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Abstract
BackgroundRecent studies have suggested that high density lipoprotein (HDL) cholesterol is inversely associated with the development of hypertension. We aimed to determine the association between different HDL cholesterol subclasses and risk of future hypertension.

MethodsA 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. Incident hypertension was determined 5 to 6 and 10 to 11 years after enrollment. HDL2, HDL3, and total HDL cholesterol were measured at baseline.

ResultsDuring 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 cholesterol 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.

ConclusionA higher proportion of HDL2 cholesterol among total HDL cholesterol predicted a lower risk for incident hypertension. However, concentrations of total HDL, HDL2, and HDL3 cholesterol were not independent predictors of incident hypertension.
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INTRODUCTION
High blood pressure is a leading cause of cardiovascular disease 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 diabetes 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, 5, 6]. In the Women's Health Study population, there was a graded association between baseline non-high density lipoprotein (HDL) cholesterol 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 cholesterol 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 studies 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 subclasses, 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-generation (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 participants were selected as volunteers from a community-wide comprehensive mailing list and telephone directory that included 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 hypertension 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 following: (1) computed tomography (CT) data to measure abdominal fat were not available at baseline (n=9); (2) taking lipid-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 Washington 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 Research Center, University of Washington. A complete physical examination was performed at baseline. Personal medical history and lifestyle factors that possibly affect HDL cholesterol level, including cigarette smoking, alcohol consumption, and physical activity were determined using a standardized questionnaire. Smoking was classified into three groups (current smoker, past smoker, and never smoker). Alcohol consumption was measured in grams per week. The Paffenbarger physical 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 divided by the square of the height in meters. Waist circumference was measured at the level of the umbilicus. Blood pressure 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 measured at the umbilicus level. Attenuation range for identification of fat was -250 to -50 Hounsfield units.
Biochemical measurements were performed at the time of 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 hexokinase method using an autoanalyzer (Department of Laboratory 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 measurements were performed according to modified procedures of the Lipid Research Clinics (Northwest Lipid Research Laboratory, Seattle, WA, USA). Total HDL cholesterol was determined in the supernatant after precipitation of apoB-containing 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) taking antihypertensive medications; or (3) previous diagnosis of hypertension in the health interview [18]. The presence of cardiovascular disease was diagnosed by clinical history [19].

Statistical analyses
Data are expressed as mean±standard deviation (SD) or median (interquartile range) for continuous measures or as proportions for categorical variables. Differences between groups were tested by Student t-test or Mann-Whitney U test for continuous 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 whether plasma total HDL cholesterol and HDL cholesterol subclass were independently associated with incident hypertension. Odds ratios (ORs) with 95% confidence interval (CI) were calculated for independent variables included in logistic models, with a 1-SD increment used for OR calculations for continuous measurements. The presence of interaction was assessed in multivariate models by testing the significance of first order interaction 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 cholesterol level, there were no differences in daily alcohol consumption, smoking status, and physical activity between the two groups. In addition, there was no difference in daily sodium intake at baseline between the two groups. Compared to subjects with incident hypertension, those who did not progress to hypertension showed a tendency to have higher levels of baseline total HDL cholesterol (P=0.054). In addition, baseline 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, respectively); however, no difference was noted in baseline HDL3 cholesterol level between the two groups (P=0.507). In addition, the ratio of HDL2 to total HDL cholesterol was significantly 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 significantly higher mean SAT area.
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.




In univariate analysis, well-known risk factors for hypertension including age, waist circumference, baseline blood pressures, plasma glucose level, and HOMA-IR showed positive associations with the development of hypertension. In addition, 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 significantly 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 increment, 0.64; 95% CI, 0.47 to 0.88; P=0.005) was significantly and inversely associated with incident hypertension. No significant association was observed between HDL3 cholesterol (OR 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 hypertension, respectively. Other factors possibly affecting plasma HDL cholesterol level or hypertension risk, including alcohol consumption, smoking, physical activity, and daily sodium intake, did not show any association with the development of hypertension in this analysis.
Table 2
Univariate logistic regression analysis for incident hypertension	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 deviation increment.
OR, odds ratio; CI, confidence interval; HOMA-IR, homeostasis model assessment of insulin resistance; LDL, low density lipoprotein; HDL, high density lipoprotein.




