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Cardiovascular disease is a leading cause of mortality and 
morbidity in Asian countries.1 Elevated blood pressure 
(BP)1–5 and hypercholesterolemia1,6–10 are well-established 
independent cardiovascular risk factors. Moreover, the com-
bination of these risk factors is a better predictor of the risk of 
cardiovascular disease in Western populations.11,12 In Japan, 
the Japan Lipid Intervention Trial (J-LIT) study showed 
that Japanese hypercholesterolemia patients with high sys-
tolic BP (SBP; ≥130 mm Hg) and high total cholesterol 

levels (≥220 mg/dl) treated with low-dose simvastatin had 
an increased risk of cardiovascular disease events.13 In Asia, 
the Asia Pacific Cohort Studies Collaborations (APCSC) 
demonstrated that the combination of high SBP (≥130 mm 
Hg) and high total cholesterol (≥212 mg/dl) increased the 
risks of fatal and nonfatal cardiovascular disease among 
both Western and Asian populations.14 However, the J-LIT 
and APCSC studies have some drawbacks, including rela-
tively short follow-up periods (mean follow-up period 
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background
Blood pressure (BP) and low-density lipoprotein cholesterol (LDL-C) 
are risk factors for coronary artery disease (CAD) and ischemic stroke. 
However, the hazards of their coexistence are not fully understood in 
Asian populations. We investigated whether the relationship between 
BP and cardiovascular disease (CVD) outcomes are modified by LDL-C 
level in a Japanese population.

methods
Individuals aged 30–79 years (n = 5,151) were classified into 6 groups 
according to LDL-C levels (<140 and ≥140 mg/dL or lipid medication) 
and BP levels (optimal BP, prehypertension, and hypertension; refer-
ence: low LDL-C and optimal BP). Hazard ratios (HRs) were calculated 
after adjusting for age, high-density lipoprotein cholesterol, diabetes, 
smoking status, and alcohol consumption. The effect modification of 
LDL-C on BP–CVD association was assessed using likelihood ratio tests.

results
There were 264 CAD and 215 ischemic stroke events during 13 years 
of follow-up. With low LDL-C, the HRs of prehypertension and 

hypertension for CAD were 2.01 and 4.71, respectively. Similar trends 
of HRs were observed with high LDL-C (optimal BP =  2.09, prehyper-
tension  =  3.45, hypertension  =  5.94). However, the HRs for ischemic 
stroke did not differ between normal and high LDL-C levels at the same 
BP level. The apparent effect modification of LDL-C was not observed 
in the BP–CVD association in either CAD (P = 0.48) or ischemic stroke 
(P = 0.39).

conclusions
The HRs for CAD in prehypertensive and hypertensive groups were 
higher than those in the optimal BP group at the same LDL-C levels in a 
Japanese population; however, there was no statistical effect modifica-
tion of LDL-C on the BP–CAD association.
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of approximately 6  years) and lipid profiles based on total 
cholesterol and not low-density lipoprotein cholesterol 
(LDL-C). Furthermore, the J-LIT study was a patient-based 
clinical trial,13 and the APCSC study14 did not exclusively 
involve Asian populations, which have a higher incidence of 
stroke and lower incidence of coronary artery disease (CAD) 
than Western populations.1

The purpose of our study was to examine whether the 
relationship between BP and CVD outcomes (CAD and 
ischemic stroke) is modified by LDL-C levels in a commu-
nity-based cohort study in a Japanese population.

