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Background: Recent studies have suggested that high density lipoprotein (HDL) cholesterol is inversely associated with the de-
velopment of hypertension. We aimed to determine the association between different HDL cholesterol subclasses and risk of fu-
ture hypertension.
Methods: A total of 270 Japanese Americans (130 men, 140 women) without hypertension between the ages of 34 to 75 years 
were enrolled. Blood pressure was measured with a mercury sphygmomanometer, and average blood pressure was calculated. In-
cident hypertension was determined 5 to 6 and 10 to 11 years after enrollment. HDL2, HDL3, and total HDL cholesterol were 
measured at baseline.
Results: During 10 years of follow-up, the cumulative incidence of hypertension was 28.1% (76/270). In univariate analysis, age, 
diabetes, waist circumference, systolic and diastolic blood pressure, fasting glucose, insulin resistance index, total and low density 
lipoprotein cholesterol, and visceral adipose tissue were significant predictors for incident hypertension. Among the HDL choles-
terol subclass, HDL2 cholesterol was inversely associated with hypertension incidence, but both total and HDL3 cholesterol were 
not. In addition, HDL2/HDL cholesterol was inversely associated with future hypertension risk. In multivariate analysis, age 
(odds ratio [OR], 1.71; 95% confidence interval [CI], 1.26 to 2.31; P=0.001), systolic blood pressure (OR, 1.83; 95% CI, 1.31 to 
2.56; P<0.001), and HDL2/HDL cholesterol (OR, 0.71; 95% CI, 0.52 to 0.98; P=0.035), were associated with future development 
of hypertension.
Conclusion: A higher proportion of HDL2 cholesterol among total HDL cholesterol predicted a lower risk for incident hyperten-
sion. However, concentrations of total HDL, HDL2, and HDL3 cholesterol were not independent predictors of incident hyperten-
sion.
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INTRODUCTION

High blood pressure is a leading cause of cardiovascular dis-
ease and mortality worldwide. In 2000, approximately one-

fourth of the adult population had hypertension, and this 
number is estimated to increase by about 60% in 2025 [1]. In 
clinical practice, hypertension is frequently accompanied by 
other cardiovascular risk factors, including obesity, type 2 dia-

Original Article
Obesity and Metabolic Syndrome

https://doi.org/10.4093/dmj.2018.0053
pISSN 2233-6079 · eISSN 2233-6087

Diabetes Metab J 2019;43:114-122

http://crossmark.crossref.org/dialog/?doi=10.4093/dmj.2018.0053&domain=pdf&date_stamp=2018-09-28


HDL cholesterol subclass and incident hypertension

115Diabetes Metab J 2019;43:114-122 http://e-dmj.org

betes mellitus, and dyslipidemia [2].
Cardiovascular risk factors are often correlated, such that the 

presence of one often predicts the presence of others at present 
or in the future. For instance, African Americans and whites 
with high blood pressure were more likely to develop diabetes 
during a median 8.9-year follow-up period [3]. In addition, 
atherogenic dyslipidemia was associated with the development 
of hypertension in both men and women [4-6]. In the Wom-
en’s Health Study population, there was a graded association 
between baseline non-high density lipoprotein (HDL) choles-
terol level and risk for incident hypertension during over 10 
years of follow-up; an inverse association was observed with 
baseline HDL cholesterol level [4]. In the Physician’s Health 
Study population, men in the highest quintile of non-HDL 
cholesterol had a 39% higher risk of developing hypertension 
compared with those in the lowest quintile of non-HDL cho-
lesterol and the highest quintile of HDL cholesterol had a 32% 
lower risk over a mean follow-up of 14.1 years [5].

Plasma HDL particles are inhomogeneous and consist of 
different sizes, densities, apolipoprotein composition, and lipid 
content [7]. Consequently, cardiovascular protective effects 
might differ according to HDL subclass. The majority of stud-
ies on cardiovascular disease risk have suggested that HDL2 is 
more protective than HDL3 [8]. However, little is known about 
the associations between different HDL cholesterol subclass 
and risk for future development of hypertension. Therefore, 
the aim of this study was to determine associations between 
HDL cholesterol subclasses, ratios of HDL cholesterol sub-
classes, and future development of hypertension.