In multivariate analysis, model starting points for the backwards elimination algorithm included age, sex, baseline diabetes, fasting glucose level, HOMA-IR, systolic blood pressure, diastolic blood pressure, LDL cholesterol, and VAT area. HDL cholesterol, HDL2 cholesterol, and HDL3 cholesterol were included in each model based on univariate analysis. Waist circumference was excluded from this model because it causes multicollinearity with VAT. Total cholesterol and LDL cholesterol 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 increment, 1.85; 95% CI, 1.33 to 2.59; P<0.001), and LDL cholesterol 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 incident hypertension (Table 3). No significant interactions were observed between sex and each of the independent variables in the multivariate model in predicting incident hypertension.
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 assessment of insulin resistance; NI, not included; NS, not significant.




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 systolic blood pressure were independently associated with incident 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, independent of age and baseline systolic blood pressure (Table 3).

DISCUSSION
In the current prospective study performed in Japanese American men and women, subjects who developed incident hypertension 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 argue 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, 5, 6]. Results from these studies consistently demonstrated that higher baseline HDL cholesterol level is independently associated 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 incident 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 associated with lower risk of incident hypertension. However, risk for incident hypertension differed with HDL particle size determined 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, hyperglycemia, and nonlipid risk factors. In addition, the addition of particle subclass resulted in better prediction for incident hypertension than a model with traditional lipids and risk factors. The results partly agree with our observation that measurement of HDL cholesterol subclass had additional benefits over total HDL cholesterol level in predicting future hypertension risk. The proportion of specific HDL cholesterol subclasses 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 hypertension risk. However, our current study differs from the aforementioned studies [4, 5, 6, 20] in showing associations between HDL cholesterol and/or HDL subclass and incident hypertension risk due to the following. First, all these studies included 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 generalized to both sexes. Second, in the Women's Health Study [4, 20] and Physicians' Health Study [5], baseline and incident hypertension were ascertained based on self-reported hypertension status. In our study, blood pressure was measured using a standardized 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 cholesterol subclass and incident hypertension are possible. First, insulin resistance is a key pathophysiologic mechanism underlying the clustering of multiple cardiovascular risk factors including glucose intolerance, high blood pressure, and dyslipidemia [2]. Insulin sensitivity determined by the glucose disposal rate during the hyperinsulinemic-euglycemic clamp was positively correlated with HDL particle size. In addition, when study subjects were divided into insulin sensitive, insulin resistant, and diabetes groups, large HDL progressively decreased combined with an increase in small HDL; however, no significant 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 resistance, did not affect the association between HDL cholesterol subclass and incident hypertension. Thus, insulin resistance appears to play a partial or limited role in the association between HDL subclass and incident hypertension. Second, interaction between the renin-angiotensin system and dyslipidemia has been reported [24]. It was suggested that the vascular protective 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 addition to reverse cholesterol transport, HDL has diverse cardioprotective properties, including anti-oxidation, anti-thrombotic 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 between 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 information and had clinical relevance in predicting future risk for incident hypertension. In addition to predicting incident hypertension, measurement of HDL cholesterol subclass might be useful in predicting diverse cardiometabolic risk factors. First, in our previous study with the same cohort, HDL2 cholesterol level was more strongly associated with lower incidence 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 increased, the ratio gradually decreased [30]. Third, liver fat determined by magnetic resonance spectroscopy was more strongly correlated with HDL2 cholesterol and HDL2-to-HDL3 cholesterol 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 cholesterol 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 generalizable to other ethnic groups. It is possible that HDL cholesterol subclasses have different associations with incident hypertension 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 ultracentrifugation for HDL2 [32] and a novel homogeneous assay for HDL3 [33] were reported. Lastly, HDL cholesterol level may change over time; however, we did not investigate the association between changes in total HDL cholesterol and subclasses and future hypertension risk.
In summary, the measurement of total HDL cholesterol concentration alone had a limited clinical usefulness for predicting future hypertension risk in this Japanese American population. On the other hand, HDL cholesterol subclass provided additional information compared to total HDL cholesterol in predicting 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 hypertension during 10 years of follow-up.


