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Background: High plasma apolipoprotein B (apoB) levels have been shown to be associated with hypertension, central obesity, and 
insulin resistance in cross-sectional research. However, it is unclear whether apoB levels predict future hypertension independent of 
body composition and insulin sensitivity. Therefore, we prospectively investigated whether plasma apoB concentrations indepen-
dently predicted the risk of hypertension in a cohort of Japanese Americans. 
Methods: A total of 233 normotensive Japanese Americans (77 men, 156 women; mean age, 46.4±11.0 years) were followed over 
10 years to monitor them for the development of hypertension. Fasting plasma concentrations of apoB, glucose, and insulin were 
measured at baseline. Insulin sensitivity was estimated using the homeostasis model assessment of insulin resistance (HOMA-IR). 
The abdominal visceral and subcutaneous fat areas were measured at baseline using computed tomography. Logistic regression anal-
ysis was used to estimate the association between apoB concentrations and the odds of incident hypertension. 
Results: The 10-year cumulative incidence of hypertension was 21.5%. The baseline apoB level was found to be positively associat-
ed with the odds of incident hypertension over 10 years after adjustment for age, sex, body mass index, systolic blood pressure, ab-
dominal visceral fat area, abdominal subcutaneous fat area, total plasma cholesterol concentration, diabetes status, and HOMA-IR at 
baseline (odds ratio and 95% confidence interval for a 1-standard deviation increase, 1.89 [1.06 to 3.37]; P=0.030). 
Conclusion: Higher apoB concentrations predicted greater risks of future hypertension independent of abdominal visceral fat area 
and insulin sensitivity in Japanese Americans.
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INTRODUCTION 

Hypertension and dyslipidemia are established modifiable risk 
factors for cardiovascular disease that frequently coexist [1]. 

Several epidemiological studies have demonstrated a positive 
association between serum cholesterol levels and blood pressure 
(BP) [2-4]. Furthermore, hypertension and dyslipidemia are 
components of metabolic syndrome that may share a common 
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pathogenesis [5,6]. Dyslipidemia is characterized by elevated 
levels of triglycerides, apolipoprotein B (apoB), and small low-
density lipoprotein (LDL) particles and by reduced levels of 
high-density lipoprotein (HDL) cholesterol and apolipoprotein 
A1 [7].

The plasma apoB concentration is a direct measure of the to-
tal number of circulating atherogenic particles, including LDL, 
intermediate-density lipoprotein, and very low-density lipopro-
tein cholesterol, as well as lipoprotein(a) [8]. Several epidemio-
logical studies and randomized controlled trials have shown that 
apoB concentration is a better marker of cardiovascular disease 
risk and response to lipid-lowering therapy than LDL cholester-
ol level [9-11]. 

In some cross-sectional studies, plasma apoB concentrations 
have been found to be significantly associated with hyperten-
sion [3,4,12]. Whether a causal relationship exists between 
plasma apoB levels and hypertension is not clear from the pub-
lished cross-sectional observational research. To date, a few 
prospective studies have investigated the association between 
apoB concentrations and the development of hypertension [13-
16]. However, these prospective studies had limitations, such as 
the inclusion of either only women or only men, the inclusion of 
only young participants, or potential diagnostic inaccuracy due 
to the use of a self-reported diagnosis of hypertension.

Disturbances in apoB metabolism are strongly associated with 
visceral adiposity and insulin resistance, as apoB levels are posi-
tively correlated with the size of the visceral adipose depot and 
inversely correlated with insulin sensitivity [17]. Previous re-
ports from the Japanese American Community Diabetes Study 
have shown that greater visceral adiposity is related to both the 
prevalence and the incidence of hypertension [18-20]. However, 
the possibility exists that higher apoB concentrations may mere-
ly serve as a marker of greater visceral fat area and insulin resis-
tance and have no independent association with hypertension. 

To our knowledge, no prospective study of the association be-
tween apoB and incident hypertension has adjusted for directly-
measured abdominal fat depots and insulin sensitivity. There-
fore, we examined the relationship between baseline plasma 
apoB concentrations and the incidence of hypertension over 10 
years in a Japanese American cohort of men and women in 
whom these measures were quantified.