METHODS

Study population
The study population consisted of Japanese American men 
and women enrolled in the Japanese American Community 
Diabetes Study, a cohort of second- (Nisei) and third-genera-
tion (Sansei) Japanese Americans of 100% Japanese ancestry. A 
detailed description of the selection and recruitment of study 
subjects has been published previously [9]. In brief, study par-
ticipants were selected as volunteers from a community-wide 
comprehensive mailing list and telephone directory that in-
cluded nearly 95% of the Japanese American population in 
King County, Washington. Among 658 subjects in the original 
cohort, 262 subjects were excluded because they had hyperten-
sion at baseline. Seventy-one subjects who did not complete 

follow-up examinations at 5 to 6 and/or 10 to 11 years after 
baseline examination were also excluded from this analysis. 
Additionally, 55 subjects were excluded due to one of the fol-
lowing: (1) computed tomography (CT) data to measure ab-
dominal fat were not available at baseline (n=9); (2) taking lip-
id-lowering medications at baseline and/or at follow-up (n= 
52); or (3) plasma insulin was not available at baseline (n=3). 
Thus, a total of 270 subjects (130 men, 140 women) aged 34 to 
75 years (mean age of 49.5 years) were enrolled in the analysis. 
The study received approval from the University of Washing-
ton Human Subjects Division, and written informed consent 
was obtained from all subjects (Institutional Review Board 
number: 34469).

Clinical and laboratory examination
All evaluations were performed at the General Clinical Re-
search Center, University of Washington. A complete physical 
examination was performed at baseline. Personal medical his-
tory and lifestyle factors that possibly affect HDL cholesterol 
level, including cigarette smoking, alcohol consumption, and 
physical activity were determined using a standardized ques-
tionnaire. Smoking was classified into three groups (current 
smoker, past smoker, and never smoker). Alcohol consump-
tion was measured in grams per week. The Paffenbarger physi-
cal activity index questionnaire was used to determine physical 
activity level (usual kilocalories expended weekly) [10]. Daily 
dietary sodium intake in milligrams was assessed from a food 
frequency questionnaire at baseline, as described previously 
[11].

Body mass index was calculated as weight in kilograms di-
vided by the square of the height in meters. Waist circumfer-
ence was measured at the level of the umbilicus. Blood pres-
sure was measured with a mercury sphygmomanometer read 
to the nearest 2 mm Hg with subjects in a recumbent position. 
Systolic blood pressure was determined by the first perception 
of sound and diastolic blood pressure was determined at the 
disappearance of sounds (fifth-phase Korotkoff). Average 
blood pressure was calculated from the second and third of 
three consecutive measurements. Single 10-mm slice CT scans 
were performed at the abdomen to measure cross-sectional fat 
area (cm2), as described previously [12]. Visceral adipose tissue 
(VAT) and subcutaneous adipose tissue (SAT) areas were mea-
sured at the umbilicus level. Attenuation range for identifica-
tion of fat was –250 to –50 Hounsfield units.

Biochemical measurements were performed at the time of 
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sample collection using fresh samples as reported previously 
[13]. All blood samples were obtained following a 10-hour 
overnight fast. Plasma glucose was measured by the hexoki-
nase method using an autoanalyzer (Department of Laborato-
ry Medicine, University of Washington, Seattle, WA, USA). 
Plasma insulin was measured by radioimmunoassay (Diabetes 
Research Center, University of Washington, Seattle, WA, 
USA). To estimate insulin sensitivity, the homeostasis model 
assessment of insulin resistance (HOMA-IR) was used based 
on fasting glucose and insulin concentration [14]. Lipid mea-
surements were performed according to modified procedures 
of the Lipid Research Clinics (Northwest Lipid Research Labo-
ratory, Seattle, WA, USA). Total HDL cholesterol was deter-
mined in the supernatant after precipitation of apoB-contain-
ing lipoproteins with dextran sulfate. A second precipitation 
with high-molecular-weight dextran sulfate was performed on 
the supernatant containing HDL to separate HDL2 and HDL3 
subclasses [15,16].