Notes
CONFLICTS OF INTEREST:No potential conflict of interest relevant to this article was reported.


ACKNOWLEDGMENTS
We are grateful to the King County Japanese-American community for support and cooperation. VA Puget Sound Health Care System provided support for Drs. Boyko and Kahn's involvement in this research.
This work was supported by National Institutes of Health Grants DK-31170 and HL-49293; facilities and services were provided by the Diabetes Research Center (DK-17047), Clinical Nutrition Research Unit (DK-35816), and the General Clinical Research Center (RR-00037) at the University of Washington.



ORCID iDs
You-Cheol Hwanghttps://orcid.org//0000-0003-4033-7874



References
	
      
        Kearney PM, 
        Whelton M, 
        Reynolds K. 
        Muntner P, 
        Whelton PK, 
        He J, 
      
      Global burden of hypertension: analysis of worldwide data. 
      Lancet 
      2005;
      365
      :217.
      
    
[image: image][image: image]
	
      
        Kahn R, 
        Buse J. 
        Ferrannini E, 
        Stern M, 
      
      American Diabetes Association; 
      European Association for the Study of Diabetes. 
      The metabolic syndrome: time for a critical appraisal: joint statement from the American Diabetes Association and the European Association for the Study of Diabetes. 
      Diabetes Care 
      2005;
      28
      :2289.
      
    
[image: image][image: image]
	
      
        Wei GS, 
        Coady SA, 
        Goff DC Jr, 
        Brancati FL. 
        Levy D, 
        Selvin E, 
        Vasan RS, 
        Fox CS, 
      
      Blood pressure and the risk of developing diabetes in African Americans and whites: ARIC, CARDIA, and the framingham heart study. 
      Diabetes Care 
      2011;
      34
      :873.
      
    
[image: image][image: image]
	
      
        Sesso HD, 
        Buring JE, 
        Chown MJ, 
        Ridker PM, 
        Gaziano JM, 
      
      A prospective study of plasma lipid levels and hypertension in women. 
      Arch Intern Med 
      2005;
      165
      :2420.
      
    
[image: image][image: image]
	
      
        Halperin RO, 
        Sesso HD, 
        Ma J. 
        Buring JE, 
        Stampfer MJ, 
        Gaziano JM, 
      
      Dyslipidemia and the risk of incident hypertension in men. 
      Hypertension 
      2006;
      47
      :45.
      
    
[image: image][image: image]
	
      
        Laaksonen DE, 
        Niskanen L, 
        Nyyssonen K. 
        Lakka TA, 
        Laukkanen JA, 
        Salonen JT, 
      
      Dyslipidaemia as a predictor of hypertension in middle-aged men. 
      Eur Heart J 
      2008;
      29
      :2561.
      
    
[image: image][image: image]
	
      
        Movva R. 
        Rader DJ, 
      
      Laboratory assessment of HDL heterogeneity and function. 
      Clin Chem 
      2008;
      54
      :788.
      
    
[image: image][image: image]
	
      
        Krauss RM, 
      
      Lipoprotein subfractions and cardiovascular disease risk. 
      Curr Opin Lipidol 
      2010;
      21
      :305.
      
    
[image: image][image: image]
	
      
        Fujimoto WY, 
        Leonetti DL, 
        Kinyoun JL. 
        Shuman WP, 
        Stolov WC, 
        Wahl PW, 
      
      Prevalence of complications among second-generation Japanese-American men with diabetes, impaired glucose tolerance, or normal glucose tolerance. 
      Diabetes 
      1987;
      36
      :730.
      
    
[image: image][image: image]
	
      
        Paffenbarger RS Jr, 
        Wing AL, 
        Hyde RT, 
      
      Physical activity as an index of heart attack risk in college alumni. 
      Am J Epidemiol 
      1978;
      108
      :161.
      
    
[image: image][image: image]
	
      
        Tsunehara CH, 
        Leonetti DL, 
        Fujimoto WY, 
      
      Diet of second-generation Japanese-American men with and without non-insulin-dependent diabetes. 
      Am J Clin Nutr 
      1990;
      52
      :731.
      