METHODS

Study subjects
The study population was selected from participants in a pro-

spective study of Japanese Americans (the Japanese American 
Community Diabetes Study). All participants were of 100% 
Japanese ancestry and were either second- or third-generation 
American immigrants. Previous reports provide greater detail 
on the identification, selection, and recruitment of these re-
search subjects [21]. In brief, recruitment was conducted within 
the Japanese American community in the geographic area of 
King County, Washington, USA. Resources used to identify po-
tential participants included a comprehensive mailing list and 
telephone directory resources, which together captured approxi-
mately 95% of the target population. Participants were prospec-
tively followed to assess changes in research measurements of 
interest related to health status, with follow-up assessments per-
formed 5 to 6 years and 10 to 11 years after the baseline assess-
ment. The University of Washington Human Subjects Division 
approved this study, and all subjects provided written informed 
consent (Institutional Review Board number: 34469).

Among 425 potential subjects, 126 were excluded due to hy-
pertension at baseline. Additional subjects were excluded for 
the following reasons: usage of lipid-lowering medications 
(n=3), missing computed tomography (CT) measurements of 
abdominal fat at baseline (n=8), and failure to return for or to 
complete follow-up assessments (n=55). Thus, data on a total 
of 233 subjects without hypertension at baseline were included 
in this report.

Clinical and laboratory examination
Research procedures were performed at the General Clinical 
Research Center at the University of Washington. The initial 
baseline assessment included a physical examination, as well as 
the use of a standard research questionnaire to obtain a past 
medical history and information regarding lifestyle, personal, 
and social characteristics and current medication use. Following 
a 30-minute rest period, the subject was placed in the recumbent 
position, and a mercury sphygmomanometer was employed to 
measure BP to the nearest 2 mm Hg. A total of three consecu-
tive measurements of BP were performed, with the result calcu-
lated as the mean of the last two measurements. Hypertension 
was defined as a measured systolic BP ≥140 mm Hg or diastol-
ic BP ≥90 mm Hg or as current treatment with an antihyperten-
sive medication. Smoking status was assessed, and subjects 
were dichotomously classified as current or never/past smokers. 
Alcohol consumption was also dichotomously classified as at 
least 6 g of ethanol per day or less than 6 g per day [22]. The 
Paffenbarger physical activity index instrument was used to es-
timate the amount of kilocalories typically spent being physical-
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ly active each week [23], with regular physical activity defined 
as weekly activities of moderate intensity or greater. Examples 
of physical activities of moderate or greater intensity in this in-
dex include jogging, swimming, playing tennis, gardening, ac-
tive training for sports such as soccer, and heavy manual labor 
such as mining or working as a lumberjack.

Blood was collected following an overnight 10-hour fast. The 
definition of diabetes mellitus was based on American Diabetes 
Association criteria that included 75-g oral glucose tolerance 
testing [24]. An autoanalyzer that employed the hexokinase 
method (Department of Laboratory Medicine, University of 
Washington, Seattle, WA, USA) was used to measure plasma 
glucose levels. A radioimmunoassay measurement of plasma 
insulin was performed at the Diabetes Research Center at the 
University of Washington. The homeostasis model assessment 
of insulin resistance (HOMA-IR) index was used as a proxy 
measure of insulin sensitivity and was calculated as (fasting se-
rum insulin [mIU/mL]×fasting serum glucose [mmol/L])/22.5 
[25]. Levels of total cholesterol, triglycerides, and HDL choles-

terol were measured according to the modified procedures of 
the Lipid Research Clinics, and levels of apolipoproteins B and 
A-1 were determined using radioimmunoassays (Northwest 
Lipid Research Laboratory, University of Washington, Seattle, 
WA, USA). 

Single (1-cm) CT scan slices were obtained of the abdomen at 
the level of the umbilicus as detailed previously [26]. The ab-
dominal visceral and subcutaneous fat areas were measured us-
ing density contour software. 

Statistical analysis
Continuous measurements were represented as mean±standard 
deviation (SD), and discrete or categorical measurements were 
reported as numbers and percentages. Statistical differences be-
tween means of continuous measurements were evaluated using 
the independent t test, while categorical data were analyzed us-
ing the chi-square test. Multiple logistic regression analysis was 
used to identify independent associations between baseline 
plasma apoB concentrations and incident hypertension over 10 

Table 1. Baseline Characteristics of Subjects by Incident Hypertension at 10-Year Follow-up

Characteristic Total
 (n=233)

Normotensive at follow-up 
(n=183)