METHODS

Population

The Suita Study, a cohort study evaluating cardiovas-
cular disease risk in an urban Japanese population, was 
established in 1989. This cohort study has been extensively 
used to evaluate risk factors associated with the incidences 
of CAD and stroke.4,15–18 The details of this study have 
been described previously.4,15–18 Briefly, 6,483 men and 
women aged 30–79  years underwent a baseline survey at 
the National Cerebral and Cardiovascular Centre (Japan) 
between September 1989 and March 1994. Subjects older 
than 80 years were excluded because it remains unconfirmed 
whether LDL-C is a risk factor for cardiovascular disease in 
the elderly population (aged ≥80  years).19 A  total of 1,332 
participants were excluded for the following reasons: history 
of CAD or stroke (n = 208); loss to follow-up (n = 535); lack 
of participation in the baseline survey (n = 78); nonfasting 
visit (n = 239); triglyceride level >400 mg/dl (n = 86); LDL-C 
≤0 (n = 1); missing total cholesterol, high-density lipopro-
tein cholesterol (HDL-C), or triglyceride data (n  =  30); 
aged ≥80 years (n = 12); and other missing data (n = 145). 
Therefore, data from the remaining 5,151 participants (men: 
n = 2,399; women: n = 2,752) were included in our analysis.

This study was approved by the institutional review 
board of the National Cerebral and Cardiovascular Centre. 
Informed consent was obtained from all participants by 
health professions at the baseline examination. The collected 
data were anonymized.

Baseline examination

Blood samples were collected at the National Cerebral 
and Cardiovascular Centre after the participants had fasted 
for at least 10 hours. The samples were immediately centri-
fuged, and a routine blood examination that included serum 
total cholesterol, HDL-C, triglyceride, and glucose levels was 
performed. LDL-C was estimated for both men and women 
using the Friedewald formula.20 Participants with triglyc-
eride levels >400 mg/dl were excluded because LDL-C esti-
mates are inaccurate among such persons.19,21,22

BP was measured by well-trained physicians using a stand-
ard mercury sphygmomanometer. After the participant had 
been in the seated position for 5 minutes, BP was measured 
3 times on the right arm, and the average of the second and 
third measurements was used in the analyses to avoid bias 
due to white coat hypertension. Because HbA1c data from 

before 1995 were unavailable, diabetes was defined accord-
ing to the American Diabetes Association 2013 guidelines as 
a fasting serum glucose level ≥126 mg/dl, the use of diabetes 
medication, or both.23,24 Height and weight were measured 
while the subjects wore socks and light clothing. Public health 
nurses obtained information about smoking status, alcohol 
consumption, and medical history of the participants.

The information about smoking and alcohol consump-
tion have been reported previously.4,15–18 Well-trained nurses 
obtained information on smoking and alcohol consumption. 
Smoking status was classified as never, ex-smoker, or current 
smoker. If a participant responded yes to “current smoker,” 
the number of cigarettes smoked per day was ascertained. 
Alcohol consumption was categorized as never drinker, ex-
drinker, or current drinker (i.e., >1 time per week).

Endpoint determination

The endpoint determination in the Suita Study has been 
described previously.4,15–18 The Suita Study is an ongoing 
cohort study, and the latest endpoint determination was 
performed on 31December 2007. The endpoints in our fol-
low-up study were as follows: (i) the date of the first CAD or 
stroke event, (ii) the date of death, (iii) the date of leaving 
Suita City, and (iv) 31 December 2007.

The first step in the CAD and stroke survey involved 
checking the health status of all participants at biennial clini-
cal visits every 2  years and through annual questionnaires 
sent by mail or administered by telephone. The second step 
involved the review of the in-hospital medical records of par-
ticipants suspected of having had CAD or stroke; the reviews 
were performed by registered hospital physicians or research 
physicians blinded to the baseline information. The diagno-
sis of stroke was based on the US National Survey of Stroke 
criteria.25 Stroke subtypes, including ischemic stroke, intrac-
erebral hemorrhage, and subarachnoid hemorrhage, were 
diagnosed on the basis of computed tomography, magnetic 
resonance imaging, or autopsy results. Definite and prob-
able acute myocardial infarction were defined according to 
the criteria of the Monitoring Trends and Determinants of 
Cardiovascular Disease (MONICA) Project.26 In addition to 
acute myocardial infarction, the criteria for CAD diagnosis 
included sudden cardiac death within 24 hours from symp-
tom onset or CAD followed by coronary artery bypass or 
angioplasty. Furthermore, myocardial infarction and stroke 
fatalities were recorded by searching for systematic death 
certificates.