Diabetes was defined by the presence of one of the following: 
(1) fasting glucose level ≥7.0 mmol/L; (2) treatment involving 
oral hypoglycemic agents or insulin therapy; (3) 2-hour post-
glucose load ≥11.1 mmol/L; or (4) previous history of diabetes 
in the health interview [17]. Hypertension was defined as the 
presence of one of the following: (1) systolic blood pressure 
≥140 mm Hg or diastolic blood pressure ≥90 mm Hg; (2) tak-
ing antihypertensive medications; or (3) previous diagnosis of 
hypertension in the health interview [18]. The presence of car-
diovascular disease was diagnosed by clinical history [19].

Statistical analyses
Data are expressed as mean±standard deviation (SD) or medi-
an (interquartile range) for continuous measures or as propor-
tions for categorical variables. Differences between groups 
were tested by Student t-test or Mann-Whitney U test for con-
tinuous variables and the chi-square test or Fisher’s exact test 
was used for categorical variables. Multiple logistic regression 
analysis with backward selection was used to determine wheth-
er plasma total HDL cholesterol and HDL cholesterol subclass 
were independently associated with incident hypertension. 
Odds ratios (ORs) with 95% confidence interval (CI) were cal-
culated for independent variables included in logistic models, 
with a 1-SD increment used for OR calculations for continu-
ous measurements. The presence of interaction was assessed in 
multivariate models by testing the significance of first order in-
teraction terms. A variance inflation factor >4.0 was used as 

an indicator of multicollinearity. All statistical analyses were 
performed using PASW version 18.0 (SPSS Inc., Chicago, IL, 
USA). A P value of <0.05 was considered significant.

RESULTS

Over 10 years of follow-up, more than one-fourth of subjects 
without hypertension at baseline (28.1%, 76/270) developed 
hypertension. Table 1 shows the baseline characteristics of 
study subjects by incident hypertension. Mean age was 49.5 
years and approximately half of the subjects were women. In 
terms of personal history possibly affecting plasma HDL cho-
lesterol level, there were no differences in daily alcohol con-
sumption, smoking status, and physical activity between the 
two groups. In addition, there was no difference in daily sodi-
um intake at baseline between the two groups. Compared to 
subjects with incident hypertension, those who did not prog-
ress to hypertension showed a tendency to have higher levels 
of baseline total HDL cholesterol (P=0.054). In addition, base-
line HDL2 cholesterol level was significantly higher in subjects 
who did not develop hypertension compared to those who did 
(0.51±0.35 mmol/L vs. 0.38±0.27 mmol/L, P=0.004, respec-
tively); however, no difference was noted in baseline HDL3 
cholesterol level between the two groups (P=0.507). In addi-
tion, the ratio of HDL2 to total HDL cholesterol was signifi-
cantly higher in subjects who did not develop hypertension 
compared to those who did (0.29±0.13 vs. 0.23±0.12, P= 
0.001, respectively). Subjects who developed hypertension also 
have significantly greater mean VAT area, and a borderline sig-
nificantly higher mean SAT area.

