Risk Factars for Cardiovascular Disease

the National Cardiovascular Center in Osaka and treated by
implementation of standard lifestyle and pharmacological
measures. CVD events of interest in this study were acute
myocardial infarction, stroke, aortic dissection, CHF requiring
hospitalization, and cardiovascular death. The occurrence of
myocardial infarction was confirmed if symptoms met the cri-
teria of the World Health Organization and if the event was
associated with abnormal levels of cardiac enzymes and diag-
nostic electrocardiographic criteria. Stroke was confirmed if
the participant had a new neurologic deficit that persisted for
>24h. Computed tomographic scans or magnetic resonance
images were available for all the events and were used to dis-
tinguish hemorrhagic from ischemic events. Aortic dissection
was defined as any nontraumatic dissection when a partici-
pant was admitted to hospital with a dissection that required
intervention, and diagnosis was based on confirmatory imag-
ing, intraoperative visualization, or autopsy. CHF was defined
by the Framingham Heart Study criteria,3? which require the
simultaneous presence of at least two major criteria, or one
major criterion in conjunction with two minor criteria, and
requiring treatment with a diuretic, vasodilator, or antihy-
pertensive drug. The cause of death was classified as CVD
if there was sudden death from CVD. All CVD events were
determined by an independent review panel of physicians who
were unaware of the echocardiographic and clinical findings.
Events that were more equivocal, such as unrecognized myo-
cardial infarction, were not included as CVD for this analysis.
Furthermore, patients with clinical evidence of pneumonia or
uremia were excluded. For patients who experienced multiple
nonfatal episodes of CVD, the analysis included only the first
event.

Statistical analysis. Statistical analyses were performed with
SPSS, version 15.0 (SPSS, Chicago, IL). Data are presented as
mean * s.d. for continuous variables and as proportions for
categorical variables. First, we divided the participants into
four groups according to the presence/absence of MetS and/
or CKD. Differences in baseline characteristics among the
four groups were determined by one-way analysis of vari-
ance (ANOVA) with Dunnett’s multiple comparison post-test
for continuous variables, and x? test for categorical variables.
Because of the right skew in CRP distribution, levels of CRP
were log-transformed to examine the significance of any dif-
ference between groups. The number of subjects in whom CRP
was measured was small (n = 997) compared with the total
number of study subjects. Therefore, CRP was not included in
the following analysis.

We used logistic regression analysis to determine the odds
ratio (OR) of LVH as a function of MetS or CKD. In multi-
variate models, we entered both MetS and CKD into the same
model, and included variables that might confound the rela-
tion between LVH and MetS or CKD: age, sex, duration of
hypertension, systolic BP, smoking status, previous CVD, and
receiving antihypertensive medication. We next divided the
subjects into four groups according to the presence/absence of
MetS and/or CKD, and the relative ORs of LVH were assessed
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in crude, age- and sex-adjusted, and multivariate regression
models (adjusting for the same variables as listed above).
Relative ORs were calculated using the MetS™/CKD~ group as
areference for each.

Survival analysis was performed using cumulative event-
free Kaplan-Meier curves according to the presence/absence
of MetS or CKD, and the groups were compared by Mantel
log-rank test. Cox proportional hazard analysis was used to
examine the association between variables and the cumula-
tive incidence of CVD in crude and multivariate models. In
multivariate models, both MetS and CKD were entered into
the same model after accounting for relevant variables, using
a P value of <0.05 as the selection criterion. These effects were
measured by the hazard ratio (HR) and 95% confidence inter-
val (CI) based on Cox regression models. '

We then evaluated the joint associations of MetS and CKD
with incident CVD by dividing the subjects into four groups
according to the presence/absence of MetS and/or CKD.
Event-free survival analysis was performed using the Kaplan-
Meier method to plot the cumulative incidence of CVD.
The relative risk of CVD events in Cox proportional hazard
analysis was assessed in crude and multivariate models, and
the cumulative incidence of CVD was calculated using the
MetS™/CKD™ group as a reference for each. In these analyses,
HRs of CVD were calculated using the whole participants or
excluding subjects with previous CVD and/or diabetes from
the analysis. A P value <0.05 was considered to be statistically
significant.

RESULTS

Characteristics of study subjects

The baseline clinical and biochemical characteristics of the
study subjects are shown in Table 1. Their mean age was 63.3 +
11.2 years, and 53.0% were men. Overall, 42.4% had MetS, and
50.6% had CKD. We first divided the subjects into four groups
according to the presence/absence of MetS and/or CKD. As
a result, the total subjects were divided into four groups as
follows; no MetS and no CKD (MetS™/CKD™), MetS without
CKD (MetS*/CKD™), CKD without MetS (MetS~/CKD*), and
MetS and CKD (MetS*/CKD*). As shown in Table 1, com-
pared with the MetS™/CKD™ group, the MetS*/CKD* group
showed an increased risk of cardiovascular morbidity, such as
significantly longer duration of hypertension, higher preva-
lence of previous CVD, diabetes, and current-smoking, higher
age, BMI, systolic BP, fasting glucose, and CRP, worse dyslipi-
demia, and lower eGFR. In addition, the MetS*/CKD™* group
showed a significantly longer duration of hypertension, lower
eGFR, and higher CRP than the MetS*/CKD~ group, and a
significantly higher prevalence of diabetes, higher BMI, fast-
ing glucose, and CRP, and worse dyslipidemia than the MetS™/
CKD™ group.

Relations of MetS and CKD to LVH

The baseline echocardiographic characteristics of the study
subjects are shown in Table 2. At baseline, 58.3% of the
total subjects were found to have LVH. Univariate logistic
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Table 1| Baseline clinical characteristics of study subjects

Risk Factors for Cardiovascular Disease

Variables Total MetS~/CKD~ MetS*/CKD~ MetS~/CKD* MetS*/CKD*

n 1,160 344 243 324 249

Age, years 63.3+11.2 61.4+114% 60.4+10.3* 66.5 +10.9%*" 64.6+10.7*%F
Male, % 53.0 46.51 59.3%* 503 59.4%*
Duration of 16.2+10.9 143+103% 15.8+10.8 16.4+11.1% 18.8+ 11.1%% 1t
hypertension, years

Previous CVD, % 25.5 15.7% 22.6' 31.8%xekx 33,74k
Diabetes, % 25.0 6.41 38.3%x* 12.0t 54.6%*
Smoking status, % 50.9/28.6/20.4 62.57/21.27%/1631  39.9*%%/31.3%/28.8*** 53.9%/28.8/17.3 42.2/35.7%%/22.1
(never/past/current)

BMI, kg/m? 242+3.4 234427t 26.8+3.2%** 223+ 2.7%%t 254+ 32%%F
Systolic BP, mmHg 1452+15.6 1458+ 146" 140,91+ 13.4%%+ 148.0+17.8" 147.8+17.%
Diastolic BF, mmHg 8161106 83.61 10.9%**1F 81.4+9.4% 80.9+10.7** 80.3410.9**
Pulse rate, bpm 66.6+8.2 67.1+8.5 66.2+7.8 66.4+8.4 66.4+7.8
Triglycerides, mg/dl 138+90 105 +48" 1784 124%** 105 +44% 187+ 103***
HDL-cholesterol, mg/d| 49.88+15.08 57.62+ 143111t 42,15+10,05*%* 54.91+15.08%" 39.83+11.60*%*
Fasting glucose, mg/dl 102424 97 + 15t 113 £30%# 94+19* 108 + 27%*xwxt
eGFR, ml/min/1.73 m? 64.4+313 82.0+18.1%¥x# 87.1+22.8%* 443 +25.4*%1 44.0+30.2%F

CRP (mg/l), median (IQR),
n=997

0.70(0.30-1.80)

0.50(0.30-1.00)#

1.00(0.31-2.00)**

0.70 (0.28-1.70)**

1.20 (0.30-2.50)****x Tt

MetS components, %
Obesity 36.1 19.2 724%%# 12.0* 55441
Elevated triglycerides 319 9.0* 58.9%%# 10.5% 65.1%%%
Low HDL-cholesterol 40.1 12.2F 67.9%%% 19.41 78.3xxxxkE
Impaired fasting 314 11.9" 50.2%%* 15.1% 61.0%01#
glucose
CKD stages
High blood pressure 153 26.2* 35.8* o#xt oxxt
High blood pressure 353 73.8* 64.2* orxt oxxt
with reduced GFR
Stages 1and 2 9.5 o* ot 17.0%%1 22,1t
Stage 3 234 o* o* 52.5%%1 40.6%%1*
Stages4and 5 16.6 0* 0¥ 30.5%%1 37.3%uhtt
Antihypertensive medication, %
Calcium-channel 68.2 54.1%% 68.3%* 71.0%* 83.9%xt#
blockers
[3-Blockers 30.1 244 321 315 34.1*
ACE inhibitors or ARB 35.1 30.8 325 343 44 px*xextt
Diuretics 18.1 10.2¢ 10.3* 25.3*xt 27.3%%t
No. of CVD events 172 2]t 33* 53%* 65*xtE

Values are mean £ s.d. or frequency (%). IQR is 25th to 75th percentile.

ACE, angiotensin-converting enzyme; ARB, angiotensin Il receptor blocker; BMI, body mass index; BF, blood pressure; CKD, chronic kidney disease; CRP, C-reactive protein;
CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HDL-cholesterol, high-density lipoprotein cholesterol; MetS, metabolic syndrome.

*P < 0.05and **P < 0.01 vs. MetS~/CKD™. ***P < 0,05 and 'P < 0.01 vs. MetS~/CKD™.''P < 0.05 and TP < 0.01 vs. MetS~/CKD™.

each an independent risk for LVH (MetS: adjusted-OR 1.58,
95% CI 1.22-2.05; CKD: adjusted-OR 1.52, 95% CI 1.18-1.96,
P <0.01, respectively).