Statistical analysis

BP was categorized into 3 groups; optimal BP (SBP 
<120 mm Hg and diastolic blood pressure (DBP) 
<80 mm Hg), prehypertension (SBP  =  120–139 mm Hg, 
DBP  =  80–89 mm Hg, or both), and hypertension (SBP 
≥140 mm Hg, or DBP ≥90 mm Hg, or the use of antihy-
pertensive agents). LDL-C was categorized into 2 groups; 
normal (LDL-C <140 mg/dl) or high (LDL-C ≥140 mg/dl 
or lipid medication) according to the diagnostic criteria for 
screening of the Japan Atherosclerosis Society Guidelines 
for Prevention of Atherosclerotic Cardiovascular Diseases.19 
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This guideline has set the cutoff point of LDL-C to 140 mg/dl 
as diagnostic criteria of dyslipidemia. Using the abovemen-
tioned BP and LDL-C categories, combinations of BP and 
LDL-C (3 × 2 groups) were made to estimate hazard ratios 
(HRs) with optimal BP and normal LDL-C as the reference 
group. Analysis of variance and the Bonferroni test were 
used to compare continuous variables, and the χ2 test was 
used to compare dichotomous variables.

Sex-stratified Cox proportional hazard models, accounting 
for different baseline hazards in men and women, were used 
to estimate the HRs of the combination of BP and LDL-C on 
cardiovascular disease outcomes. Age, HDL-C, smoking sta-
tus, alcohol consumption, and diabetes were included in the 
models as confounders. For the primary analysis, HRs and 
95% confidence intervals (CIs) were estimated for CAD and 
stroke events by analyzing BP as a categorical variable within 
each LDL-C group. Moreover, the association between BP 
and LDL-C was examined by comparing the HRs for CAD 
and stroke events across the 6 groups, adjusting for age, 
HDL-C, diabetes, smoking status, and alcohol consumption. 
The interaction between BP and LDL-C on cardiovascular 
outcomes was assessed using likelihood ratio tests.27 The 
level of significance was set at P < 0.05. All statistical analy-
ses were performed using STATA release 12 (Stata Corp LP, 
College Station, TX).

RESULTS

Overall, 5,151 individuals (men: n  =  2,399; women: 
n = 2,752) were analyzed. Table 1 shows the baseline charac-
teristics of groups with BP and LDL-C combination in men. 
In both LDL-C groups, men with hypertension had the high-
est mean age, body mass index, and fasting blood glucose, as 
well as the most cases of diabetes and medications. There 
were fewer current drinkers in the high LDL-C group than 
the normal LDL-C group (P < 0.001). Moreover, there were 
more current smokers in the normal LDL-C group than the 
high LDL-C group (P < 0.001).

Table 2 shows the means and prevalence of baseline char-
acteristics with respect to BP and LDL-C groups in women. 
As with the men, in both LDL-C groups, women with hyper-
tension had the highest mean age, body mass index, and fast-
ing blood glucose, as well as the most cases of diabetes and 
medications. There were fewer current drinkers in the high 
LDL-C group than the normal LDL-C group (P  <  0.001). 
Moreover, there were more current smokers in the normal 
LDL-C group than in high LDL-C group (P < 0.001).

The associations of alcohol consumption and smoking 
status with LDL-C levels were similar in both sexes. In addi-
tion, the rates of current smokers and drinkers were obvi-
ously higher in men than women (Tables 1 and 2).