In univariate analysis, well-known risk factors for hyperten-
sion including age, waist circumference, baseline blood pres-
sures, plasma glucose level, and HOMA-IR showed positive 
associations with the development of hypertension. In addi-
tion, presence of diabetes and greater VAT were associated 
with a higher risk for incident hypertension. Total cholesterol 
and low density lipoprotein (LDL) cholesterol levels were sig-
nificantly and positively associated with future hypertension 
risk. Total HDL cholesterol was marginally associated with risk 
for incident hypertension, but this result was not statistically 
significant (OR per 1-SD increment, 0.76; 95% CI, 0.57 to 1.01; 
P=0.056). In contrast, HDL2 cholesterol (OR per 1-SD incre-
ment, 0.64; 95% CI, 0.47 to 0.88; P=0.005) was significantly 
and inversely associated with incident hypertension. No signif-
icant association was observed between HDL3 cholesterol (OR 
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per 1-SD increment, 1.09; 95% CI, 0.84 to 1.43; P=0.506) and 
future hypertension risk (Table 2). Furthermore, HDL2/HDL 
cholesterol (OR per 1-SD increment, 0.62; 95% CI, 0.47 to 0.83; 
P=0.001) was associated with a lower risk for future hyperten-
sion, respectively. Other factors possibly affecting plasma HDL 
cholesterol level or hypertension risk, including alcohol con-
sumption, smoking, physical activity, and daily sodium intake, 
did not show any association with the development of hyper-
tension in this analysis.

In multivariate analysis, model starting points for the back-
wards elimination algorithm included age, sex, baseline diabe-
tes, fasting glucose level, HOMA-IR, systolic blood pressure, 
diastolic blood pressure, LDL cholesterol, and VAT area. HDL 
cholesterol, HDL2 cholesterol, and HDL3 cholesterol were in-

cluded in each model based on univariate analysis. Waist cir-
cumference was excluded from this model because it causes 
multicollinearity with VAT. Total cholesterol and LDL choles-
terol were highly correlated with one another, but only LDL 
cholesterol was chosen for inclusion in the model due to its 
higher OR in univariate analysis. After backwards elimination, 
only age (OR per 1-SD increment, 1.57; 95% CI, 1.15 to 2.14; 
P=0.005), baseline systolic blood pressure (OR per 1-SD incre-
ment, 1.85; 95% CI, 1.33 to 2.59; P<0.001), and LDL cholester-
ol level (OR per 1-SD increment, 1.36; 95% CI, 1.00 to 1.85; 
P=0.047) were independently associated with risk of future 
hypertension. However, neither total HDL cholesterol level nor 
any subclasses were independently associated with risk for in-
cident hypertension (Table 3). No significant interactions were 

Table 1. Baseline characteristics

Characteristic Total 
(n=270)

No incident hypertension 
(n=194)

Incident hypertension 
(n=76) P value

Age, yr 49.5±11.9 47.2±11.2 55.2±11.6 <0.001

Female sex 51.9 (140) 55.2 (107) 43.4 (33) 0.083

Daily alcohol consumption, g/day 5.0±11.0 5.4±12.0 4.1±7.7 0.286

Current smoking 14.1 (38) 14.9 (29) 11.8 (9) 0.509

Weekly physical activity, kcal/wk 2,403 (1,628–3,428) 2,335 (1,609–3,327) 2,569 (1,637–3,839) 0.484

Daily sodium intake, g/day 2.39 (1.86–3.28) 2.35 (1.86–3.22) 2.42 (1.86–3.33) 0.699

Diabetes 11.5 (31) 8.8 (17) 18.4 (14) 0.025

Cardiovascular disease 1.1 (3) 0.5 (1) 2.6 (2) 0.192

Body mass index, kg/m2 23.6±3.2 23.4±3.2 24.2±3.1 0.050

Waist circumference, cm 80.0±10.2 79.0±10.4 82.5±9.1 0.007

Systolic blood pressure, mm Hg 120.4±10.2 118.4±9.8 125.7±9.3 <0.001

Diastolic blood pressure, mm Hg 73.1±7.5 72.0±7.5 76.0±6.8 <0.001

Fasting plasma glucose, mmol/L 5.31±1.45 5.12±1.11 5.80±2.02 0.006

Fasting plasma insulin, pmol/L 76.4 (55.6–104.2) 76.4 (55.6–97.2) 83.3 (62.5–118.1) 0.094

