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Introduction

Insulin resistance syndrome' or metabolic syndrome
(MetS)*” represents interrelated metabolic risk factors that
appear to promote the development of diabetes and
cardiovascular disease. Established components of MetS are
increased waist circumference, high blood pressure,
increased serum triglyceride level, decreased serum high-
density lipoprotein (HDL) cholesterol levels, and impaired
fasting glucose.”*

Recently, a worldwide consensus statement® for
harmonising MetS criteria was issued jointly by the
International Diabetes Federation (IDF) Task Force on
Epidemiology and Prevention, the National Heart, Lung, and
Blood Institute, American Heart Association, World Heart
Federation, International Atherosclerosis Society, and the
International Association for the Study of Obesity. Thus, the
revised National Cholesterol Education Program (NCEP)
criteria’ where abdominal obesity is not a necessary
component of MetS was adopted as the worldwide definition
of MetS, and the IDF criteria of MetS® where abdominal
obesity is a necessary component was withdrawn.®

Increased serum levels of high-sensitivity C-reactive
protein (hs-CRP)*** and fatty liver disease” are reported as
associated components of MetS. Previously, associations
have been reported between MetS and high-sensitivity C-
reactive protein (hs-CRP),”* low-density lipoprotein (LDL)
cholesterol," uric acid,” vital capacity,'*” heart rate” and liver
function tests” in Japanese.

Hypertriglyceridaemia and hypo-HDL cholesterolaemia
(known as dyslipidaemia) cause endothelial dysfunction
and the loss of physiological vasomotor activity that results
from endothelial dysfunction may lead to increased blood
pressure. A study in the USA reported that men in the
highest quintile of HDL cholesterol had a decreased risk of
developing hypertension compared with those in the lowest
quintile.* However, among five components of MetS, HDL

Correspondence to: Eiji Oda

Email: ijie@venus.sannet.ne.jp

ABSTRACT

Among five components of metabolic syndrome, high-
density lipoprotein (HDL) cholesterol is unique because
it is not significantly associated with blood pressure.
This study looks at cross-sectional relationships between
HDL cholesterol and hypertension using medical check-up
data from 1803 apparently healthy Japanese men aged
49.9%9.0 years, and 1150 Japanese women aged 49.5+9.0
years. Pearson’s correlation coefficients between systolic
blood pressure (SBP)/diastolic blood pressure (DBP) and
HDL cholesterol were —0.01 (ns)/~0.01 (ns) in men and
-0.04 (ns)/-0.01 (ns) in women. The standardised partial
regression coefficient of HDL cholesterol for SBP/DBP
(mmHg) controlling for age, body mass index (BMI),
fasting plasma glucose (FPG), triglycerides, high-sensitivity
C-reactive protein (hs-CRP) and low-density lipoprotein
(LDL) cholesterol were 0.15 (P<0.0001)/0.15 (P<0.0001) in
men and 0.10 (P<0.0001)/0.12 (P<0.0001) in women. The
odds ratio (OR; 95% confidence interval [CI]) of a Img/dL
increment of HDL cholesterol for hypertension controlling
for age, BMI, FPG, triglycerides, hs-CRE, LDL cholesterol,
metabolic syndrome, diabetes, exercise status, drinking
status, and smoking status was 1.03 (1.02-1.04; P<0.001) in
men and 1.03 (1.01-1.05; P=0.002) in women. Thus, HDL
cholesterol was independently positively associated with
hypertension in apparently healthy Japanese men and
women.
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cholesterol is unique because it does not significantly
correlate with blood pressure. Thus, the relationship
between HDL cholesterol and hypertension may be
controversial.

This study investigates the cross-sectional relationships
between HDL cholesterol and hypertension using medical
check-up data from apparently healthy Japanese men and
women.

Subjects and methods

Subjects

Between 1 April 2008 and 31 March 2009, 2541 men and 1502
women visited the medical check-up centre for general
health screening. Visitors were all required to fill out a
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questionnaire on the history of stroke and ischaemic heart
disease, exercise, smoking and drinking status, and
antihypertensive, antidiabetic, and antihyperlipidaemic
medication. Among them, 1803 men (aged 49.9+9.0 years)
and 1150 women (aged 49.5+9.0 years), all apparently
healthy, were recruited to the present study. None had a
history of cardiovascular disease or stroke, diabetes, or were
on antihypertensive and/or antihyperlipidaemic medication.
The study protocol was approved by the ethics committee at
Tachikawa Medical Center and informed consent was
obtained from each subject.