During the 13-year follow-up (total  =  67,287 person-
years), 164 CAD cases (men: n  =  110; women: n  =  54) 
and 215 stroke cases (ischemic: n  =  126; hemorrhagic: 
n = 48; subarachnoid hemorrhage: n = 22; and unclassi-
fied stroke: n = 19) were documented. The adjusted HRs 
for CAD in hypertension were highest in both the normal 
and the high LDL-C groups. The high HRs were observed 
as both BP and LDL-C upgraded in CAD (Figure  1). In 

the high LDL-C group, the HRs of CAD with optimal 
BP, prehypertension, and hypertension were 2.09 (95% 
CI  =  0.88–4.98), 3.45 (95% CI  =  1.59–7.51), and 5.94 
(95% CI = 2.88–12.27), respectively. In the normal LDL-C 
group, the HR of CAD with prehypertension (2.01; 95% 
CI = 0.92–4.42) was almost the same as those with opti-
mal BP and high LDL-C, whereas the HR with hyperten-
sion (2.95; 95% CI  =  1.45–5.9) was significantly higher 
(Figure  1). The HR for ischemic stroke was 2.70 (95% 
CI  =  1.37–5.35) in the hypertension and normal LDL-C 
group and 2.95 (95% CI = 1.47–5.90) in the hypertension 
and high LDL-C group. No apparent interaction between 
BP and LDL-C was detected with either CAD (P = 0.48) or 
ischemic stroke (P = 0.39).

These results have almost no differences when medication 
use (lipid-lowering medicine and BP-lowering medicine) is 
not considered the BP and LDL classification.

DISCUSSION

This study showed that the HRs for CAD in prehyperten-
sive and hypertensive groups were higher than those in the 
optimal BP group at the same LDL-C levels in the Japanese 
population; however, 95% CIs for these groups almost 
overlapped, and no apparent modification by LDL-C was 
observed in the BP–CVD relationship. Furthermore, the 
HRs for ischemic stroke were not different between normal 
and higher LDL-C levels at the same BP levels.

Our results support the results from the APCSC, which 
demonstrated that the combination of elevated BP and ele-
vated total cholesterol increases the risks of fatal and non-
fatal cardiovascular disease in Asian, Australian, and New 
Zealand populations.14 The APCSC showed that cardiovas-
cular disease events are particularly increased in individu-
als with SBP ≥130 mm Hg and the highest total cholesterol 
levels (≥212 mg/dl). Furthermore, the relative risk of cardio-
vascular disease events in individuals with an SBP of 130–
144 mm Hg and total cholesterol levels of 212–241 mg/dl is 
similar to that of individuals with an SBP of 145–159 mm 
Hg and total cholesterol levels <212 mg/dl. The J-LIT study, 
which was an observational study among Japanese patients 
that investigated the relationship between total cholesterol 
and BP on cardiovascular disease, also found that the relative 
risk of cardiovascular disease events was significantly higher 
in patients with poorly controlled hypercholesterolemia 
patients (total cholesterol >220 mg/dl), prehypertension 
(SBP = 130–139 mm Hg; DBP = 80–89 mm Hg), and hyper-
tension (SBP >140 mm Hg; DBP >90 mm Hg) compared 
with the reference group (SBP <130 mm Hg; DBP <80 mm 
Hg).13 Thus, our findings are concordant with those of the 
APCSC and J-LIT studies. However, it should be emphasized 
that our study cohort consisted exclusively of a general Asian 
population in contrast with the APCSC. In addition, hyper-
cholesterolemia patients in the J-LIT study were treated with 
low-dose simvastatin.