Hypertensive at follow-up
(n=50) P value

Age, yr 46.4±11.0 45.1±10.4 51.1±11.9 0.002

Female sex 156 (67.0) 119 (65.0) 37 (74.0) 0.232

BMI, kg/m2 23.4±3.2 23.1±3.2 24.1±3.3 0.059

Systolic BP, mm Hg 119.3±10.1 117.1±9.4 126.2±9.4 <0.001

Diastolic BP, mm Hg 72.4±7.4 71.4±7.4 76.0±6.1 <0.001

Current smoker 36 (15.5) 30 (16.4) 6 (12.0) 0.446

Moderate or higher alcohol consumption 42 (18.0) 34 (18.6) 8 (16.0) 0.674

Regular physical activity 48 (20.6) 40 (21.9) 8 (16.0) 0.364

Diabetes mellitus 21 (9.0) 12 (6.6) 9 (18.0) 0.012

Fasting plasma glucose, mg/dL 90.6±15.0 88.6±11.1 98.2±23.1 0.006

Fasting insulin, μU/mL 13.2±6.3 12.8±6.2 14.8±6.2 0.045

HOMA-IR 3.00±1.67 2.83±1.57 3.63±1.85 0.003

Total cholesterol, mg/dL 218±36 214±34 231±40 0.002

Triglycerides, mg/dL 119±109 119±119 119±57 0.991

HDL-C, mg/dL 63±17 63±18 60±15 0.156

ApoB, g/L 1.08±0.26 1.04±0.23 1.22±0.29 <0.001

ApoA-1, g/L 1.55±0.32 1.54±0.30 1.57±0.37 0.498

Abdominal visceral fat area, cm2 61.4±38.4 56.5±37.9 79.4±35.1 <0.001

Abdominal subcutaneous fat area, cm2 160.9±78.2 150.4±76.9 199.6±71.0 <0.001

Values are expressed as mean±standard deviation or number (%).
BMI, body mass index; BP, blood pressure; HOMA-IR, homeostasis model assessment of insulin resistance; HDL-C, high-density lipoprotein cholester-
ol; apo, apolipoprotein.
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years while adjusting for covariates. Odds ratios (ORs) were 
obtained from coefficients for independent variables in the lo-
gistic regression models, and 95% confidence intervals (CIs) 
were estimated. ORs for independent variables were calculated 
using 1-SD increments. The presence of effect modification was 
tested via the insertion of first-order interaction terms into the 

regression models. Data analysis was performed using the IBM 
SPSS Statistics for Windows version 22.0 software package 
(IBM Corp., Armonk, NY, USA). The threshold for statistical 
significance was set at a two-sided P value <0.05.

RESULTS

At baseline, study participants had a mean age of 46.4 years and 
a mean body mass index (BMI) of 23.4 kg/m2, and 33.0% were 
men (Table 1). Over a 10-year follow-up period, 50 of the 233 
participants (21.5%) developed hypertension. At baseline, those 
who later developed hypertension tended to be older and to 
have higher systolic BP, diastolic BP, HOMA IR, and levels of 
fasting plasma glucose, total cholesterol, and apoB than those 
who did not develop hypertension. With regard to lifestyle fac-
tors that may affect hypertension risk, no differences were ob-
served in smoking status, alcohol consumption, and physical 
activity between the two groups. Although BMI was similar be-
tween the two groups, subjects who developed hypertension 
had significantly larger abdominal visceral and subcutaneous fat 
areas than subjects who did not.

In the univariate logistic regression analysis, age, BP, diabetes 
mellitus status, fasting plasma glucose level, fasting insulin lev-
el, HOMA-IR, and abdominal visceral and subcutaneous fat ar-
eas were associated with the incidence of hypertension (Table 
2). In addition, levels of total cholesterol and apoB, but not tri-
glycerides, HDL cholesterol, or apolipoprotein A1, showed pos-
itive associations with the development of hypertension. 

We next examined multivariable models to determine wheth-
er baseline apoB concentration independently predicted incident 
hypertension over 10 years of follow-up. We found that apoB 
levels were independently associated with the odds of future 
hypertension after adjustment for age, sex, BMI, systolic BP, 