    
[image: image][image: image]
	
      
        Shuman WP, 
        Morris LL, 
        Leonetti DL, 
        Wahl PW, 
        Moceri VM, 
        Moss AA, 
        Fujimoto WY, 
      
      Abnormal body fat distribution detected by computed tomography in diabetic men. 
      Invest Radiol 
      1986;
      21
      :483.
      
    
[image: image][image: image]
	
      
        Bergstrom RW, 
        Leonetti DL, 
        Newell-Morris LL. 
        Shuman WP, 
        Wahl PW, 
        Fujimoto WY, 
      
      Association of plasma triglyceride and C-peptide with coronary heart disease in Japanese-American men with a high prevalence of glucose intolerance. 
      Diabetologia 
      1990;
      33
      :489.
      
    
[image: image][image: image]
	
      
        Matthews DR, 
        Hosker JP, 
        Rudenski AS. 
        Naylor BA, 
        Treacher DF, 
        Turner RC, 
      
      Homeostasis model assessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin concentrations in man. 
      Diabetologia 
      1985;
      28
      :412.
      
    
[image: image][image: image]
	
      
        Warnick GR, 
      
      Enzymatic methods for quantification of lipoprotein lipids. 
      Methods Enzymol 
      1986;
      129
      :101.
      
    
[image: image][image: image]
	
      
        Hwang YC, 
        Hayashi T, 
        Fujimoto WY, 
        Kahn SE, 
        Leonetti DL, 
        McNeely MJ, 
        Boyko EJ, 
      
      Differential association between HDL subclasses and the development of type 2 diabetes in a prospective study of Japanese Americans. 
      Diabetes Care 
      2015;
      38
      :2100.
      
    
[image: image][image: image]
	
      Report of the expert committee on the diagnosis and classification of diabetes mellitus. 
      Diabetes Care 
      1997;
      20
      :1183.
      
    
[image: image]
	
      
        Chobanian AV, 
        Bakris GL, 
        Black HR, 
        Cushman WC, 
        Green LA, 
        Izzo JL Jr, 
        Jones DW, 
        Materson BJ, 
        Oparil S, 
        Wright JT Jr, 
        Roccella EJ, 
      
      National Heart, Lung, and Blood Institute Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure; 
      National High Blood Pressure Education Program Coordinating Committee. 
      The seventh report of the Joint National Committee on prevention, detection, evaluation, and treatment of high blood pressure: the JNC 7 report. 
      JAMA 
      2003;
      289
      :2560.
      
    
[image: image][image: image]
	
      
        Hwang YC, 
        Fujimoto WY, 
        Hayashi T. 
        Kahn SE, 
        Leonetti DL, 
        Boyko EJ, 
      
      Increased visceral adipose tissue is an independent predictor for future development of atherogenic dyslipidemia. 
      J Clin Endocrinol Metab 
      2016;
      101
      :678.
      
    
[image: image][image: image]
	
      
        Paynter NP, 
        Sesso HD, 
        Conen D, 
        Otvos JD, 
        Mora S, 
      
      Lipoprotein subclass abnormalities and incident hypertension in initially healthy women. 
      Clin Chem 
      2011;
      57
      :1178.
      
    
[image: image][image: image]
	
      
        Hayashi T, 
        Boyko EJ, 
        Leonetti DL, 
        McNeely MJ, 
        Newell-Morris L, 
        Kahn SE, 
        Fujimoto WY, 
      
      Visceral adiposity is an independent predictor of incident hypertension in Japanese Americans. 
      Ann Intern Med 
      2004;
      140
      :992.
      
    
[image: image][image: image]
	
      
        Sullivan CA, 
        Kahn SE, 
        Fujimoto WY. 
        Hayashi T, 
        Leonetti DL, 
        Boyko EJ, 
      
      Change in intra-abdominal fat predicts the risk of hypertension in Japanese Americans. 
      Hypertension 
      2015;
      66
      :134.
      