We then divided the total subjects into four groups,
and found that echocardiographic characteristics also
differed between the groups, with the MetS*/CKD* group

regression analysis found that the presence of MetS as well
as CKD was each associated with an increased risk of LVH
(MetS: OR 1.54, 95% CI 1.21-1.95; CKD: OR 1.83, 95% CI
1.44-2.31, P < 0.01, respectively). When MetS and CKD were
entered into the same model, the results of multivariate logis-
tic regression analysis showed that MetS as well as CKD was
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Table 2| Echocardiographic characteristics of study subjects according to presence/absence of MetS and/or CKD

Variables Total MetS~/CKD~
% Fractional shortening, % 41.2+6.9 41.8+6.7
LV mass index, g/m?
Male 138.4+38.1 122.1 £26.0%*+%
Female 120.8+33.2 111.8 +£24.5%»1t
LV hypertrophy, % 583 46244
Relative wall thickness 0.48+0.09 0.46+0.08*
LV geometric patterns, %
Normal geometry 214 30271
Concentric remodeling 204 236
Eccentric hypertrophy 17.9 157
Concentric hypertrophy 403 305t
E/Aratio 0.85+0.25 0.91+0.28*
DcT, ms 229.7+51.8 221.7 469

Values are mean = s.d. or frequency (in %).

MetS*/CKD™ MetS~/CKD* MetS+/CKD*
41.6%7.0 40.8+6.8 40.3+7.2%
131.5+29.4%% 148.4 +43 4%%1 150.2 + 40.6**1
121.0+27.6% 120.0+33.9* 137.8£42 5% 14

57.5% 61.0%* 71.5%x 1t
0.48+0.08 0.48+0.09** 0.5040.09**

17.9%% 21.0% 13.6**

246 180 14.9%xxx

19.2 195 18.5

383 41.5% 53.0%xhtt
0.87+0.24 0.84+0.24** 0.80+0.24*%1
2253+47.8 230.3+50.8 2444+ 62 0¥+ 11t

CKD, chronic kidney disease; DcT, deceleration time of early diastolic LVfilling; E/A, ratic of peak early-to-late diastolic filling velocity; LV, left ventricular; MetS, metabolic syndrome.
*P <005 and **P < 001 vs. MetS~/CKD™, ***P < 0.05 and ! P < 0.01 vs. MetS*/CKD~, and P < 0.05 and TP < 0.01 vs. MetS—/CKD*.

Table 3| Results of crude and multivariate logistic regression analysis relating MetS and CKD to LVH

MetS~/CKD™
Crude 1 (reference)
Age- and sex-adjusted 1 (reference)
Multivariate-adjusted® 1 (reference)

Values are odds ratio (95% Cl).
CKD, chronic kidney disease; LVH, left ventricular hypertrophy; MetS, metabolic syndrome.

MetS*/CKD~
1.55(1.11-2.17)**
1.59(1.14-2.22)**
1.58 (1.11-2.24)*

MetS~/CKD*
1.81(1.33-2.47)**
1.69 (1.24-2.32)**
1.51(1.09-2.10)*

MetS*/CKD*
291 (2.05-4.12)**
2.80(1.97-3.99)**
240 (1.66-3.48)**

2Adjusted for age, sex, duration of hypertension, systolic BP, smoking status, previous CVD, and receiving antihypertensive medication.

*P < 0.05and**P <001 vs. MetS~/CKD™.

demonstrating significantly lower % fractional shortening
and E/A, higher LVMI and RWT, lower prevalence of normal
geometry, higher prevalence of concentric remodeling and
concentric hypertrophy, and longer deceleration time of early
diastolic LV filling than the MetS™/CKD~ group (Table 2). In
addition, the MetS*/CKD™* group showed significantly longer
deceleration time of early diastolic LV filling than the MetS*/
CKD™ group as well as the MetS™/CKD™ group. The preva-
lence of LVH also significantly differed among groups, with
the highest prevalence of LVH in the MetS*/CKD* group.
As shown in Table 3, concomitance of MetS and CKD was
significantly associated with increased odds ratios of LVH.
Multivariate analysis showed that the odds ratio of LVH was
2.4-fold higher in the MetS*/CKD™" group compared with the
MetS™/CKD™ group.

Predictive value of MetS and CKD for CVD

During a mean (+s.d.) follow-up of 4.8 + 2.7 years, 172 patients
(14.8%, 70 female) developed CVD. Specifically, there were 38
patients with nonfatal CHE 65 with cerebral infarction, 14
with intracerebral hemorrhage, 3 with subarachnoid hemor-
rhage, 18 with myocardial infarction, 6 with aortic dissection,
and 28 patients died from CVD causes.
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MetS and CKD were both associated with incident CVD
events, with significance in log-rank tests of P < 0.001. A
univariate Cox proportional hazard model showed that
both MetS (HR 1.83, 95% CI 1.35-2.48, P < 0.01) and CKD
(HR 2.71, 95% CI 1.96-3.74, P < 0.01) were each significant
predictors of CVD events. Other variables in this study that sig-
nificantly predicted CVD events included age, sex, duration of
hypertension, previous CVD, smoking habit, systolic BP, LVMI
(Table 4), antihypertensive medication (HR 1.81 for yes, 95%
CI'1.07-3.07, P < 0.01), and LV geometry (concentric remod-
eling: HR 1.74, 95% CI 1.04-2.91, P < 0.05; eccentric hypertro-
phy: HR 1.22, 95% CI 0.69-2.14, NS; concentric hypertrophy:
HR 2.19, 95% CI 1.39-3.43, P < 0.01). When MetS and CKD
were entered into the same model, the results of multivariate
Cox regression analysis including age, sex, duration of hyper-
tension, previous CVD, smoking habit, systolic BP, LVMI,
and antihypertensive medications found that the presence of
MetS (HR 1.90, 95% CI 1.38-2.63, P < 0.01) as well as CKD
(HR 1.82, 95% CI 1.29-2.59, P < 0.01) was each an independ-
ent predictor of CVD events. Furthermore, adjustment for LV
geometry instead of LVMI did not meaningfully influence the
results (MetS: HR 1.82, 95% CI 1.32-2.50; CKD: HR 2.02, 95%
CI'1.43-2.84, P < 0.01, respectively).
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Table 4| Crude and multivariate-adjusted HRs of CVD events associated with MetS and CKD
Subjects without previous CVD and/or diabetes (n =745)

Total subjects

Risk Factors for Cardiovascular Disease

Multivariate Multivariate
Crude adjusted?® Plus LVMI Crude adjusted® Plus LVMI
Variables, unit of HR HR HR HR HR HR
increase (95% Cl) P (95% Cl) P (95% Cl) P (95%Cl) P (95%Cl) P (95%Cl) P
MetS and CKD
MetS~/CKD™ 1 1 1 1 1 1
(reference) (reference) (reference) (reference) (reference) (reference)
MetS*/CKD™ 231 0.003 2.09 0.010 203 0.013 2.64 0.007 2.74 0.006 2.65 0.008
(1.34-4.00) (1.19-3.66) (1.16-3.57) (1.30-5.35) (1.34-5.62) (1.29-5.44)
MetS~/CKD* 332 <0.001 221 0.003 2.08 0.006 322 <0.001 240 0.009 2.31 0.013
(2.00-5.50) (1.31-3.71) (1.23-3.51) (1.69-6.15) (1.23-4.62) (1.19-4.46)
MetSt/CKD* 5.21 <0.001 3.85 <0.001 3.58 <0.001 525 <0.001 442 <0.001 4.16 <0.001
(3.19-8.53) (2.33-6.37) (2.16-5.95) (2.77-9.94) (2.32-8.42) (2.16-8.02)
Age, 1year 1.07 <0.001 1.06 <0.001 1.06 <0.001 1.08 <0.001 1.07 <0.001 1.07 <0.001
(1.05-1.09) (1.04-1.08) (1.04-1.08) (1.05-1.11) (1.05-1.10) (1.05-1.10)
Sex, male 1.71 0.001 1.28 0.25 1.19 043 1.13 0.57
(1.26-2.33) (0.84-1.95) (0.78-1.81) (0.74-1.72)
Duration of 1.02 0.001 1.01 0.45 1.00 0.56 1.02 0.08
hypertension, (1.01-1.04) (0.99-1.02) (0.99-1.02) (1.00-1.04)
1year
Previous CVD, 243 <0.001 1.69 0.010 1.67 0.002
yes (1.79-3.29) (1.23-2.33) (1.21-2.29)
Smoking status
Never 1 1 1 1 1 1
(reference) (reference) (reference) (reference) (reference) (reference)
Past 1.76 0.001 1.27 0.29 1.27 0.28 1.34 0.25 1.20 0.47 1.18 0.53
(1.25-2.49) (0.82-1.96) (0.82-1.95) (0.81-2.21) (0.73-1.99) (0.71-1.95)
Current 1.81 0.002 1.69 0.029 1.58 0.06 1.69 0.049 1.63 0.08 1.53 0.13
(1.23-2.66) (1.06-2.71) (0.99-2.52) (1.00-2.86) (0.95-2.78) (0.89-2.65)
Systolic BP, 1.14 0.003 1.10 0.041 1.07 0.18 1.16 0.018 112 0.05 1.10 0.12
10mmHg (1.05-1.25) (1.00-1.21) (0.97-1.17) (1.03-1.30) (1.00-1.26) (0.98-1.25)
Pulse rate, 113 0.17 1.16 0.23
10bpm (0.94-1.28) (0.89-1.36)
LVMI, 109/ m? 1.09 <0.001 1.05 0.024 1.08 0.001 1.06 0.045
(1.05-1.12) (1.01-1.09) (1.03-1.13) (1.00-1.12)

Values are hazard ratio (95% Cl).
*Adjusted for age, sex, duration of hypertension, previous CVD, smoking status, and systolic BP. bAdjusted for age, smoking status, and systolic BP.
3P, blood pressure; Cl, confidence interval; CKD, chronic kidney disease; CVD, cardiovascular disease; HR, hazard ratio; LVMI, left ventricular mass index; MetS, metabolic syndrome.