HOMA-IR 2.46 (1.86–3.44) 2.38 (1.78–3.32) 3.04 (2.18–4.23) 0.003

Total cholesterol, mmol/L 5.65±0.93 5.52±0.84 5.98±1.05 0.001

LDL cholesterol, mmol/L 3.49±0.87 3.35±0.78 3.84±0.99 <0.001

Triglyceride, mmol/L 1.13 (0.80–1.60) 1.08 (0.75–1.50) 1.27 (0.88–1.84) 0.028

HDL cholesterol, mmol/L 1.57±0.43 1.60±0.45 1.49±0.38 0.054

HDL2 cholesterol, mmol/L 0.48±0.33 0.51±0.35 0.38±0.27 0.004

HDL3 cholesterol, mmol/L 1.09±0.17 1.09±0.17 1.10±0.17 0.507

HDL2/HDL cholesterol 0.27±0.13 0.29±0.13 0.23±0.12 0.001

Subcutaneous adipose tissue, cm2 136.6 (96.7–186.7) 132.6 (91.9–182.2) 144.5 (114.3–201.3) 0.059

Visceral adipose tissue, cm2 62.8 (32.6–91.3) 52.2 (25.6–85.1) 82.0 (58.9–107.4) <0.001

Values are presented as mean±standard deviation, percentage (number), or median (interquartile range).
HOMA-IR, homeostasis model assessment of insulin resistance; LDL, low density lipoprotein; HDL, high density lipoprotein.  
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observed between sex and each of the independent variables in 
the multivariate model in predicting incident hypertension.

We next determined whether the ratio of HDL2 to total HDL 
cholesterol is associated with risk for future hypertension. The 
full model is shown using the same methodology as employed 
in Table 3. After backwards elimination, age and baseline sys-
tolic blood pressure were independently associated with inci-
dent hypertension. In addition, HDL2/HDL cholesterol ratio 
(OR per 1-SD increment, 0.71; 95% CI, 0.52 to 0.98; P=0.035) 
was inversely associated with incident hypertension, indepen-
dent of age and baseline systolic blood pressure (Table 3).

DISCUSSION

In the current prospective study performed in Japanese Amer-
ican men and women, subjects who developed incident hyper-
tension had lower baseline HDL2 cholesterol level compared 
with subjects who did not develop hypertension. In addition, 
subjects with a higher proportion of HDL2 cholesterol among 
total HDL cholesterol were associated with lower risk of future 
development of hypertension independent of age, sex, baseline 
diabetes, fasting glucose, HOMA-IR, LDL cholesterol, VAT, 
and even systolic and diastolic blood pressure. These results ar-
gue for HDL2 as the most important subclass of HDL in the 
prediction of future hypertension. 

Our results agree in part with those of previous studies [4-6]. 
Results from these studies consistently demonstrated that 
higher baseline HDL cholesterol level is independently associ-
ated with lower risk of incident hypertension. However, to the 
best of our knowledge, there has been only one prospective 
study showing the association between HDL subclass and inci-
dent hypertension [20]. The study participants were recruited 
from the Women’s Health Study population and followed up 
for 8 years. In this study, higher HDL cholesterol was associat-
ed with lower risk of incident hypertension. However, risk for 
incident hypertension differed with HDL particle size deter-
mined by nuclear magnetic resonance spectroscopy. Small and 
medium HDL particles, which constitute most of the total 
HDL particles, were associated with higher risk for incident 
hypertension whereas large HDL particles were protective 
against the development of hypertension even after adjusting 
for biomarkers of inflammation/endothelial function, hyper-
glycemia, and nonlipid risk factors. In addition, the addition of 
particle subclass resulted in better prediction for incident hy-
pertension than a model with traditional lipids and risk fac-
tors. The results partly agree with our observation that mea-
surement of HDL cholesterol subclass had additional benefits 
over total HDL cholesterol level in predicting future hyperten-
sion risk. The proportion of specific HDL cholesterol subclass-
es among total HDL cholesterol is more important than total 
HDL cholesterol level in determining future hypertension risk. 
That is, a higher proportion of large HDL2 cholesterol among 
total HDL cholesterol was inversely associated with hyperten-
sion risk. However, our current study differs from the afore-
mentioned studies [4-6,20] in showing associations between 
HDL cholesterol and/or HDL subclass and incident hyperten-
sion risk due to the following. First, all these studies included 