    
[image: image][image: image]
	
      
        Garvey WT, 
        Kwon S, 
        Zheng D, 
        Shaughnessy S, 
        Wallace P. 
        Hutto A, 
        Pugh K, 
        Jenkins AJ, 
        Klein RL, 
        Liao Y, 
      
      Effects of insulin resistance and type 2 diabetes on lipoprotein subclass particle size and concentration determined by nuclear magnetic resonance. 
      Diabetes 
      2003;
      52
      :453.
      
    
[image: image][image: image]
	
      
        Singh BM. 
        Mehta JL, 
      
      Interactions between the renin-angiotensin system and dyslipidemia: relevance in the therapy of hypertension and coronary heart disease. 
      Arch Intern Med 
      2003;
      163
      :1296.
      
    
[image: image][image: image]
	
      
        Van Linthout S, 
        Spillmann F, 
        Lorenz M, 
        Meloni M, 
        Jacobs F. 
        Egorova M, 
        Stangl V, 
        De Geest B, 
        Schultheiss HP, 
        Tschope C, 
      
      Vascular-protective effects of high-density lipoprotein include the downregulation of the angiotensin II type 1 receptor. 
      Hypertension 
      2009;
      53
      :682.
      
    
[image: image][image: image]
	
      
        Borghi C, 
        Veronesi M, 
        Cosentino E, 
        Cicero AF, 
        Kuria F, 
        Dormi A, 
        Ambrosioni E, 
      
      Interaction between serum cholesterol levels and the renin-angiotensin system on the new onset of arterial hypertension in subjects with high-normal blood pressure. 
      J Hypertens 
      2007;
      25
      :2051.
      
    
[image: image][image: image]
	
      
        Barter PJ, 
      
      The causes and consequences of low levels of high density lipoproteins in patients with diabetes. 
      Diabetes Metab J 
      2011;
      35
      :101.
      
    
[image: image][image: image][image: image][image: image][image: image]
	
      
        de Simone G, 
        Devereux RB, 
        Chinali M, 
        Roman MJ. 
        Best LG, 
        Welty TK, 
        Lee ET, 
        Howard BV, 
      
      Strong Heart Study Investigators. 
      Risk factors for arterial hypertension in adults with initial optimal blood pressure: the Strong Heart Study. 
      Hypertension 
      2006;
      47
      :162.
      
    
[image: image][image: image]
	
      
        Talaei M, 
        Sadeghi M, 
        Mohammadifard N. 
        Shokouh P, 
        Oveisgharan S, 
        Sarrafzadegan N, 
      
      Incident hypertension and its predictors: the Isfahan Cohort Study. 
      J Hypertens 
      2014;
      32
      :30.
      
    
[image: image][image: image]
	
      
        Moriyama K, 
        Negami M, 
        Takahashi E, 
      
      HDL2-cholesterol/HDL3-cholesterol ratio was associated with insulin resistance, high-molecular-weight adiponectin, and components for metabolic syndrome in Japanese. 
      Diabetes Res Clin Pract 
      2014;
      106
      :360.
      
    
[image: image][image: image]
	
      
        Kantartzis K, 
        Rittig K, 
        Cegan A, 
        Machann J, 
        Schick F. 
        Balletshofer B, 
        Fritsche A, 
        Schleicher E, 
        Haring HU, 
        Stefan N, 
      
      Fatty liver is independently associated with alterations in circulating HDL2 and HDL3 subfractions. 
      Diabetes Care 
      2008;
      31
      :366.
      
    
[image: image][image: image]
	
      
        Gidez LI, 
        Miller GJ, 
        Burstein M, 
        Slagle S, 
        Eder HA, 
      
      Separation and quantitation of subclasses of human plasma high density lipoproteins by a simple precipitation procedure. 
      J Lipid Res 
      1982;
      23
      :1206.
      
    
[image: image]
	
      
        Ashmaig ME, 
        Gupta S. 
        McConnell JP, 
        Warnick GR, 
      
      Validation of a novel homogeneous assay for of HDL3-C measurement. 
      Clin Chim Acta 
      2013;
      425
      :37.
      
    
[image: image][image: image]





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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Table 2

Univariate logistic regression analysis for incident hypertension	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 deviation 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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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 assessment of insulin resistance; NI, not included; NS, not significant.
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