Measurements

After an overnight fast, blood samples were obtained for
routine medical check-up tests: fasting plasma glucose
(FPG), triglycerides, HDL cholesterol, LDL cholesterol and
hs-CRP. Chemical measurements were performed at BML
Nagaoka (Nagaoka, Japan) with routine laboratory methods.
High-sensitivity CRP was measured at BML General
Laboratory (Tokyo, Japan) with nephelometry using N-latex
CRP-2 (Siemens Healthcare Japan, Tokyo, Japan). The
measurement limit of hs-CRP was 0.02 mg/L and the hs-CRP
value less than the measurement limit was considered as
0.01 mg/L. LDL cholesterol was measured by a direct
surfactant method using Choletest-LDL (Sekisui Medical,
Tokyo, Japan). Percentage body fat (%BF) was measured by
bioelectrical impedance analysis using TBF-210 (TANITA,
Tokyo, Japan). Average systolic blood pressure (SBP) and
diastolic blood pressure (DBP) was calculated from two
measurements taken with the subject in a sitting position
after 5 min rest. Waist circumference (WC) was measured at
the level of the umbilicus. Body mass index (BMI) was
calculated as weight in kilograms divided by the square of
height in metres.

Definitions

Metabolic syndrome was defined by revised NCEP criteria'’
as three or more of five components where the cut-off point
of WC was modified for Japanese as 290 cm in men and >80
cm in women according to IDF recommendations.” Diabetes
was defined as fasting glucose >126 mg/dL and/or with

Table 2. Pearson’s correlation coefficients among metabolic risk factors.

Table 1. Basal data.

Men Women

(n=1803) (n=1150)
Age (years) 49.9+9.0 49.5+9.0
Body mass index (kg/m?) 23.0+2.8 21.5+3.0
Waist circumference (cm) 83.6+7.8 78.1+£8.2
Body fat (%) 21.8+5.0 26.5+5.7
Systolic blood pressure (mmHg) 120.1+16.9 110.2+15.8
Diastolic blood pressure (mmHg) 76.3+10.4 68.8+9.7
Fasting plasma glucose (mg/dL) 94.5+13.8 88.3+8.6
Triglycerides (mg/dL) 121.8(101)+77.5 79.4(69)+45.2
HDL cholesterol (mg/dL) 57.7+14.4 68.0+14.6
High-sensitivity CRP (mg/L) 0.66(0.29)+1.60 0.45(0.21)+0.82
LDL cholesterol (mg/dL) 122.5+29.8 120.6+30.5
Prevalence
Exercisers 35.6 34.9
Current smokers 36.6 6.7
Regular drinkers 51.9 5.8
Metabolic syndrome 11.1 4.4
Diabetes 2.3 0.5
Hypertension 14.5 55

Values are mean (median)+=SD or %

antidiabetic medication, and hypertension was defined as
SBP >140 mmHg and/or DBP >90 mmHg. Exercisers were
defined as subjects who walked at least one hour per day or
who exercised for 30 min or more at least twice a week.

Statistical analysis

Pearson’s correlation coefficients for obesity indices and
metabolic risk factors were calculated. Stepwise linear
regression adopting P>0.1 as an excluding criterion and
SBP/DBP as a dependent variable, and age, BMI, FPG,
triglycerides, HDL cholesterol, hs-CRE and LDL cholesterol
as initial independent variables were performed. Stepwise

BMI WC %BF SBP DBP FPG LnTG HDLc LnCRP LDLc
BMI 0.85 0.92 0.39 0.37 0.27 0.25 -0.27 0.31 0.26
WC 0.87 0.83 0.36 0.34 0.26 0.29 -0.27 0.32 0.29
%BF 0.82 0.81 0.38 0.35 0.27 0.27 -0.26 0.38 0.29
SBP 0.34 0.31 0.30 0.92 0.29 0.20 -0.04 0.20 0.19
DBP 0.31 0.30 0.29 0.93 0.27 0.20 -0.01 0.19 0.18
FPG 0.19 0.20 0.20 0.19 0.19 0.17 -0.11 0.13 0.18
LnTG 0.37 0.40 0.42 0.21 0.21 0.19 -0.40 0.25 0.31
HDLc -0.37 -0.37 -0.36 -0.01 -0.01 -0.07 -0.47 -0.21 -0.21
LnCRP 0.37 0.39 0.40 0.18 0.17 0.12 0.28 -0.30 0.15
LDLc 0.27 0.27 0.33 0.06 0.05 0.09 0.25 -0.24 0.17

BMI: body mass index, WC: waist circumference, %BF: percent body fat, SBP: systolic blood pressure, DBP: diastolic blood pressure,
FPG: fasting plasma glucose, LnTG: logarithmic transformation of triglycerides, HDLc: high-density lipoprotein cholesterol,

LnCRP: logarithmic transformation of high-sensitivity C-reactive protein, LDLc: low-density lipoprotein cholesterol.