Joint effect of MetS and CKD on CVD

To explore the combined effects of MetS and CKD, we divided
the total subjects into four groups on the basis of the presence
or absence of MetS and/or the presence or absence of CKD at
baseline. Life table analyses of CVD throughout the follow-up
period in the four groups are plotted in Figure 1. These curves
show significantly poorer survival in the MetS*/CKD™ group.
Table 4 shows the results from a series of crude and multivari-
ate regression analysis, showing how the association of MetS
and CKD with CVD risk changed as groups of CVD risk fac-
tors were added to the regression model. In the crude model,
the risk for CVD was significantly higher in the MetS*/CKD*
group compared with the MetS™/CKD~ group (HR 5.21). The
relative risk in the MetS*/CKD* group remained highly signif-
icant in the multivariate model (HR 3.85). The further addition

of LVMI to the model reduced the relative risk in the MetS*/
CKD™ group to 3.58. Furthermore, when compared with the
MetS*/CKD~ group or with the MetS™/CKD* group, the risk
of CVD events was significantly higher in the MetS*/CKD™*
group in univariate Cox regression analysis (vs. MetS*/CKD~
group: HR 2.26, 95% CI 1.48-3.43, P < 0.01; vs. MetS™/CKD™"
group: HR 1.57, 95% CI 1.09-2.26, P = 0.01) and in multivari-
ate Cox regression analysis including LVMI (vs. MetS*/CKD™
group: HR 1.97, 95% CI 1.29-3.02; vs. MetS™/CKD* group:
HR 1.72,95% CI 1.18-2.51, P < 0.01 respectively).

We performed several additional analyses to address the
robustness of these findings. Because patients with previous
CVD and/or diabetes were more frequent in the MetS*/CKD*
group, we repeated our analysis for the 745 patients without
previous CVD and/or diabetes. In this analysis, 87 CVD events
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Figure 1| Kaplan-Meier plots showing cumulative CVD event-free survival in
subjects in four groups divided by presence or absence of MetS and presence
or absence of CKD (log-rank y2 = 54.55; P < 0.001). CKD, chronic kidney
disease; CVD, cardiovascular disease; MetS, metabolic syndrome.

(11.7%, 47 female) occurred during the follow-up period. As
shown in Figure 2 and Table 4, the independent predictive
value of MetS*/CKD* for CVD events was also confirmed by
the Kaplan-Meier method and by multivariate Cox regression
analysis including LVMI. Furthermore, even when compared
with the MetS*/CKD™ group or with the MetS™/CKD™ group,
the risk of CVD events was significantly higher in the MetS*/
CKD™ group in the multivariate model including LVMI (vs.
MetS*/CKD™ group: HR 1.57, 95% CI 1.01-3.43, P < 0.05; vs.
MetS~/CKD* group: HR 1.81, 95% CI 1.06-3.08, P = 0.03).

DISCUSSION

This study identified a significant positive relationship between
the combination of MetS and CKD and risk for LVH. This
relationship was independent of age, sex, and other potential
risk factors for LVH, such as smoking. We also examined the
associations of the presence of MetS and CKD, alone and in
combination, with incident CVD over a follow-up period, and
found that the presence of MetS as well as CKD was each associ-
ated with CVD, with a joint effect that was greater than the indi-
vidual effect of either disease separately. Despite previous studies
suggesting a link between these two diseases,”"!! these two risk
factors interact to substantially increase the risk of CVD.

Our findings confirm previous investigations by document-
ing that the prevalence of LVH is higher in subjects with MetS or
CKD than in those without these diseases.!®-20 Little informa-
tion is available on the association of the combination of MetS
and CKD with LVH, especially in essential hypertensives. In
our study, LVH and altered LV patterns were more frequent in
the MetS*/CKD* group than in the MetS™/CKD™ group. Even
after adjustment for confounding factors, MetS*/CKD* was
associated with a 2.4-fold higher risk of LVH than was MetS™/
CKD". The mechanism by which the concomitance of Met§
and CKD is a strong risk for LVH remains hypothetical, but is
likely multifactorial. Hypertension is the fundamental trigger

AMERICAN JOURNAL OF HYPERTENSION

ORIGINAL CONTRIBUTIONS

MetS/CKD™
seeeeneenees MEtS'/CKD™
= = = -MetS/CKD"
— - — MetS'/CKD"

0.8~

Cumulative event-free survival rate

04 |-

! 1 | ! I
0 2 4 6 8
Time, years

Figure 2 | Kaplan-Meier plots for CVD event-free survival in subgroup
without previous CVD and or diabetes (n = 745) (log-rank x*> = 30.67; P <
0.001). CKD, chronic kidney disease; CVD, cardiovascular disease; MetS,
metabolic syndrome.

of the sequence of biologic events that lead to the development
of LVH. In addition, demographic characteristics (i.e., age and
gender), volume overload, inotropy, obesity, and arterial com-
pliance also are important determinants of the development
and degree of LVH. In MetS, among the main nonhemody-
namic factors that may contribute to the development of LVH,
the most likely candidates are insulin resistance, activated sym-
pathetic nervous system, increased arterial stiffness,'®* and
inflammation.?® In CKD, increased activity of the renin-angi-
otensin-aldosterone system and sympathetic nervous system,
hypervolemia, hyperparathyroidism, abnormalities of calcium-
phosphate homeostasis, and anemia may all contribute to the
increase in LV mass.>¢-*” Consequently, hemodynamic changes,
such as increased peripheral resistance and hypervolemia, and
nonhemodynamic factors including metabolic and hormonal
factors have been proposed as possible factors contributing to
LVH in subjects with MetS*/CKD™. Conversely, because the
balance between the two fundamental hemodynamic stimuli
(pressure and volume) also determines the predominant type
of LV geometry, our result that a high prevalence of concentric
hypertrophy was found in the MetS*/CKD* group suggests the
presence of increased total peripheral resistance®® and activation
of the renin-angiotensin-aldosterone system®” in this group.
Our results were partially in accordance with the previous
report that MetS is associated with subsequent CVD, independ-
ent of traditional CVD risk factors including LVH defined by
electrocardiogram and serum creatinine.*’ We also found that,
in essential hypertensives, the presence of MetS as well as CKD
was each an independent predictor of CVD, and the combina-
tion of MetS and CKD was a strong and significant predictor of
CVD. Moreover, the increased risk for CVD was evident even
after excluding subjects with previous CVD and/or diabetes.
Our results suggest that these diseases jointly contribute to the
development of CVD, and the adverse prognostic effect of the
combination of MetS and CKD was independent of traditional
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CVD risk factors including LVMI. Hypertension is a potential
cause and consequence of CVD, and thus, our results indicate
the need for metabolic screening as well as the assessment of
renal function in hypertensive patients. Several LVH-related
factors may also ultimately contribute to the development of
CVD, and a number of underlying biochemical derangements
may exist in hypertensive patients with MetS and CKD.

One notable result of this study is that, in the case of con-
comitant MetS and CKD, the risk of CVD became higher than
that in the presence of MetS or CKD alone. Apart from renal
and metabolic profiles, there are other possible mechanisms by
which the risk for CVD became higher with concomitant MetS
and CKD. Inflammation and oxidative stress have been impli-
cated in the pathogenesis of CVD. Even though preliminary
data, our results showed a significantly higher CRP level in the
MetS*/CKD™ group than in the MetS*/CKD™ group as well as
in the MetS™/CKD™ group. In addition, more severe impair-
ment of LV relaxation was observed in the MetS*/CKD* group,
and this impaired relaxation is known to be associated with
increased risk of CVD.?”4! Consequently, we propose that, in
the case of concomitant MetS and CKD, further activation of
inflammation and the renin-angiotensin system,?® increased
total peripheral resistance,*® and impaired relaxation may be
caused, and thus enhance the risk of CVD.

Our study has several limitations. First, we used eGFR
rather than directly measured GFR to define CKD. Although
serum creatinine has been widely used in clinical practice for
evaluating renal function, misclassification of individuals with
borderline CKD also may have resulted in biased estimates.
Second, the study subjects were a hospital-based rather than
population-based cohort. Third, only baseline measurements
of risk factors such as eGFR, lipids, and drug use were available
for the present analysis. The metabolic profile may deteriorate
over time, and, as a result, drug use may increase substantially
during the follow-up period. Fourth, because waist circum-
ference was not available in this study, we used BMI to estab-
lish the diagnosis of obesity, with adjustment for the Japanese
population, as a component of MetS. However, a recent meta-
analysis reported no difference in outcomes irrespective of
whether waist circumference or BMI was used in the criteria
for MetS to predict CVD events.*?

We found that the combination of MetS and CKD represents
a strong risk for LVH in essential hypertension. In addition,
both MetS and CKD predict CVD, with their combination fur-
ther increasing the risk, independent of baseline confounding
factors including LVMI. From a practical standpoint, physi-
cians should be aware that hypertensive patients with concom-
itant MetS and CKD are at increased risk for the development
of CVD. In hypertension, assessment of MetS as well as CKD
has appeal for improving the risk stratification for CVD in
daily practice. A large prospective population-based study will
be important to confirm our preliminary observations, and
future studies should investigate whether aggressive pharma-
cological and lifestyle interventions in hypertensive patients
with concomitant MetS and CKD can reduce their substantial
CVD risk.
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Physio-pathological effects of alcohol on the
cardiovascular system: its role in hypertension

and cardiovascular disease

Yuhei Kawano

Alcohol has complex effects on the cardiovascular system. The purpose of this article is to review physio-pathological effects
of alcohol on cardiovascular and related systems and to describe its role in hypertension and cardiovascular disease. The
relationship between alcohol and hypertension is well known, and a reduction in the alcohol intake is widely recommended
in the management of hypertension. Moreover, alcohol has both pressor and depressor actions. The latter actions are clear
in Oriental subjects, especially in those who show alcohol flush because of the genetic variation in aldehyde dehydrogenase
activity. Repeated alcohol intake in the evening causes an elevation in daytime and a reduction in nighttime blood pressure
(BP), with little change in the average 24-h BP in Japanese men. Thus, the hypertensive effect of alcohol seems to be
overestimated by the measurement of casual BP during the day. Heavy alcohol intake seems to increase the risk of several
cardiovascular diseases, such as hemorrhagic stroke, arrhythmia and heart failure. On the other hand, alcohol may act to
prevent atherosclerosis and to decrease the risk of ischemic heart disease, mainly by increasing HDL cholesterol and inhibiting
thrombus formation. A J- or U-shaped relationship has been observed between the level of alcohol intake and risk of
cardiovascular mortality and total mortality. It is reasonable to reduce the alcohol intake to less than 30 ml per day for men
and 15 ml per day for women in the management of hypertension. As a small amount of alcohol seems to be beneficial,
abstinence from alcohol is not recommended to prevent cardiovascular disease.