The HRs for ischemic stroke did not differ between the nor-
mal and high LDL-C groups at the same BP levels. However, 
most cohort studies in Japan report that total cholesterol 
and LDL-C are not risk factors for total stroke28 despite their 
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weak association with ischemic stroke.29 Given these contra-
dictory results between clinical trials and cohort studies, the 
effects of statins on the prevention of stroke should be inter-
preted cautiously. Several studies report cholesterol-lowering 
statins are beneficial for the prevention of stroke in hyperten-
sive patients.30,31 The post hoc analysis of the Management 
of Elevated Cholesterol in the Primary Prevention Group 
of Adult Japanese study revealed that pravastatin effectively 
reduced the incidence of cardiovascular disease, particu-
larly ischemic stroke, in individuals with both hypertension 
and mildly elevated cholesterol.30 Meanwhile, the Anglo–
Scandinavian Cardiac Outcomes Trial–Lipid Lowering Arm 
showed that atorvastatin significantly reduces CAD, stroke, 
and cardiovascular disease even in hypertensive patients 
without dyslipidemia.31 Although there have been numer-
ous clinical trials for statin therapy, the primary endpoint of 
these studies was CAD, with ischemic stroke as the second-
ary endpoint. Furthermore, statins have pleiotropic effects 
that help prevent cardiovascular disease, including anti-
inflammatory effects, improved vascular endothelial func-
tion, and plaque stabilization. These factors may explain the 
significant discrepancy between cohort studies and clinical 
trials with respect to the efficacy of statins in stroke preven-
tion. Therefore, further investigation is required to clarify 

the role of statin therapy in stroke prevention. However, BP 
management should be the first priority in ischemic stroke 
prevention irrespective of LDL-C level.

Our study used a stratified Cox model that included 3 BP 
and 2 LDL-C categories, as well as their interaction terms and 
confounders. This combined model is statistically appropri-
ate for the investigation of interactions between risk factors 
and disease outcomes. Furthermore, LDL-C and hyper-
tension, which were the main targets of this study, and the 
abovementioned confounding factors encompass all major 
risk factors in the Framingham risk score,22 the European 
SCORE chart,21 and the Japanese Atherosclerosis Society 
risk chart19 for predicting future coronary events.

We found that the HRs for CAD in high LDL-C group 
were higher than those in normal LDL-C at the same BP lev-
els in the Japanese population. However, the apparent effect 
modification of LDL-C was not detected in the relation 
between BP and CAD. There are 3 possibilities to explain 
these results; no interaction, low statistical power, and bias. 
Our results suggested that BP and LDL-C were mutually 
independent risk factors and no interaction exist between 
them. This result was not as similar to other previous studies, 
and explanations were needed to claim the independence. 
A second possibility is that lack of statistical power induces 
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Figure 1. Hazard ratios (HRs) for coronary artery disease and stroke by blood pressure (BP) group with respect to low-density lipoprotein cholesterol 
(LDL-C; mg/dl) categories adjusted for age, high-density lipoprotein cholesterol, diabetes, smoking status, and alcohol consumption.   indicate HR 
estimates:  indicate 95% confidence intervals (CIs) by Cox proportional hazard model stratified by sex. The reference group had optimal BP (systolic BP 
<120 mm Hg and diastolic BP <80 mm Hg) and normal LDL-C levels (LDL-C <140 mg/dl). P = 0.48 for CAD; P = 0.39 for ischemic stroke.
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the results; a very small number of events was assigned in 
each category. The third possibility is that the single assess-
ment of BP and LDL-C at the baseline survey and the fact 
that we did not evaluate the longitudinal trend for each risk 
factor may have underestimated the relationship between 
these conditions and CAD because of regression dilution 
bias.32 All of these misclassification diluted the HRs and 
made the effect modification obscure. We are not quite sure 
which is the correct answer for this issue, but we believe our 
description of the BP, LDL-C, and CAD relationship among 
an Asian population gives important insight to future epide-
miological studies.

In conclusion, to the best of our knowledge, this study 
is the first epidemiological study to examine the combined 
association between BP and LDL-C on the incidences of car-
diovascular disease subtypes in an Asian population only. 
The results show that risk for CAD due to hypertension or 
prehypertension in the high LDL-C group was higher than 
those in the normal LDL-C group, although there were no 
statistical interaction between BP and LDL-C. Accordingly, 
BP and LDL-C should be managed for the early prevention of 
CAD in Japanese and other Asian individuals with hyperten-
sion, prehypertension, and high LDL-C levels. Furthermore, 
large-scale epidemiological studies should carefully assess 
the association between BP and LDL-C with the incidence of 
cardiovascular disease subtypes among Asian populations.
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