Table 2. Univariate logistic regression analysis for incident hy-
pertension

Variable OR (95% CI) P value

Age 2.00 (1.51–2.65) <0.001

Female sex 0.62 (0.37–1.07) 0.084

Daily alcohol consumption 0.88 (0.65–1.18) 0.378

Current smoking 0.76 (0.34–1.70) 0.510

Weekly physical activity 1.00 (0.77–1.31) 0.992

Daily sodium intake 1.14 (0.88–1.47) 0.330

Diabetes 2.35 (1.10–5.05) 0.028

Cardiovascular disease 5.22 (0.47–58.39) 0.180

Body mass index 1.30 (1.00–1.69) 0.052

Waist circumference 1.42 (1.08–1.87) 0.011

Systolic blood pressure 2.29 (1.67–3.16) <0.001

Diastolic blood pressure 1.82 (1.34–2.47) <0.001

Fasting plasma glucose 1.58 (1.16–2.17) 0.004

Fasting plasma insulin 1.26 (0.98–1.63) 0.078

HOMA-IR 1.42 (1.10–1.84) 0.008

Total cholesterol 1.66 (1.26–2.18) <0.001

LDL cholesterol 1.79 (1.35–2.37) <0.001

Triglyceride 1.12 (0.87–1.44) 0.371

HDL cholesterol 0.76 (0.57–1.01) 0.056

HDL2 cholesterol 0.64 (0.47–0.88) 0.005

HDL3 cholesterol 1.09 (0.84–1.43) 0.506

HDL2/HDL cholesterol 0.62 (0.47–0.83) 0.001

Subcutaneous adipose tissue 1.27 (0.98–1.65) 0.071

Visceral adipose tissue 1.75 (1.34–2.30) <0.001

ORs for continuous variables are presented for each 1-standard devia-
tion increment. 
OR, odds ratio; CI, confidence interval; HOMA-IR, homeostasis 
model assessment of insulin resistance; LDL, low density lipoprotein; 
HDL, high density lipoprotein.
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either men or women, and it is uncertain whether the results 
are applicable to both sexes. Our study was performed in both 
men and women together and no significant interactions were 
observed between sex and HDL cholesterol, HDL cholesterol 
subclass, and their ratios. Therefore, our results can be general-
ized to both sexes. Second, in the Women’s Health Study [4,20] 
and Physicians’ Health Study [5], baseline and incident hyper-
tension were ascertained based on self-reported hypertension 
status. In our study, blood pressure was measured using a stan-
dardized protocol with a mercury sphygmomanometer and 
average blood pressure was calculated from the second and 
third of three consecutive measurements. Third, in addition to 
conventional risk factors for hypertension, we further adjusted 
for VAT area, a strong predictor for incident hypertension in 
our previous studies [21,22].

Diverse mechanisms for the relationship between HDL cho-
lesterol subclass and incident hypertension are possible. First, 
insulin resistance is a key pathophysiologic mechanism under-
lying the clustering of multiple cardiovascular risk factors in-
cluding glucose intolerance, high blood pressure, and dyslipid-
emia [2]. Insulin sensitivity determined by the glucose disposal 
rate during the hyperinsulinemic-euglycemic clamp was posi-
tively correlated with HDL particle size. In addition, when 
study subjects were divided into insulin sensitive, insulin resis-
tant, and diabetes groups, large HDL progressively decreased 
combined with an increase in small HDL; however, no signifi-
cant difference in HDL cholesterol level was noted [23]. In the 
current study, adjustment for HOMA-IR, a surrogate measure 
of insulin resistance, and VAT, a determinant of insulin resis-
tance, did not affect the association between HDL cholesterol 