Hypertension Research (2010) 33, 181-191; doi:10.1038/hr.2009.226; published online 15 January 2010

Keywords: alcohol; blood pressure; cardiovascular disease

INTRODUCTION
Alcohol has complex effects on the cardiovascular system. The
relationship between alcohol and hypertension is well known, and a
restriction of alcohol intake is widely recommended as a part of
lifestyle modifications in the management of hypertension.!® Alcohol
has both pressor and depressor actions, however, and the genetic
susceptibility regarding alcohol metabolism influences the cardiovas-
cular effect of alcohol.>” The effect of alcohol on blood pressure (BP)
is also modified by several factors, such as the level of consumption,
time period after the last drink and overall drinking behavior.

Alcohol consumption is associated with several cardiovascular
diseases, such as brain hemorrhage, heart failure and arrhythmia, as
well as with other disorders.>#~!! Heavy drinking and alcoholism not
only lead to medical problems but are also serious social concerns.
However, alcohol also seems to have beneficial effects, including the
prevention of ischemic heart disease. It has been shown that cardio-
vascular and all-cause mortality is lower in light drinkers compared
with nondrinkers.>812

The purpose of this article is to review physio-pathological effects of
alcohol on cardiovascular and related systems and to describe its role

in hypertension and cardiovascular disease. I will outline the cardio-
vascular actions of alcohol, the effects of alcohol on BP and hyper-
tension, including changes in 24-h BP, and the relationship between
alcohol and cardiovascular diseases.

CARDIOVASCULAR ACTIONS OF ALCOHOL

Acute effect on BP

The effect of a single intake of alcohol on BP in normal subjects is not
consistent among studies. Some studies have shown an increase in
BP,!214 whereas it decreased'>!6 or remained unchanged'”!® in others.
In hypertensive patients, the BP also became elevated'? or fell?® after
a single ingestion of alcohol.

In studies showing the pressor effect of alcohol, a BP increase was
observed within 1h after drinking; however, the increase was not
sustained.> On the other hand, BP usually fell or remained unchanged
after alcohol consumption in studies with prolonged observation periods.
Stott et al?! reported that BP levels increased at 1h after drinking but
tended to decrease over the next 7 h in normotensive subjects.

We examined the effect of a single intake of alcohol (1 mlkg™1)
on BP using ambulatory BP monitoring (ABPM) in hypertensive
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Japanese men.” As shown in Figure 1, the BP decreased and the heart
rate increased for several hours after drinking alcohol. This alcohol-
induced hypotension was marked in subjects showing facial flush
identified by visual inspection after drinking, and was mild in those
who did not show such flush. A transient pressor response to alcohol
consumption was not observed in our study, and BP values the day
after drinking were comparable to those on the control day.

Minami et al.?? also studied the effect of a single intake of alcohol
on ambulatory BP in normotensive and hypertensive Japanese men
in relation to the genotype of aldehyde dehydrogenase 2 (ALDH2).
In their study, BP decreased significantly after alcohol ingestion in
the inactive ALDH2 group (heterozygotes and a homozygote for
ALDH2*2), whereas the reduction in BP was small but significant
only for diastolic BP in the active ALDH2 group (homozygotes for
ALDH2*1).

A single intake of alcohol therefore mainly acts to lower the BP, at
least in Japanese men. As this depressor effect varies according to race
and the presence and absence of alcohol flush, genetic variation in
ALDH?2 activity seems to have a major function. It has been shown
that subjects with the ALDH2*2 genotype, which is common in
Mongoloids but rare in Caucasians and Africans, show facial flush
after drinking alcchol because of the accumulation of vasodilative
acetaldehyde >?-2¢ The mechanisms causing a transient pressor
response to alcohol are not clear. An emotional change or gastric
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Figure 1 Ambulatory blood pressure (BP) and heart rate during the alcohol
intake day (e) and the control day (O). *: P<0.05 between the two periods
(adopted from Kawano et al.” with permission).
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irritation rather than a direct effect of alcohol, however, may be
involved in the pressor response because it takes several hours for
blood alcohol to disappear after a single intake.>?!

Vascular actions

The action of alcohol on the vasculature is variable according to its
concentration and the kind of blood vessel.>?6 High concentrations
of alcohol constrict most blood vessels. This vasoconstriction depends
on calcium ions and is inhibited by calcium channel blockers. Alcohol
also acts to augment the vasoconstriction caused by catecliolamines
and vasopressin and inhibits endothelium-dependent vasodila-
tion.?”28 It has been suggested that endothelin and nitric oxide are
involved in alcohol-induced vasoconstriction.?’ Soardo et al’¢
observed that alcchol increased the levels of endothelin-1, nitric
oxide, plasminogen activator inhibitor-1 and oxidative stress both
in vivo and in vitro. As the scavengers of oxidants prevented those
changes, oxidative stress may have a role in the alcohol-induced
endothelial dysfunction.’® It was, however, reported that the flow-
mediated dilation of the brachial artery and blood markers of
endothelial function were similar between the usual drinking period
and the alcohol restriction period in healthy men.*!

On the other hand, low concentrations of alcohol usually dilate
blood vessels.2>26 This effect also seems to be mediated by calcium
ions and endothelium-derived nitric oxide. It has been shown that low
doses of alcohol increase the release of nitric oxide and augment
endothelium-dependent vasodilation.3? Criscione et al.?” reported that
ethanol inhibits norepinephrine-induced vasoconstriction in the rat
mesenteric artery. They also observed that norepinephrine-induced
vasoconstriction is enhanced after the withdrawal of alcohol. These
results seem to be consistent with the time-dependent BP changes
after alcohol consumption in humans.

Acetaldehyde, a metabolite of alcohol, acts as a vasodilator.’?
Subjects with low-active aldehyde dehydrogenase (ALDH2*2) show
facial flush after alcohol ingestion because of the accumulation of
acetaldehyde in the blood. Such subjects, especially those homozygous
for the ALDH2*2 genotype, show marked tachycardia and hypo-
tension after alcohol consumption.>?

In our study, the alcohol-induced BP reduction in hypertensive
patients was due to a decrease in peripheral vascular resistance
(Table 1).7 We also observed that the intracellular sodium concentra-
tion in red blood cells decreases after alcohol ingestion.>® This change
may also act to dilate blood vessels through a decrease in the
intracellular calcium concentration.

Table 1 Hemodynamic variables after alcohol intake in hypertensive
patients (adopted from Kawano et a/. with permission)

Controf day Alcohol intake day
Variables 5PM 7PM 5PM 7 PM
MBP (mm Hg) 109t4 1004  106%5 891 3%+
HR (b.p.m.) 5442 5642 52+3 68+ 5%
¢l (Imin-tm-1) 26102 29+03 2602 3.3+0.3%
PVR (dyns-lem-%) 20614208 1791+225 2096268 1305+ 114*
LVFS (%) 3412 37£2 35:1 43+ 2%+
LVESWS (103dynem-2) 67410  56%7 6215 37+5%

Abbreviations: b.p.m., beats per minute; Ci, cardiac index; HR, heart rate; LVESWS, left
ventricular end-systolic wall stress; LVFS, left ventricular fractional shortening; MBP, mean
blood pressure; PVR, peripheral vascular resistance.

*P<0.05 vs. the control day, tP<0.05 vs. 5 PM on the alcohol intake day.
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Taken together, alcohol has both constrictive and dilative actions on
blood vessels, and these effects may be dependent on race, the dose
and timing of alcohol consumption.

Cardiac actions

The effects of alcohol on the heart are also complex.>®* It has been
shown that alcohol directly inhibits the contractility of cardiac muscle
in a dose-dependent manner.!®% This negative inotropic action is
apparent in the isolated heart or after blocking of the autonomic
nervous system. '8

Cardiac function, however, does not often change or even increase
after the administration of alcohol in normal humans and animals.
Kupari et al?® reported that both the heart rate and cardiac output
increased whereas systemic vascular resistance decreased after alcohol
ingestion in healthy volunteers.!® They also observed that those
changes were small in subjects who did not show facial flush, but
were marked in subjects who showed flush after drinking. In our
study, the heart rate and cardiac output also increased significantly
after alcohol ingestion in hypertensive patients’ (Table 1). The activa-
tion of the sympathetic nervous system seems to mask the direct
inhibitory action of alcohol on the heart. Indeed, we have observed
that the alcohol-induced increases in heart rate and cardiac output are
attenuated after the administration of a beta blocker.3*

The adverse influence of alcohol on the heart is clear after the
consumption of large amounts for many years. It has been shown that
the total alcohol intake is positively related to the left ventricular mass
and negatively related to the left ventricular ejection fraction.3
Structural changes in cardiac muscle were also observed in heavy
drinkers 3 as well as in ethanol-fed rats.® These changes may be
involved in alcohol-induced cardiomyopathy, heart failure and
arrhythmia.

Alcohol withdrawal syndrome

Chronic heavy drinkers, such as alcoholic patients, show alcohol
withdrawal syndrome, which is characterized by psycho-neurological
symptoms and signs after the sudden cessation of alcohol consump-
tion. This syndrome includes elevation of the BP and heart rate
because of activation of the sympathetic nervous system.?® The pressor
response during alcohol withdrawal reaches a peak the day after
cessation.?® In this case, the BP decreased to a lower level compared
with baseline within several days after alcohol withdrawal in heavy
drinkers.?® As habitual drinkers experience a mild degree of repeated
alcohol withdrawal in daily life, it is possible that this withdrawal
phenomenon contributes to alcohol-related hypertension.

