reports,
the CYP11B2 C-344T polymorphism, as well as aldosterone itself, may
possibly have direct effects on the systemic inflammatory state.
Both in vitro and in vivo studies have shown that aldosterone has an

important pathophysiological role in atherosclerotic or cardiac dis-
eases by promoting inflammatory changes.24 Progression of athero-
sclerosis leads to an increase in pulse pressure, thereby reducing the
compliance of large blood vessels.32,33 As the regression coefficient of
pulse pressure with age was approximately twofold higher in subjects
with the CC genotype than in those with the TT or TC genotype in
our study (Table 3), we considered that elderly subjects with the CC
genotype tended to have high pulse pressure. In addition, two
previous studies reported that the increase in PWV with increasing
age independently of BP is most prominent in subjects with the CC
genotype,34 and that the CC genotype might be an independent risk
factor for the development of sodium-sensitive cardiac hypertrophy.17

Taken together, it is suggested that subjects with the CC genotype
might have an amplification mechanism promoting the atherosclero-
tic process through inflammation, independently of BP.
We should consider the mechanism of the high risk for athero-

sclerosis in subjects with the CC genotype. It is reported that the
polymorphism did not influence CYP11B2 expression through SF-1
regulation, although the C allele of CYP11B2 binds to SF-1, which
suppresses CYP11B2 reporter activity, five times stronger than the
T allele.3 On the other hand, there is positive association between left
ventricular mass and sodium intake in subjects with the CC geno-
type.17 Accordingly, it is speculated that strong binding between the
CYP11B2 promoter and SF-1 may inhibit prompt suppression of
CYP11B2 by sodium loading in the CC genotype, resulting in an
inappropriately higher level of aldosterone and sodium. It is reported
that this population, as well as native Japanese, consumed a relatively
high level of dietary salt,29,35 and thus high sodium intake might
induce or exacerbate vascular inflammation through inappropriate
suppression of aldosterone only in Japanese Americans with the CC
genotype.
This study showed that BP did not differ among the genotypes. In

keeping with the results of earlier studies, the associations of the
CYP11B2 C-344T polymorphism with BP remain inconclusive.4–19 In
addition, our results were not consistent with previous reports
indicating that BP elevation was sensitive in elderly subjects with the

TT genotype.20,21 Furthermore, we suggested that the association of
the CC genotype with CRP was consistent with previous reports
describing the association of the genotype with cardiac structures and
atherosclerosis as discussed above,17,34 whereas some apparent contra-
dictory associations between the genotype and atherosclerosis, includ-
ing cardiac structure and coronary artery diseases, have been shown in
previous studies.36,37 As the associations of the genotype with BP and
atherosclerosis are still uncertain, these differences could be explained
in part by the allelic distribution or sodium intake related to ethnicity,
elimination of subjects under antihypertensive drug treatment or
insufficient sample size. Taken together, further clinical and basic
investigations are required to clarify the relationship between the
polymorphism and atherosclerosis.
Our study showed an age-dependent elevation of serum CRP

independently of BP in subjects with the CC genotype as compared
with those with the TT or TC genotype of the CYP11B2 C-344T
polymorphism, and that this genotype may contribute to the cardio-
vascular phenotype by promoting vascular inflammation. Therefore,
we suggest that it is important to consider the usefulness of aldoster-
one receptor blockade to avoid the development or progression of
atherosclerotic diseases induced by aldosterone in subjects identified
to have the CC genotype.
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