Table 2. Unadjusted Relative Odds of Incident Hypertension

Variable OR (95% CI) P value

Age 1.66 (1.23–2.25) 0.001

Female sex 1.53 (0.76–3.09) 0.234

BMI 1.34 (0.99–1.82) 0.061

Systolic BP 2.92 (1.96–4.37) <0.001

Diastolic BP 2.08 (1.42–3.05) <0.001

Current smoking 0.70 (0.27–1.78) 0.448

Moderate alcohol consumption 0.84 (0.36–1.94) 0.674

Regular physical activity 0.68 (0.30–1.57) 0.366

Diabetes mellitus 3.13 (1.24–7.92) 0.016

Fasting plasma glucose 1.84 (1.26–2.68) 0.002

Fasting insulin 1.34 (1.00–1.80) 0.048

HOMA-IR 1.53 (1.14–2.04) 0.004

Total cholesterol 1.64 (1.18–2.26) 0.003

Triglycerides 1.00 (0.73–1.37) 0.991

HDL-C 0.79 (0.56–1.10) 0.156

ApoB 2.07 (1.47–2.90) <0.001

ApoA-1 1.11 (0.82–1.51) 0.497

Abdominal visceral fat area 1.76 (1.29–2.40) <0.001

Abdominal subcutaneous fat area 1.84 (1.34–2.54) <0.001

ORs for continuous variables reflect a 1-standard deviation increase.
OR, odds ratio; CI, confidence interval; BMI, body mass index; BP, 
blood pressure; HOMA-IR, homeostasis model assessment of insulin 
resistance; HDL-C, high-density lipoprotein cholesterol; apo, apolipo-
protein.

Table 3. Multivariate Logistic Regression Analysis of the Odds of Incident Hypertension at 10-Year Follow-up in Relation to ApoB Con-
centration at Baseline

Model Variables included in the model OR (95% CI) P value

Model 1 Age, sex, BMI, and systolic BP 1.73 (1.15–2.61) 0.008

Model 2 Model 1 variables+HOMA-IR 1.72 (1.14–2.59) 0.009

Model 3 Model 1 variables+abdominal visceral and subcutaneous fat areas 1.73 (1.15–2.62) 0.009

Model 4 Model 1 variables+HOMA-IR+abdominal visceral and subcutaneous fat areas 1.73 (1.15–2.62) 0.009

Model 5 Model 4 variables+total cholesterol+diabetes mellitus 1.89 (1.06–3.37) 0.030

ORs for continuous variables reflect a 1-standard deviation increase.
apo, apolipoprotein; OR, odds ratio; CI, confidence interval; BMI, body mass index; BP, blood pressure; HOMA-IR, homeostasis model assessment of 
insulin resistance.
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and abdominal visceral and subcutaneous fat areas (Table 3, 
model 4). The relationship between apoB and hypertension re-
mained significant when further adjusted for total cholesterol 
level, diabetes status, and HOMA-IR (Table 3, model 5). We 
examined the first-order interaction term between apoB and sex 
in the prediction of incident hypertension in model 5 of Table 3, 
but found it to not be statistically significant (interaction term 
coefficient, −0.723; P=0.130). 

A subgroup analysis was performed among participants with-
out diabetes by excluding the 21 subjects with this diagnosis 
and repeating the analyses that generated model 5 from Table 3. 
Baseline apoB concentration remained a significant indepen-
dent predictor of hypertension over 10 years in this subgroup 
analysis (model 5: OR per 1-SD increase, 2.43; 95% CI, 1.29 to 
4.59; P=0.006).

DISCUSSION 

These prospective data showed that a greater baseline apoB 
concentration was independently associated with a higher risk 
of incident hypertension over 10 years in Japanese Americans. 
The association between baseline apoB concentration and inci-
dent hypertension over 10 years could not be explained by over-
all or abdominal adiposity measures, glycemia, insulin sensitiv-
ity, total cholesterol level, or demographic factors included in 
regression models as covariates.

Previous prospective studies of the relationship between apoB 
concentrations and the future development of hypertension have 
reported findings consistent with ours, but those studies did not 
adjust for visceral adiposity as measured by imaging and incon-
sistently adjusted for insulin sensitivity. In the Women’s Health 
Study, which consisted of mostly Caucasian women followed 
for 8 years, higher apoB levels were found to be associated with 
a greater risk of hypertension [15]. As this result was not adjust-
ed for central adiposity or insulin sensitivity, it does not provide 
evidence for an independent association between apoB levels 
and the development of hypertension. In a 5.9-year follow-up of 
middle-aged and elderly Turkish subjects, apoB concentrations 
were found to be associated with new-onset hypertension after 
adjustment for waist circumference in women, but this relation-
ship was not found in men [13]. However, a study of middle-
aged Finnish men during a 7-year follow-up period showed that 
apoB concentrations predicted the onset of hypertension inde-
pendently of waist circumference and fasting insulin level [14]. 
In addition, in young Finnish men and women, apoB levels pre-
dicted incident hypertension over 6 years independently of 

HOMA-IR [16].
The present study differs from the aforementioned ones in the 

following respects. First, we included both men and women, 
and we did not find a significant interaction between sex and 
apoB levels. Our results therefore apply to both sexes. Second, 
we adjusted for abdominal visceral and subcutaneous fat areas 
as quantified by CT scans. This is a more accurate method of 
measuring abdominal fat distribution than is waist circumfer-
ence, as the latter cannot be used to distinguish between fat ac-
cumulation in the visceral or abdominal subcutaneous depots 
and typically demonstrates only a moderate correlation with 
visceral fat as measured by imaging [27]. Third, this is the first 
prospective Asian population-based study to demonstrate an in-
dependent role of apoB levels in predicting incident hyperten-
sion.