NEUROHORMONAL ACTIONS OF ALCCHOL
Actions on the autonomic nervous system
It has been shown that alcohol activates the sympathetic nervous
system.>?® Van de Borne et al?! observed an increase in muscle
sympathetic nerve activity after a single intake of alcohol in normal
men. In their study, BP did not change, although the heart rate
increased significantly. In our study, plasma catecholamines increased
but BP decreased after alcohol ingestion in hypertensive patients, and
the increase in plasma catecholamines was more pronounced in
subjects with a large BP reduction.”#? These results suggest that the
activation of the sympathetic nervous system occurs in response to BP
change and acts to compensate for any further BP reduction.
Experimental studies have shown that alcohol suppresses the
baroreceptor reflex.®> Narkiewicz et al** reported that alcohol
enhances the hypotension induced by lower body negative pressure.
The combination of impairment of the baroreceptor reflex and

Alcohol, blood pressure and cardiovascular disease
Y Kawano

systemic vasodilation acts to potentiate orthostatic hypotension and
may induce syncope after drinking in susceptible subjects.

Actions on the endocrine system

It is known that alcobol increases plasma renin activity.”2642 As the
increase in renin activity was suppressed by pretreatment with
propranolol in our study,® it seems to be mediated by the sympathetic
nervous system. Alcohol also stimulated the release of adrenocortico-
tropic hormone, and increases in plasma cortisol and aldosterone were
observed after drinking.?® It has been reported that dexamethasone
inhibited the BP elevation and sympathetic activation after alcohol
ingestion.*> We and others, however, have failed to observe significant
changes in adrenocorticotropic hormone, cortisol or aldosterone.?*2

Alcohol suppresses the release of vasopressin; however, this change
does not seem to mediate the acute depressor effect of alcohol.?-2642
Several depressor hormones and substances, such as atrial natriuretic
peptide, prostaglandin E,, beta endorphin and cyclic GMP, did not
change after alcohol ingestion.42' Although data relating alcohol intake
to plasma atrial natriuretic peptide have been inconsistent, Djousse
et al* observed a positive relationship after adjusting for several
confounding factors.

The level of plasma insulin increases after alcohol intake; however,
the change is less than that induced by an isocaloric control drink.%?
It has been shown that a light-to-moderate intake of alcohol enhances
insulin sensitivity?” and reduces the risk of type 2 diabetes mellitus.*®
Alcohol therefore seems to have a beneficial effect on insulin and
glucose metabolism.

Taken together, alcohol causes various changes in the autonomic
nervous system and endocrine system, but these changes do not seem
to have a major role in the pressor or depressor effect of alcohol except
in the case of alcohol withdrawal syndrome.

ACTIONS OF ALCOHOL ON WATER AND ELECTROLYTE
METABOLISM

Alcohol also exhibits actions on water and electrolyte metabolism.
Urinary excretion increases after alcohol ingestion.®**° The increase in
urine volume seems to be caused by fluid intake and the suppression
of vasopressin.2t%7

We have studied the effect of repeated alcohol intake for 7 days on
the urine volume and sodium excretion in hypertensive patients.>!
Urine volume increased on days 3—5 but not on day 1. Urinary sodium
excretion decreased in the early phase but increased in the late phase.
The average BP also decreased in the early phase and then returned
toward the baseline levels. The initial BP reduction may mask the
alcohol-induced diuresis and causes sodium retention, which may be
involved in subsequent BP elevation.

It has been shown that urinary potassium excretion decreases after
alcohol ingestion.®®® In our study, the serum potassiumn level
decreased after a single intake of alcohol.”> This change in serum
potassium seems to be mediated by the sympathetic nervous system,
as propranolol attenuated alcohol-induced hypokalemia.?> Conversely,
alcohol increases the urinary excretion of magnesium and cal-
cium.**%%2 t is possible that magnesium and calcium are depleted
in habitual drinkers, and the alcohol-induced changes in these
minerals may contribute to BP elevation and arrhythmia >3

ALCOHOL AND HYPERTENSION

Epidemiological studies

Numerous epidemiological observational studies have examined the
relationship between alcohol consumption and BP or hypertension.
Almost all of them have shown that habitual drinkers have a higher BP

183

Hypertension Research

—284—



Aicohot, blood pressure and cardiovascular disease
Y Kawano

150
White
140
130
120 | ----uo Men : I

90 —o Women

80 s IDI

Mean blood pressure, mm Hg (Age adjusted)

70

99%
Confidence
Limits

Asian

0 <2 35 26 0

<2 35 =26 Q <2

Alcohol consumption (Usual number of drinks per day)

Figure 2 Mean systolic and diastolic BPs for White, Black or Asian men and women far known drinking habits (adopted from Klatsky et af.5* with permission).

and higher prevalence of hypertension than nondrinkers.!-324-58
These associations have been observed regardless of race, gender, age
and the type of alcohol (Figure 2). Although some studies suggest the
presence of a threshold regarding the pressor effect of alcohol,>*%? the
relationship between the level of alcohol consumption and BP is
usually linear. In cross-sectional studies, the systolic BP increased by
3—4 mm Hg and diastolic BP increased by 1-2 mm Hg per three drinks
per day (one drink contained 10-15ml, or 8-12 g of alcohol).! Intake
of 10 ml per day of alcohol therefore seems to elevate the systolic BP by
about 1 mm Hg in humans. It has been estimated that about 10% of
hypertension in the general population can be attributed to alcohol.1”?

The relationship between alcohol and BP seems to be independent
of confounding variables. Increases in the body weight and abdominal
fat associated with alcohol consurnption, however, may have a role in
alcohol-related hypertension. Suter et al5! observed that both the BP
and waist/hip ratio increased with the level of alcohol intake, and there
was a positive association between changes in body weight and alcohol
consumption.

The hypertensive effect of alcohol has also been shown in long-
itudinal studies.52% Tsuruta et al%2 reported that the probability of
the development of hypertension in heavy drinkers (alcohol consump-
tion =46 g per day) was about twice that of the rest of the population
after a 12-year follow-up among normotensive men. Fuchs et al.%
showed that the consumption of alcohol at =30g per day was an
independent risk factor among participants in the Atherosclerosis Risk
in Communities (ARIC) study. Nakanishi et al.% also observed that
the risk for hypertension increased in a dose-dependent manner with
increases in alcohol intake among Japanese men in a longitudinal study.

Although epidemiological studies have clearly shown the hypertensive
effect of alcohol, most studies did not consider the time-related effect
of alcohol on BP. This fact may be important because BP measurement
has been carried out during the daytime, whereas alcohol is usually
consumed at night. Moreira et al5 reported that the BP in habitual
drinkers was higher at 13-24h after the last drink compared with that
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within 3h or at more than 24h. Kawabe et al% observed that the
evening home BP was lower but the morning home BP was higher
on drinking compared with nondrinking days in Japanese volunteers.
These findings suggest that the BP in habitual drinkers is overestimated
by casual BP measurement taken during the day.

Clinical studies

Clinical intervention studies have also revealed an increase in BP with
alcohol consumption and a BP decrease with alcohol restriction.
Howes and Reid,” observed a BP increase after repeated alcohol
consumption for 7 days in normotensive subjects. Potter and
Beevers,%® reported a BP increase after alcohol intake for 4 days in
hypertensive patients. Using a crossover design, Puddey et al97°
compared BP values during a 6-week period of unrestricted alcohol
consumption and that of alcohol restriction in normotensive and
hypertensive subjects. The average level of alcohol consumption was
50 ml per day during the unrestricted period and 10 ml per day during
the restricted period, and the BP was 3/2 mm Hg higher in the former
than in the latter period in normotensive subjects.%? In hypertensive
subjects, the BP was 5/3 mm Hg higher in the unrestricted than during
the restricted period.”® Ueshima et al.”! also examined the effect of a
2-week period of alcohol intake and restriction using a crossover
method in Japanese hypertensive patients and observed a similar BP
elevation with alcohol consumption.

According to a meta-analysis of 15 randomized controlled trials,
BP significantly decreased with alcohol restriction’? (Figure 3). The
mean BP reduction was 3.3/2.0 mm Hg, and there was a dose—response
relationship between alcohol reduction and decrease in BP. The effects
of intervention were enhanced in studies with a higher baseline BP.
The results of this meta-analysis support the importance of alcohol
reduction in the management of hypertension among heavy drinkers.

Most clinical studies have not considered the timing of alcohol
intake and BP measurement. We studied the effect of repeated
episodes of alcohol consumption on BP with ABPM under standar-
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dized conditions in Japanese men with hypertension.”? After several
days of the control period, the subjects consumed 1 mikg~! of alcohol
with an evening meal for 7 days. Evening BP values decreased for
several hours after alcohol consumption on both days 1 and 7, whereas
momning BP was unchanged on day 1 but increased on day 7. The
average 24-h BP was lower on day 1 and was the same on day 7
compared with the control period. A short-term repeated intake of
alcohol therefore causes biphasic changes in BP without altering the
average 24-h BP, at least in Japanese men.

We also examined the effect of a 4-week period of unrestricted
alcohol consumption and that of alcohol restriction on the 24-h BP in
hypertensive patients in a randomized crossover study.”* The average
level of daily alcohol intake was 66 ml in the unrestricted period and
11 ml in the restricted period. The daytime BP was 3/2 mm Hg higher
in the unrestricted period than in the restricted period, but the
nighttime BP was 4/2mm Hg lower in the former (Figure 4). The
average 24-h BP was comparable between the two periods. These
effects of alcohol resulted in changes in the dipping pattern of the 24-h
BP. Half of those who did not show a dip in BP during the restricted
period changed and showed a dip in the unrestricted period, and half
of those that showed a dip showed an extreme dip during this period.