Male data (n=21803) are presented in the lower left triangle and female data (n=1150) are presented in the upper right triangle.
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Table 3. Multiple linear regressions using blood pressure as a dependent variable.

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

Independent variables PRC (95% ClI) SPRC P PRC (95% CI) SPRC P
Men Age (years) 0.20 (0.12-0.28) 0.08 <0.0001 0.16 (0.12-0.21) 0.11 <0.0001
BMI (kg/m2) 2.21 (1.95-2.48) 0.42 <0.000 1.27 (1.11-1.43) 0.38 <0.0001
HDL cholesterol (mg/dL) 0.30 (0.25-0.34) 0.15 <0.0001 0.19 (0.16-0.22) 0.15 <0.0001
FPG (md/dL) 0.13 (0.08-0.19) 0.11 <0.0001 0.08 (0.05-0.11) 0.10 <0.0001
LnTG (mg/dL) 6.49 (5.18-7.80) 0.25 <0.0001 4.49 (3.68-5.30) 0.27 <0.0001
LnCRP (mg/L) 0.73 (0.03-1.44) 0.01 0.04 0.39 (-0.04-0.82) 0.01 0.08
Women  Age (years) 0.20 (0.10-0.29) 0.09 <0.0001 0.08 (0.02-0.14) 0.06 0.005
BMI (kg/m?) 1.81 (1.52-2.09) 0.35 <0.0001 1.05 (0.88-1.23) 0.33 <0.0001
HDL cholesterol (mg/dL) 0.16 (0.11-0.21) 0.10 <0.0001 0.12 (0.09-0.15) 0.12 <0.0001
FPG (md/dL) 0.36 (0.27-0.44) 0.28 <0.0001 0.21 (0.15-0.26) 0.26 <0.0001
LnTG (mg/dL) 4.77 (3.06-6.47) 0.18 <0.0001 3.76 (2.70-4.82) 0.23 <0.0001
LnCRP (mg/L) 0.75 (-0.01-1.51) 0.01 0.05 0.42 (-0.05-0.89) 0.01 0.08

PRC: partial regression coefficient, Cl: confidence interval, SPRC: standardized PRC. Other abbreviations as for Table 2.

logistic regressions adopting P>0.1 as an excluding criterion,
using hypertension as a dependent variable, and age, BMI,
triglycerides, HDL cholesterol, hs-CRE LDL cholesterol,
MetS, diabetes, exercise status, smoking status and drinking
status as initial independent variables were performed.
Statistical analysis was performed using SPSS-2 (SPSS Japan,
Tokyo). Triglycerides and hs-CRP were transformed to
logarithms prior to calculation. P<0.05 was considered to be
statistically significant.

Results

Basal data are presented in Table 1. Table 2 shows Pearson’s
correlation coefficients for metabolic risk factors. The
correlation coefficients between SBP/DBP and HDL
cholesterol were not significant. Table 3 shows multiple linear
regressions using SBP/DBP as a dependent variable, and age,
BMI, FPG, triglycerides, HDL cholesterol, hs-CRP and LDL
cholesterol as initial independent variables. The standardised
partial regression coefficients of HDL cholesterol for
SBP/DBP (mmHg) were significant. Table 4 shows logistic
regressions using hypertension as a dependent variable, and
age, BMI, FPG, triglycerides, hs-CRE LDL cholesterol, MetS,
diabetes, exercise status, drinking status and smoking status
as initial independent variables. The odds ratio (OD; 95%
confidence interval [CI]) of a 1 mg/dL increment of HDL
cholesterol for hypertension was 1.03 (1.02-1.04; P<0.001) in
men and 1.03 (1.01-1.05; P=0.002) in women.

Discussion

Metabolic risk factors for MetS"” generally correlate with
correlation coefficients of approximately 0.2-0.4 (Table 2).
However, HDL cholesterol and blood pressure do not
correlate. In the present study, HDL cholesterol was
positively associated with hypertension in apparently
healthy Japanese men and women. These positive
associations have not been reported previously, and the
reason for this association is unclear. Medication and other

therapeutic intervention may not be related to the
association between HDL cholesterol and hypertension
because subjects with antihypertensive and/or
andihyperlipidaemic medication were excluded from the
present study.