Table 3. Total HDL cholesterol, HDL subclass, or HDL2/HDL cholesterol ratio and risk of incident hypertension

Variable
Total HDL cholesterol HDL2 cholesterol HDL3 cholesterol HDL2/HDL cholesterol

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Full model

   Age 1.47 (1.00–2.16) 0.049 1.49 (1.01–2.18) 0.043 1.45 (0.99–2.13) 0.059 1.50 (1.02–2.20) 0.040

   Female sex 1.32 (0.60–2.92) 0.486 1.47 (0.67–3.23) 0.341 1.14 (0.54–2.45) 0.729 1.51 (0.69–3.33) 0.303

   Diabetes 0.98 (0.35–2.74) 0.968 0.95 (0.34–2.67) 0.927 0.99 (0.35–2.78) 0.991 0.95 (0.34–2.65) 0.915

   Systolic blood pressure 1.52 (0.99–2.33) 0.058 1.52 (0.99–2.33) 0.057 1.49 (0.97–2.29) 0.069 1.52 (0.99–2.33) 0.056

   Diastolic blood pressure 1.26 (0.83–1.90) 0.282 1.25 (0.83–1.90) 0.288 1.29 (0.85–1.95) 0.231 1.26 (0.83–1.91) 0.281

   Fasting plasma glucose 1.18 (0.78–1.78) 0.427 1.21 (0.81–1.82) 0.352 1.12 (0.74–1.68) 0.601 1.21 (0.81–1.81) 0.350

   LDL cholesterol 1.39 (1.01–1.90) 0.043 1.34 (0.98–1.85) 0.071 1.36 (0.99–1.87) 0.059 1.33 (0.96–1.83) 0.087

   HOMA-IR 1.06 (0.69–1.61) 0.803 1.02 (0.67–1.55) 0.936 1.11 (0.73–1.70) 0.617 1.01 (0.66–1.53) 0.969

   Visceral adipose tissue 1.13 (0.74–1.73) 0.577 1.10 (0.72–1.69) 0.651 1.20 (0.78–1.83) 0.401 1.08 (0.71–1.66) 0.715

   Total HDL cholesterol 0.91 (0.62–1.35) 0.650 NI NI NI

   HDL2 cholesterol NI 0.78 (0.52–1.19) 0.250 NI NI

   HDL3 cholesterol NI NI 1.16 (0.83–1.63) 0.371 NI

   HDL2/HDL cholesterol NI NI NI 0.75 (0.50–1.12) 0.157

Backward selection model

   Age 1.57 (1.15–2.14) 0.005 1.57 (1.15–2.14) 0.005 1.57 (1.15–2.14) 0.005 1.71 (1.26–2.31) 0.001

   Systolic blood pressure 1.85 (1.33–2.59) <0.001 1.85 (1.33–2.59) <0.001 1.85 (1.33–2.59) <0.001 1.83 (1.31–2.56) <0.001

   LDL cholesterol 1.36 (1.00–1.85) 0.047 1.36 (1.00–1.85) 0.047 1.36 (1.00–1.85) 0.047 NS