On the other hand, Minami et al’®> observed reductions in the
daytime (—3.4 mmHg) and 24-h (—3.2mmHg) systolic BPs after 3
weeks of alcohol restriction in Japanese men. In their study, daytime,
nighttime and 24-h diastolic BPs did not change with alcohol
reduction (—1.1, +2.1 and —0.3 mm Hg, respectively).

The effect of alcohol on the 24-h BP may differ between Orientals
and Caucasians. Howes et al’ observed that short-term alcohol
intake increased BP variability without changing the average BP in
Australian subjects. However, Rakic et al.”” showed that the average
24-h BP increased significantly after 4 weeks of alcohol consumption

in Australian men. In their study, the average 24-h systolic BP was
2-3mmHg higher and the nighttime BP was not lower in the
unrestricted compared with the restricted period. It was also reported
that the average 24-h BP decreased after abstinence in alcoholic
patients.”8

In a systematic review, McFadden et al.”® analyzed clinical trials that
examined the BP after a period of sustained alcohol intake. In this
review, the pressor effect of alcohol was evident in non-ABPM studies,
but not in ABPM studies. An early effect of reducing the BP and a later
effect of raising the BP led to smaller differences in the net effect of
alcohot on BP values in ABPM studies.

We also studied changes in morning and evening home BP
measurements during each of the 4 weeks of unrestricted consump-
tion and restriction in hypertensive patients.3® In this study, the
morning BP increased by 4.4 mm Hg but late evening BP decreased
by 7.4 mmHg at the end of the unrestricted alcohol intake period.
The pressor effect was significant from week 2, whereas the depressor
effect was evident from day 1. These results indicate that the status
of alcohol intake influences the morning-evening BP difference,
and that slow pressor mechanism(s) are involved in alcohol-induced
BP elevation.

It is therefore clear that alcohol consumption contributes to
hypertension, and alcohol restriction decreases the daytime BP. It
should be noted, however, that the effects of alcohol on BP vary
according to the level and duration of consumption and the time from
the last drink. Alcohol seems to exert a marked influence on circadian
BP variation, whereas its influence on the average 24-h BP seems to be
small. The mechanisms of the pressor effects of alcohol have not been
fully clarified; however, changes in vascular reactivity and sympathetic
nerve activity related to intermittent alcohol withdrawal seem to be
more important than the direct actions of alcohol. Deficiencies in
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magnesium and calcium may contribute to BP elevation after chronic
alcohol consumption. Increases in the caloric intake through consum-
ing alcoholic beverages and elevated salt intake associated with
drinking may also be involved in alcohol-related hypertension.
Experimental studies
Many experimental studies have examined the effect of chronic
administration of alcohol on BP; however, the results have been
inconsistent.

Strickland and Wooles,?! reported an elevation of BP after ethanol
administration (5-20% in drinking water) for 4 weeks in rats. In their
study, the plasma level of norepinephrine was decreased in ethanol-fed
animals. Vasdev et al.3? observed BP elevation after 1 week during the
administration of ethanol (5-10%) to Wister Kyoto rats. They noted
increases in the concentration of platelet intracellular calcium ions and
the uptake of calcium in the aorta. Hsieh et al.>* identified increases in
BP and intracellular calcium ions and a decrease in intracellular
magnesium jons after 4 weeks of ethanol administration (15%) to
rats. They suggested a role of magnesium deficiency in ethanol-
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induced hypertension as the BP elevation was attenuated by magne-
sium supplementation. Puddey et al®® reported a BP elevation of
~10mm Hg and decreases in the level of phospholipids and the ratio
of unsaturated/saturated fatty acids in the aorta and kidney after the
chronic administration of alcohol to rats. Harada et al.®* also observed
increases in the BP and platelet-free calcdium concentration with
ethanol consumption (15%) in Wister Kyoto rats.

In some studies, the BP did not change after the chronic admini-
stration of alcohol to animals. Abdel-Rahman®® reported that the BP
increase was not different between ethanol-fed {(5-20% in drinking
water) spontaneously hypertensive (SH) rats and control SH rats
during a 13-week observation period. The depressor effect of cloni-
dine, however, was reduced in the ethanol-fed SH rats, suggesting a
change in the neural regulation of BP.

Several studies have shown that chronic alcohol intake decreases BP
in animals. Howe et al.26 reported that BP values in alcohol-fed (5-
20% in drinking water) Wister Kyoto, SH and stroke-prone SH rats
were Jower than those of respective control rats during a 6-month
observation period. Hatton et al.®7 observed a BP decrease during
chronic ethanol administration (36% in a liquid diet) for 18 weeks in
Wistar rats. The vasoconstrictor response of resistant arteries to
norepinephrine was enhanced and the vasodilator response to alcohol
was attenuated in their study. Beilin et al.®8 reported a decrease in the
resting BP of Wister Kyoto and SH rats after 12 weeks of ethanol
administration (20% in drinking water), although cardiovascular
reactivity to noise-related stress was augmented in the ethanol-fed
SH rats. El-Mas and Abdel-Rahman®® also observed a lower BP in
freely moving, ethanol-fed (5% in a liquid diet) rats compared with
control rats based on telemonitoring of the BP.

The reasons for the inconsistent results in experimental studies are
not clear, but cannot be explained by differences in daily doses of
alcohol administration. The periods of alcohol administration, how-
ever, are generally longer in studies showing BP reduction than those
showing BP elevation. The timing of BP measurement may be
important, such as in clinical studies. Crandall et 2/ administered
30% alcohol twice daily (7-8gkg™!) for 10 weeks to rats and
examined the levels of BP and blood alcohol. In their study, BP was
normal at the time of the peak blood alcohol level but was elevated at
24 h after alcohol consumption, when alcohol was not detected in the
plasma. Their results suggest that alcohol-induced hypertension is not
because of its direct action but to alcohol withdrawal.

The harmful effects of large doses of alcohol, such as cardiac
dysfunction, have been shown in experimental studies.”! Schlicht
et al.”? however, reported that the lifespan of SH rats was prolonged
by the chronic administration of ethanol. These observations are
important, as both the adverse effects of a large amount of alcohol
and the beneficial effects of a moderate amount on cardiovascular
disease and total mortality have been shown in large-scale epidemio-
logical studies.®-12

Interaction with antihypertensive drugs

Alcohol interacts with several antihypertensive agents. Experimental
studies have shown that alcohol attenuates the effect of centrally acting
antihypertensive drugs such as clonidine.®% Heavy drinking is recog-
nized as one of the factors responsible for resistant hypertension. The
interaction between alcohol and antihypertensive drugs and the
hypertensive effect of alcohol may have a role in alcohol-related
resistant hypertension. In addition, heavy drinkers often show poor
adherence to both pharmacological treatment and lifestyle modifica-
tions. Habitual drinkers taking antihypertensive drugs are also prone
to morming hypertension.’®
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Table 2 Moderation of alcohol consumption recommended
by hypertension treatment guidelines

INC-7 (2003) ESH-ESC 2007 JSH 2009

Men: =2 drinks per day Men: £20-30g Men: =20-30ml
(=30ml per day) per day per day

Women, light weight person: Women: =10-20g  Women: =10-20ml
=1 drink per day (£15ml per day)  per day per day

Expressed as amount of ethanol. ESH-ESC 2007, European Society of Hypertension-European
Society of Cardiology guidelines;> JNC-7, Joint National Committee 7th report {Chobanian et af2);
JSH 2009, Japanese Society of Hypertension guidelines (Ogihara et a/.5).

The combination of alcohol and antihypertensive drugs may also
lead to a marked BP reduction. This phenomenon has been known;
however, few clinical studies have addressed this interaction. It is
possible that sympatholytic drugs augment the depressor effect of
alcohol, as alcohol-induced hypotension is associated with the reflex
activation of the sympathetic nervous system.” In our studies, alcohol
and a beta blocker, propranolol, additively lowered the nighttime
BP* whereas alcohol and an alpha blocker, prazosin, synergistically
acted to lower the BP in hypertensive patients.’® It has also been
reported that alcohol enhances the depressor effect of the calcium
antagonist felodipine.”> Changes in the type and timing of anti-
hypertensive medication along with the moderation of alcohol
consumption should be considered to treat hypertensive patients
with a drinking habit.

Hypertension treatment guidelines

As an excess consumption of alcohol is a risk factor for hypertension,
all hypertension treatment guidelines recommend the moderation of
alcohol intake as a part of lifestyle modifications for the management
of hypertension (Table 2). The 7th report of the Joint National
Committee in the United States (JNC-7) recommends the limitation
of daily alcohol consumption to no more than two drinks (30 ml) for
most men and to no more than one drink (15ml) for women and
light-weight men.* According to the European guidelines (European
Society of Hypertension-European Society of Cardiology guidelines,
ESH-ESC 2007), the upper limit is 20-30g per day for men and
10-20g per day for women. The Japanese guidelines provide similar
recommendations (20-30ml per day for men and 10-20ml per day
for women). Of note, 600 ml of beer or 250 m! of wine contains about
30ml of ethanol.

These recommendations put forward by the guidelines are appro-
priate because small doses of alcohol exert little adverse effects on BP
and the cardiovascular system. There are, however, some concerns
regarding the efficacy of alcohol restriction on BP because the effect of
alcohol on average 24-h BP levels seems to be very small. In our
studies, salt restriction and weight reduction substantially decreased
the BP for 24 h, but the effect of alcohol restriction on average 24-h BP
was not significant.*-*8 As light drinking has beneficial effects on the
cardiovascular system, as described later, abstinence from alcohol
should not be imposed on hypertensive individuals except for patients
with special conditions.

ALCOHOL AND CARDIOVASCULAR DISEASE

Cardiac disease

Heart failure. A heavy alcohol intake is associated with cardiac
hypertrophy and the risk of cardiomyopathy and heart failure.3°637
It has been shown that the total consumption of alcohol is positively
related to a left ventricular mass and is negatively associated with the
ejection fraction in asymptomatic alcoholic subjects.3” Recent epide-
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miological studies, however, have shown that moderate alcohol con-
sumption is associated with a lower risk of heart failure.*>'% Klatsky
et al.*! reported that heavy drinkers had an increased risk of heart
failure because of noncoronary artery disease, whereas alcohol drink-
ing was inversely related to the risk of heart failure because of coronary
artery disease. Heavy drinking therefore seems to increase the risk of
heart failure but light-to-moderate drinking may decrease the risk,
probably because of its favorable association with coronary artery
disease.