Visceral adiposity is known to be associated with both insulin 
resistance and increased hepatic apoB secretion due to greater 
delivery of free fatty acids to the liver via the portal vein [28]. 
Cross-sectional research has shown plasma apoB concentrations 
to be strongly correlated with abdominal visceral fat accumula-
tion [17]. Therefore, it is plausible that the relationship between 
high apoB concentration and incident hypertension may be me-
diated by the accumulation of visceral fat. However, based on 
our data, the presence of an association between hypertension 
and high plasma apoB concentrations independently of visceral 
adiposity and insulin resistance suggests a separate role for 
apoB in the pathogenesis of hypertension. Therefore, plasma 
apoB level has the potential to be valuable in the identification 
of persons at relatively high risk of hypertension, and research 
into its pathogenesis is likely warranted. 

Current biological information suggests several potential 
mechanisms by which a high apoB concentration may result in 
hypertension. First, the infiltration and retention of apoB-con-
taining lipoproteins in the arterial wall is a critical initiating 
event that sparks an inflammatory response and promotes endo-
thelial dysfunction and the development of hypertension [29]. 
Plasma apoB concentrations have been found to be inversely 
associated with flow-mediated vasodilation, a widely-used mea-
sure of endothelial dysfunction in both healthy and obese indi-
viduals with type 2 diabetes [16,30]. Second, apoB has a patho-
genic role in the development of atherosclerosis. Research has 
demonstrated that direct interaction between apoB and proteo-
glycans in the subendothelial space initiates an early stage of 
atherosclerosis [31]. Progressive atherosclerosis can result in 
structural changes in large arteries, leading to BP elevation [32]. 
Third, inflammation due to increased apoB concentrations can 
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lead to hypertension. Elevated apoB levels have been found to 
be associated with higher concentrations of inflammatory mark-
ers such as C-reactive protein TNF-α, interleukin-6 [33]. These 
inflammatory response shown to be possibly involved in the 
pathogenesis of hypertension [34]. However, previous research 
has also shown that apoB concentration predicts the incidence 
of hypertension independently of the C-reactive protein level, 
thereby diminishing the likelihood of an inflammatory mecha-
nism explaining this association [13,16].

The associations between apoB levels and inflammation, en-
dothelial function, and atherosclerosis suggest potential utility 
for the measurement of apoB in the prediction of cardiovascular 
disease risk. Importantly, apoB measurement is widely avail-
able, standardized, and automated, and it can be carried out with 
excellent precision on fresh or frozen samples [35]. Further-
more, as the measurement of apoB levels does not require fast-
ing, it is more convenient than other lipid profiles that may re-
quire a fast.

The strengths of our study include subjects from a well-con-
ducted community-based cohort with a long-term follow-up du-
ration, imaging studies of body composition, and detailed mea-
surements of lipid and glucose metabolism. The prospective de-
sign of this study permitted measurement of apoB levels prior to 
the outcome assessment, thereby establishing temporal se-
quence to permit better assessment of potential causality, which 
is not possible in most cross-sectional research. However, our 
study has some potential limitations. First, the findings are from 
Japanese Americans of 100% Japanese ancestry, and it is un-
known whether these results can be applied to other ethnic 
groups. Second, BP was measured with a standard protocol in 
the recumbent position, but current guidelines advise its mea-
surement in the sitting position [36]. Third, the number of par-
ticipants was relatively small; nevertheless, the study was ade-
quately powered to detect several significant predictors of inci-
dent hypertension. Lastly, inflammatory markers were not mea-
sured in this study. Hence, we were unable to explore whether 
such markers may mediate the association between apoB level 
and hypertension. 

In summary, high plasma apoB concentrations predicted fu-
ture hypertension in Japanese Americans after adjustment for 
conventional cardiovascular disease risk factors, direct mea-
surements of abdominal fat depots, and insulin sensitivity as 
measured by HOMA-IR. These results provide a valuable per-
spective in understanding the association between apoB levels 
and hypertension by demonstrating the independence of this as-
sociation from several other factors associated with both lipid 

concentrations and hypertension risk. Further research is re-
quired to confirm this association in other racial and ethnic 
groups and to better understand the pathophysiological mecha-
nisms linking apoB levels and incident hypertension. 
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