It is believed that metabolic risk factors correlate through
underlying mechanisms such as increased adiposity,” insulin
resistance,’ low-grade systemic inflammation,*"*
endothelial dysfunction” and autonomic dysfunction.”
These mechanisms of MetS are associated with decreased
serum HDL cholesterol level and increased blood pressure.
Thus, the positive association between HDL cholesterol and
blood pressure cannot be attributed to these underlying
mechanisms. In the present study, smoking was negatively
associated with hypertension in men (Table 4). It is well
known that cigarette smoking is positively associated with
triglycerides and negatively associated with HDL cholesterol
in relation to insulin resistance.” Therefore, the positive
association between HDL cholesterol and blood pressure
may be partially mediated through cigarette smoking in
men. However, cigarette smoking cannot explain the
positive association between HDL cholesterol and blood
pressure because the association between HDL cholesterol
and blood pressure was independently controlled for
smoking status, and the prevalence of smoking was only
6.7% in women, although the OR of HDL cholesterol for
hypertension was 1.03 both in women and in men.

Alcohol increases serum HDL cholesterol level” and heavy
drinking may increase blood pressure.”* However, the
association between HDL cholesterol and blood pressure
was independently controlled for drinking status and, in the
present study, moderate drinkers (50-79 g alcohol per day)
represented just 15.3% of men and 1.6 % of women, while
heavy drinkers (>80 g alcohol per day) represented only
2.7% of men and 0.2% of women. Therefore, it is unlikely
that the positive association between HDL cholesterol and
hypertension results from heavy drinking, especially in
women. Thus, there may be unknown mechanisms
responsible for the weak positive association between HDL
cholesterol and blood pressure.

Cause and result relationships cannot be derived from the
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Table 4. Logistic regressions using hypertension as a dependent variable.

Men Women
Independent variables OR (95% CI) P Independent variables OR (95% CI) P
Metabolic syndrome (1, 0) 3.87 (2.55-5.89) <0.0001 Metabolic syndrome (1, 0) 5.05 (2.09-12.17) 0.0003
Age (years) 1.03 (1.01-1.05) 0.0002 Age (years) 1.05 (1.01-1.08) 0.006
BMI (kg/m2) 1.11 (1.04-1.17) 0.001 BMI (kg/m2) 1.20 (1.11-1.31) <0.0001
HDL cholesterol (mg/dL) 1.03 (1.02-1.04) <0.0001 HDL cholesterol (mg/dL) 1.03 (1.01-1.05) 0.002
LnTG (mg/dL) 1.42 (1.03-1.96) 0.03 FPG (md/dL) 1.04 (1.02-1.07) 0.002
LnCRP (mg/L) 1.14 (0.99-1.32) 0.08 LnCRP (mg/L) 1.27 (0.96-1.69) 0.09
Current smoker (1, 0) 0.47 (0.34-0.66) <0.0001 Constant 3x107 <0.0001
Exercise (1, O) 1.58 (1.19-2.10) 0.002
Constant 0.0001 <0.0001

Age, BMI, FPG, LnTG, HDL cholesterol, LnCRP, LDL cholesterol, metabolic syndrome, diabetes, exercise status, smoking status, and drinking
status were used as initial independent variables. OR: odds ratio, Cl: confidence interval. Other abbreviations as for Table 2.

present study. Halperin et al. reported that men in the
highest quintile of HDL cholesterol had a 32% decreased risk
of developing hypertension compared with those in the
lowest quintile over a mean follow-up of 14.1 years.” There
may be ethnic differences in the relationship between serum
HDL cholesterol levels and incident hypertension. Some
inhibitors of cholesteryl ester transfer protein increase serum
HDL cholesterol levels, blood pressure and serum
aldosterone levels.”” Similar natural compounds may exist in
some hypertensive patients.

It is possible that the increase in HDL cholesterol in
hypertensive individuals is associated with an increased
percentage of dysfunctional HDL. Furthermore, factors
associated with hypertension (e.g., inflammation and
oxidative stress) may contribute to disturbance of HDL
metabolism and thus reduced recycling and renovation of
HDL, resulting in higher serum HDL cholesterol levels.
Some HDL particles in hypertensive individuals may not
function to protect LDL from oxidation nor control
cholesterol efflux from vascular walls. O
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