Arrhythmia.  Alcohol intake is associated with the risk of tachyar-
rhythmia, such as ventricular and supraventricular premature con-
tractions and atrial fibrillation.®1°2-1%4 I, the Danish Diet, Cancer and
Health study, moderate-to-heavy consumption of alcohol was asso-
ciated with an increased risk of atrial fibrillation.!931% Such alcohol-
induced arrhythmia often occurs after binge drinking, Activation of
the sympathetic nervous system and a decrease in the serum potas-
sium level after drinking may trigger this arrhythmia.®> Cardiac
functional and structural changes because of chronic alcohol con-
sumption also seem to have a role in arrhythmia.?’

Coronary heart disease. Alcohol seems to have a beneficial effect on
coronary heart disease.®” It has been shown that the risk of myocardial
infarction is 20-50% lower in habitual compared with nondrin-
kers.>10>-198 Thig risk reduction is dose-dependent up to the level of
moderate drinking, but further risk reduction has not been observed
in heavy drinkers (Figure 5). A U-shaped relationship has been
observed between the level of alcohol consumption and degree of
coronary calcification in a general population.!®® In some studies,
such as the Japan Collaborative Cohort Study,!'° the beneficial effect
of alcohol on coronary heart disease was modest and not significant
(Table 3).

The mechanisms behind the inverse association of alcohol with
coronary heart disease have not been fully clarified. The alcohol-
induced increase in HDL cholesterol, however, seems to be the most
important mechanism. 071!} The inhibitory effect of alcohol on blood
coagulation also contributes to the lower risk of myocardial infarc-
tion.! In addition, it has been shown that moderate alcohol
consumption is associated with a lower plasma level of C-reactive
protein, suggesting an anti-inflammatory action of alcohol.!!2 The
weak effect of alcohol on the average 24-h BP may also have a role as a
high BP is a strong risk factor for coronary heart disease.”%”

Red wine contains polyphenols that act to prevent atherosclerosis
because of their antioxidant effect. Several studies have shown that
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Table 3 Mortality from stroke, coronary heart disease and total cardiovascular disease by alcohol consumption category in men in the Japan
Collaborative Cohort Study (adopted from tkehara et a..'10 with modification)
Ethanol intake, g per day
Nondrinkers Ex-drinkers 0.1-22.9 23.045.9 46.0-68.9 =69.0
Person-years 96423 25919 78478 101256 90000 41588
Total stroke 200 126 114 168 173 83
Age-adjusted HR 1.00 1.932 0.91 0.98 1.462 1.89°
Multivariable HR 1.00 1.90° 0.85 0.96 1.39° 1.71°
Hemorrhagic stroke 55 31 41 52 60 37
Age-adjusted HR 1.00 1.80° 1.09 1.02 1.512 2.3
Multivariable HR 1.00 1.792 1.16 1.02 1.47 2.16?
Ischemic stroke 126 88 60 101 85 37
Age-adjusted HR 1.00 2122 0.80 0.99 1,442 1.60°
Multivariable HR 1.00 2.112 0.81 0.94 1.342 1.39
Coronary heart disease 116 56 71 90 65 33
Age-adjusted HR 1.00 1.502 0.94 88 0.87 1.16
Multivariable HR 1.00 1.35 Q.96 0.82 0.76 0.95
Total cardiovascular disease 487 282 269 379 342 162
Age-adjusted HR 1.00 1.772 0.88 0.90 1.162 1.472
Multivariable HR 1.00 1.66° 0.90 0.87 1.07 1.28°
Abbreviation: HR, hazard ratio.
Significant vs. nondrinkers.
people who mainly drink red wine have a lower risk of cardiovascular Several studies have examined the relationship between alcohol
disease than those who drink other kinds of alcoholic beverage.!>!14  intake and subclinical findings on magnetic resonance imaging of the
It is suggested, however, that the low incidence of myocardial infarc-  brain in general populations. In the Cardiovascular Study, a U-shaped
tion in habitual drinkers is largely attributed to the effect of alcohol  relationship was observed between alcohol consumption and white
itself, 115 matter abnormalities. Moreover, moderate drinking was also asso-
ciated with a lower risk of lacunar infarction compared with abstai-
Cerebrovascular disease ners.!2! Such risk reduction with moderate drinking, however, was not
The relationship between alcohol consumption and total cerebrovas- observed in the ARIC study, and an increased level of alcohol intake
cular disease is generally J-shaped, although it differs according to  was associated with brain atrophy.!?
subtypes of stroke 19>!16 (Figure 5). It is clear that alcohol is a risk
factor for hemorrhagic stroke. A positive linear relationship has been Peripheral arterial disease and atherosclerosis
observed between the level of alcohol consumption and risk of brain  As light-to-moderate consumption of alcohol seems to act to suppress
or subarachnoid hemorrhage 3110116117 Actions on the BP and blood  the progression of atherosclerosis, it may also have a favorable
coagulation system seem to be underlying mechanisms for this adverse influence on peripheral arterial disease. The Edinburgh Artery Study
influence of alcohol. supported the protective effect of alcohol, as there was a positive
On the other hand, the relationship between alcohol consumption  association between the level of alcohol intake and the ankle brachial
and the risk of ischemic stroke has been found to be J- or U- index.!?’ In the Physicians’ Health Study, habitual drinkers showed a
shaped.!10116-118 The low risk in light drinkers seems to be due to  26% lower incidence of peripheral arterial disease compared with
the lower degree of atherosclerosis and the inhibition of blood nondrinkers after adjustment for confounding factors.!?* Similar
coagulation, as in the case of ischemic heart disease. The increased  results were also shown in the Framingham Heart Study and the
risk in heavy drinkers is probably related to increases in the level and  ARIC study.125:126
variability of the B, hemoconcentration because of dehydration and Regarding the association of alcohol and carotid atherosclerosis, an
thromboembolism associated with alcohol-induced atrial fibrillation.  inverse relationship was noted in the Lausanne Stroke Registry.!¥ On
Regarding alcoholic beverage types, wine drinkers seem to have a  the other hand, there was no significant association between alcohol
lower risk of ischemic stroke.!1%:120 _ intake and the carotid artery thickness in the ARIC study.’® A U- or
The favorable association of light-to-moderate drinking with the  J-shaped relationship was observed between the level of alcohol intake
risk of ischemic stroke seems to be more apparent in Caucasians than  and severity of carotid atherosclerosis in the Bruneck Study and the
in Japanese, although the results of epidemiological studies have been  Study of Health in Pomerania.?%130 Although the results of epide-
inconsistent in both populations. The racial differences may be related ~ miological studies have been inconsistent, light-to-moderate con-
to variation in the frequencies of stroke subtypes. Atherothrombotic ~ sumption seems to inhibit the development of carotid atherosclerosis.
brain infarction is common in Caucasians, whereas lacunar stroke is Several studies examined the relationship between alcohol con-
more common in Japanese. sumption and arterial stiffness by measuring the pulse wave velocity.
Hypertension Research
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Sierksma et al.’! identified a U-shaped relationship between alcohol
consumption and the aortic pulse wave velocity. van den Elzen et al!*
observed an inverse relationship between the alcohol intake and pulse
wave velocity in young men and women. On the other hand, Kurihara
et al1¥ reported that the brachial-ankle pulse wave velocity was
elevated in heavy drinkers. These studies also support the favorable
effect of moderate and the harmful effect of heavy drinking on large
arterjes.

Cardiovascular mortality and total mortality

As described earlier, alcohol seems to exert both beneficial and adverse
effects on cardiovascular diseases. The relationship between alcohol
consumption and total cardiovascular mortality has been shown to be
J-,-U- or L-shaped. A J-shaped relationship was observed in the Japan
Collaborative Cohort Study; however, the beneficial effect of light-to-
moderate drinking was not significant.!'® On the other hand, in very
large longitudinal studies conducted by the American Cancer Society,
a U-shaped relationship was observed in the original study,'% and the
relationship was L-shape (nondrinkers showed the highest cardiovas-
cular mortality) in Study IL'9 In a meta-analysis conducted by Di
Castelnuovo et al,''* a light-to-moderate consumption of wine or
beer was associated with lower cardiovascular risk. A drinking habit,
particularly wine consumption, has been shown as a part of a lifestyle
associated with low cardiovascular risk.!#13> It has also been sug-
gested that the risk reduction associated with alcohol consumption is
low in individuals without cardiovascular risk factors but is high in
those with a marked cardiovascular risk. Taken together, light-to-
moderate alcohol consumption seems to decrease cardiovascular
mortality, whereas heavy drinking may result in poor cardiovascular
outcomes compared with abstainers.

Alcohol is also related to several cancers, liver disease, psychiatric
and neurological disorders and injury, and it seems to influence total
mortality. A J- or U-shaped relationship has been observed between
the level of alcohol intake and total mortality,}%!1:105136.137 [t has been
suggested that all-cause mortality is the lowest among subjects who
consume about one drink per day. In the American Cancer Society
Prospective Study II, total mortality was lower in drinkers than in
nondrinkers.!? It has also been shown that wine drinkers have a lower
mortality rate than drinkers who avoid wine.!* In a meta-analysis of
34 studies including more than one million individuals, a J-shaped
relationship was found between alcoho! consumption and total
mortality.!! In this analysis, low levels of alcohol intake (one to two
drinks per day for women and two to four drinks per day for men)
were inversely associated with total mortality, although higher levels
of alcohol increased mortality. Those findings suggest that a light-
to-moderate intake of alcohol decreases but heavy consumption
increases total mortality compared to nondrinking.