   Total HDL cholesterol NS NI NI NI

   HDL2 cholesterol NI NS NI NI

   HDL3 cholesterol NI NI NS NI

   HDL2/HDL cholesterol NI NI NI 0.71 (0.52–0.98) 0.035

ORs for continuous variables are presented for each 1-standard deviation increment. 
HDL, high density lipoprotein; OR, odds ratio; CI, confidence interval; LDL, low density lipoprotein; HOMA-IR, homeostasis model assess-
ment of insulin resistance; NI, not included; NS, not significant.
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subclass and incident hypertension. Thus, insulin resistance 
appears to play a partial or limited role in the association be-
tween HDL subclass and incident hypertension. Second, inter-
action between the renin-angiotensin system and dyslipidemia 
has been reported [24]. It was suggested that the vascular pro-
tective effect of HDL mediates downregulation of upregulated 
angiotensin II type 1 receptor under diabetic conditions [25]. 
In a study performed in young patients with high normal 
blood pressure, incident hypertension was more common in 
patients with elevated serum cholesterol compared to patients 
with normal cholesterol level. In particular, high plasma renin 
activity increased the risk of hypertension in subjects with 
both high cholesterol level and normal cholesterol level. The 
authors concluded that hypercholesterolemia can elevate blood 
pressure by affecting the circulating renin angiotensin system 
in patients with high normal blood pressure [26]. Third, in ad-
dition to reverse cholesterol transport, HDL has diverse car-
dioprotective properties, including anti-oxidation, anti-throm-
botic properties, anti-inflammation, and improved endothelial 
function [27]. These diverse effects on vessels may reduce 
blood pressure [27].

In the current study, total HDL cholesterol had limited value 
for predicting future development of hypertension. Similar to 
our results, baseline HDL cholesterol levels were similar be-
tween subjects who remained normotensive and subjects who 
progressed to hypertension during 8 years of follow-up in the 
Strong Heart Study [28]. In a population-based cohort study 
from Iran, HDL cholesterol level was not predictive of incident 
hypertension in both crude and adjusted models after 7 years 
of follow-up [29]. However, our results showed that specific 
HDL cholesterol subclasses, particularly expressed as the ratio 
of subclass to total HDL cholesterol, provided additional infor-
mation and had clinical relevance in predicting future risk for 
incident hypertension. In addition to predicting incident hy-
pertension, measurement of HDL cholesterol subclass might 
be useful in predicting diverse cardiometabolic risk factors. 
First, in our previous study with the same cohort, HDL2 cho-
lesterol level was more strongly associated with lower inci-
dence of type 2 diabetes mellitus than total HDL cholesterol 
level [16]. Second, in 1,155 Japanese subjects, the HDL2/HDL3 
cholesterol ratio was inversely associated with HOMA-IR and 
positively associated with high-molecular-weight adiponectin 
level. As the number of metabolic syndrome components in-
creased, the ratio gradually decreased [30]. Third, liver fat de-
termined by magnetic resonance spectroscopy was more strong-

ly correlated with HDL2 cholesterol and HDL2-to-HDL3 cho-
lesterol than total HDL cholesterol [31]. Collectively, these 
studies suggest that HDL cholesterol subclasses and their ratios 
can be used to predict a variety of cardiometabolic risk factors 
and phenotypes more accurately than simple total HDL cho-
lesterol level.

Our study has some limitations. First, our population was 
relatively small (270 subjects). Second, study participants were 
100% Japanese American, and the results may not be general-
izable to other ethnic groups. It is possible that HDL cholester-
ol subclasses have different associations with incident hyper-
tension among different ethnic groups. Third, the analytic 
method used to measure HDL cholesterol and HDL subclass 
has evolved in recent years. Methodological differences may 
explain, at least in part, the inconsistent association between 
HDL subclass and cardiovascular disease [7]. In this study, 
HDL cholesterol subclass was determined using a differential 
precipitation method; however, good agreement between HDL 
subclass measured by dextran precipitation and preparative ul-
tracentrifugation for HDL2 [32] and a novel homogeneous as-
say for HDL3 [33] were reported. Lastly, HDL cholesterol level 
may change over time; however, we did not investigate the as-
sociation between changes in total HDL cholesterol and sub-
classes and future hypertension risk.

In summary, the measurement of total HDL cholesterol con-
centration alone had a limited clinical usefulness for predicting 
future hypertension risk in this Japanese American population. 
On the other hand, HDL cholesterol subclass provided addi-
tional information compared to total HDL cholesterol in pre-
dicting the risk of incident hypertension. In particular, a higher 
proportion of HDL2 cholesterol among total HDL cholesterol 
was independently associated with a lower risk for incident hy-
pertension during 10 years of follow-up.
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