CONCLUSIONS

Alcohol has complex effects on the cardiovascular system. It is clear
that alcohol consumption is related to hypertension, and therefore the
restriction of alcohol intake is recommended in the management of
hypertension. Alcohol and its metabolites, however, also exhibit a
vasodilatory action, and the BP usually decreased after alcohol inges-
tion, especially in Orientals who show alcohol flush. Mechanisms for
the pressor action of alcohol have not been completely clarified;
however, an increase in the vascular sensitivity, activation of the
sympathetic nervous system and depletion of magnesium and calcium
may be involved. The depressor action of alcohol is due to a decrease
in systemic vascular resistance that may be related to the attenuation
of vascular sensitivity and production of nitric oxide. The pressor
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effect of alcohol consumed in the evening is apparent during the day,

but its effect on average 24-h BP seems to be very small. It should be

mentioned that casual BP measurement may lead to overestimating

the hypertensive effect of alcohol.

Alcohol seems to exert both harmful and beneficial effects on
cardiovascular disease. An excessive intake of alcohol is associated
with increased risks of heart failure, arrthythmia and hemorrhagic
stroke and causes an increase in total mortality. Light-to-moderate
drinkers, however, show lower rates of atherosclerosis and lower risks
of coronary heart disease, heart failure, ischemic stroke, peripheral
artery disease and cardiovascular and total mortality compared with
nondrinkers. As the aim of the management of hypertension is the
prevention of cardiovascular disease and premature death, moderation
of alcohol intake is to be recommended to hypertensive patients, but
abstinence from alcohol should not be insisted on unless there are
specific indications for it.
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Association of insulin-like growth factor-1
receptor gene polymorphisms with left
ventricular mass and geometry in essential

hypertension

T Horio*, K Kamide®, S Takiuchi*, M Yoshii', Y Miwa®, T Matayoshi’, F Yoshihara®,

S Nakamura', T Tokudome?, T Miyata’? and Y Kawano'

Division of Hypertension and Nephrology, Department of Medicine, Suita, Osaka, Japan and *Research
Institute, National Cardiovascular Center, Suita, Osaka, Japan

Stimulation of insulin-like growth factor (IGF)-1 receptor
by IGF-1 and insulin strongly induces cardiomyocyte
hypertrophy. In this study, we assessed the hypothesis
that genetic variations of the IGF-1 receptor may be
linked to the diversity of left ventricular (LV) structure in
hypertensive patients. Genotypes In 12 single nucleo-
tide polymorphisms (SNPs) of the IGF-1 receptor gene
identified by direct sequencing were determined in 795
Japanese patients with essentlal hypertension. In
echocardiographic examinations, LV mass index (LVMI)
and relative wall thickness (RWT) were measured.
Among 12 SNPs, promoter —-328C>T and intron-13
275124A>C polymorphisms were significantly asso-
ciated with LV hypertrophy (LVMI>125gm~) and con-
centric change (RWT>0.44), respectively. In allele
frequencies, the C allele of —328C>T was related to
LV hyperirophy, and the A allele of 275124A>C was
related to LV concentric change. In fact, LVMI and

prevalence of LV hypertrophy increased in CC genotype
of -328C>T. RWT and prevalence of LV concentric
change increased in AA genotype of 275124A>C. A
multipie logistic regression analysis revealed that the
presence of CC genotype of -328C>T or AA genotype
of 275124A>C was an independent determinant for
LV hypertrophy or concentric change, respectively.
Furthermore, the combination of CC of —328C>T and
AA of 275124A>C genotypes was significantly
assoclated with abnormal LV geometry, especially
concentric hypertrophy. Our findings show that two
SNPs of the IGF-1 receptor gene are related to LV
hypertrophy in patients with essential hypertension,
suggesting that the genetic variation of the IGF-1
receptor may be involved in the diversity of LV structure
in hypertensives.
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Introduction

Left ventricular (LV) hypertrophy, the most common
cardiac consequence of hypertension, is considered as
a maladaptation to the increased afterload, because it
is one of the independent risk factors for cardiovas-
cular morbidity and mortality.! However, the haemo-
dynamic load is not the only determinant of LV
hypertrophy, because for similar elevations of blood
pressure, a wide range of severities and types of LV
hypertrophy have been observed.”* Many studies have
shown that blood pressure explains only 10 to 25% of
the variation in LV mass, supporting the hypothesis
that several non-haemodynamic factors, such as
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genetic and metabolic factors, are involved in the
cardiac growth in human hypertension.**

Hypertension is one of the components of the
metabolic syndrome, which is characterized by
insulin-resistance and hyperinsulinemia. An earlier
study has shown that circulating levels of insulin
and insulin-like growth factor (IGF)-1 are associated
with LV hypertrophy and geometric change in
hypertensive subjects.” IGF-1 is a well-known strong
promoter of cardiomyocyte growth through its
receptors abundantly expressed in myocardium.?
Insulin may also stimulate cardiomyocyte hypertro-
phy by binding to the IGF-1 receptors because of the
structural similarity between the twomolecules.®*®

The above considerations prompted us to hypo-
thesize that the genetic variation of the IGF-1
receptor may be linked to the diversity of LV struc-
ture in hypertensives. Thus, this study analysed the
association of IGF-1 receptor gene polymorphisms
with LV mass and geometry in patients with essen-
tial hypertension.
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Materials and methods

Subjects

A total of 795 Japanese patients with essential
hypertension (438 men and 357 women; mean age,
65+ 11 years) were enroled in this study. Patients
with secondary hypertension, myocardial infarc-
tion, valvular heart disease, congestive heart failure,
atrial fibrillation, or unsatisfactory B-mode and
Doppler echocardiograms were excluded from this
study. Hypertension was defined as a systolic blood
pressure of >140mm Hg and/or a diastolic blood
pressure of >90mm Hg by repeated measurements
or when medication was taken for treatment of
hypertension. Diabetes mellitus was diagnosed
according to the American Diabetes Association
criteria, such as a fasting plasma glucose of
>126 mgper 100ml and/or a plasma glucose level
at 2h after a 75g oral glucose load of >200mgper
100 ml, or when medication was taken for treatment
of hyperglycaemia.

Among the 795 patients, 726 (91%) were receiving
antihypertensive drugs, including combination ther-
apy in some cases. In total, 574 patients (72%) were
treated with calcium channel blockers, 407 (51%)
with renin angiotensin system inhibitors (that is,
angiotensin II receptor blockers and angiotensin
converting enzyme inhibitors), 285 (36%) with B-
blockers, 181 (23%) with diuretics and 113 (14%)
with other classes of agents. In all, 69 patients (9%)
were treated with diet and/or exercise therapy
{(without antihypertensive medication).

All subjects gave their informed consent to
participate in this study. The study protocol was
approved by the ethical review committee of the
National Cardiovascular Center.

Clinical parameters

At the time of the physical examination, blood
pressure, heart rate, body mass index and biochem-
ical profiles were determined. Blood pressure and
heart rate were measured in the subjects after at least
10 min of rest in a sitting position. Peripheral blood
samples were obtained in the morning after an
overnight fast. Total cholesterol, triglycerides, fast-
ing plasma glucose, haemoglobin Alc and serum
creatinine levels were determined by standard
laboratory measurements.

Echocardiographic measurement

A comprehensive two-dimensional echocardiogra-
phy was performed using a cardiac ultrasound unit
(Sonos 5500; Philips Medical Systems, Andover,
MA, USA) as described earlier."''? Echocardio-
graphic parameters were measured by the consensus
of two experienced investigators who were blinded
to the clinical data of the subjects. Measurements,
such as interventricular septal thickness (IVSTd),
posterior wall thickness (PWTd), LV diameter at
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end-diastole (LVDd) and LV diameter at end-systole
(LVDs). Fractional shortening was calculated
as (LVDd-LVDs)/LVDd. Relative wall thickness
(RWT) was calculated as (IVSTd+PWTd)/LVDd.
LV mass was estimated using the formula validated
by Devereux and Reichek:" LV mass (g)=
1.04 x {(IVSTd + PWTd + LVDd)*~LVDd?-13.6. LV
mass was normalized for body surface area and
expressed as LV mass index (LVMI). LV hypertrophy
and LV concentric change were defined as a LVMI
of >125gm™ and a RWT of >0.44, respectively.?*
The geometry of LV was stratified into four different
patterns according to the values of LVMI (< or
>125gm™) and RWT (< or >0.44). Patients with
increased LVMI and increased RWT were considered
to have concentric hypertrophy, and those with
increased LVMI and normal RWT were considered to
have eccentric hypertrophy. Those with normal
LVMI and increased or normal RWT were consid-
ered to have concentric remodelling or normal
geometry, respectively.

To assess LV diastolic function, the diastolic
filling of LV (LV inflow) was examined using
Doppler echocardiography.* The peak velocity of
early diastolic filling (E) and the peak velocity of
atrial filling (A) were recorded and the E to A ratio
(E/A) was calculated. The deceleration time was
measured as the time between the top of the E wave
and the point at which the descending part of the E
wave or its asymptote crossed the zero line.

Detection and genotyping of single nucleotide
polymorphisms (SNPs)

First, peripheral blood samples were obtained from
96 patients with essential hypertension, and all
exons, part of the intron segments, and the promoter
regions of the IGF-1 receptor gene were sequenced
for the detection of SNPs. The method of direct
sequencing has been described earlier.’®'® The
identified polymorphisms were numbered from the
A of the initiator codon (ATG), according to the
recommendations of the Nomenclature Working
Group for human gene mutations.’”” Among all SNPs
identified by sequencing, common SNPs with a min-
or allele frequency of >5% were chosen, and one
SNP from several SNPs with tight linkage disequili-
brium (r*>0.5) was selected for genotyping. As a
result, 12 SNPs were genotyped using the TagMan-
polymerase chain reaction system for all patients, as
described earlier."®**

Statistical analysis

The values are expressed as mean +s.d. To assess
the association of IGF-1 receptor SNPs with LV
structural change, differences in frequency among
the groups were tested by x* analysis. An unpaired
Student’s t-test was used for comparison of clinical
and echocardiographic parameters between the two
groups with different SNP genotypes. A multiple
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