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atherosclerosis in men differs from that in women. Decreasing
postmenopausal female hormones such as estrogen plays a role in
production of PGE2 [29].

We have several study limitations. First, due to cross-sectional
study design, causal and effect reversal may not occur. However,
carotid atherosclerosis appears as results of the accumulation effect
of exposure factors for cardiovascular risk factors, such as salivary
inflammatory cytokines. Second, the sample size in this study was
not enough. However, this is the first investigation to significant
association between not only salivary inflammatory cytokines and
periodontal disease but also those and carotid atherosclerosis.
Third, we did not exclude subjects with chronic infectious and
connective tissue disease. However, this study was performed in
apparently healthy general population.

In conclusion, higher levels of salivary inflammatory cytokines
were positively associated with periodontal disease. Among them,
higher salivary IL-6 and TNF-a were positively associated with in-
tensity of carotid atherosclerosis, and furthermore, PGE2 was in
women.
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Rice consumption is not associated with risk of cardiovascular
disease morbidity or mortality in Japanese men and women:
a large population-based, prospective cohort study'™>

Ehab S Eshak, Hirovasu Iso, Kazumasa Yamagishi, Yoshihiro Kokubo, Isao Saito, Hiroshi Yatsuya,

Norie Sawada, Manami Inoue, and Shoichiro Tsugane

ABSTRACT

Background: Rice consumption has been associated with risk of type 2
diabetes, but its relation with cardiovascular disease (CVD) is limited.
Objective: We examined the association between rice consumption
and risk of CVD incidence and mortality in a Japanese population.
Design: This was a prospective study in 91,223 Japanese men and
women aged 40-69 y in whom rice consumption was determined
and updated from 3 self-administered food-frequency question-
naires, each 5 y apart. Follow-up for incidence was from 1990 to
2009 in cohort I and 1993 to 2007 in cohort IT and for mortality was
from 1990 to 2009 in cohort I and 1993 to 2009 in cohort II. HRs
and 95% CIs of CVD incidence and mortality were calculated ac-
cording to quintiles of cumulative average rice consumption.
Results: In 15-18 y of follow-up, we ascertained 4395 incident
cases of stroke, 1088 incident cases of ischemic heart discase
(IHD), and 2705 deaths from CVD. Rice consumption was not
associated with risk of incident stroke or IHD; the multivariable
HR (95% CI) in the highest compared with lowest rice consumption
quintiles was 1.01 (0.90, 1.14) for total stroke and 1.08 (0.84, 1.38)
for THD. Similarly, there was no association between rice consump-
tion and risk of mortality from CVD; the HR (95% CI) for mortality
from total CVD was 0.97 (0.84, 1.13). There were no interactions
with sex or effect modifications by body mass index for any endpoint.
Conclusion: Rice consumption is not associated with risk of CVD
morbidity or mortality. Am J Clin Nutr 2014;100:199-207.

INTRODUCTION

White rice is a major staple food of the Japanese people and
central to the Japanese diet. Although rice consumption in Japan
has decreased over the past several decades, nearly 29% of total
caloric intake for Japanese is still derived from rice (1). Rice
consumed by the Japanese is primarily refined white rice and not
brown rice. Compared with brown rice, white rice contains less
dietary fiber and fewer vitamins and minerals (2), which may be
positively associated with greater risk of type 2 diabetes and
cardiovascular disease (CVD)*. However, white rice is free of
cholesterol and has a very low sodium content (3), which was
the basis for its use in the traditional Kempner rice diet where it
was used as an aid to treat hypertension (4). Therefore white rice
consumption might also be considered to be inversely associated
with risk of CVD. A meta-analysis showed that white rice
consumption was associated with elevated risk of type 2 diabetes

Am J Clin Nutr 2014;100:199-207. Printed in USA. © 2014 American Society for Nutrition

(5). In addition, rice consumption was positively associated with
risk of type 2 diabetes in women but not in men in the Japan
Public Health Centre-based (JPHC) study (6). However, a recent
cohort study in Spain showed an inverse association between
rice consumption and risk of type 2 diabetes (7). In some (8-13)
but not all (14-19) studies, foods rich in refined carbohydrates,
such as white rice, have been associated with increased risk of
CVD, especially in women. However, few studies have been
conducted in Asian populations, who are known to consume
large quantities of rice (12, 13, 18, 19). To our knowledge, as-
sociations between rice consumption with risk of incident stroke
and ischemic heart disease (IHD) have not been previously in-
vestigated. A Japanese study suggested a positive association
with mortality from stroke in young women with low BMI (12),
whereas another Japanese study showed an inverse association
with mortality from IHD in elderly men with high BMI (18).
With the use of data from a large-scale, population-based
cohort study in Japan, we aimed to examine the prospective
association between white rice consumption and risk of stroke
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and THD incidence and mortality in Japanese men and women
both combined and sex specifically. Also, a stratified analysis by
BMI (kg/m?) was conducted because overweight and obesity
might represent intermediate endpoints or pathways rather than
confounders for rice. In addition, this analysis provided the
ability to examine previous studies that yielded different results
(12, 18) and evaluate the issue of whether overweight and obese
subjects may have changed their rice consumption to lose
weight because rice is a major source of caloric intake. Because
rice was positively associated with risk of type 2 diabetes in our
cohort study (6), it was hypothesized that rice consumption may
be associated with higher risk of CVD.

SUBJECTS AND METHODS

Study population

The JPHC study, which is a large, Japanese, nationwide,
prospective cohort study, was launched in 5 public health centers
(PHCs) for cohort I and 6 PHCs for cohort II. The study pop-
ulation was defined as all inhabitants in study areas aged 40-59 y
in cohort I and 40-69 y in cohort II. The study design has been
described in detail previously (20) and was approved by the
Institutional Review Board of the National Cancer Centre,
Tokyo, Japan.

Baseline survey

The baseline was in 1990 for cohort I and 1993 for cohort II;
with the use of a self-administered questionnaire, study subjects
were asked to provide information regarding personal and fa-
milial medical histories, lifestyles, and other health-related in-
formation. The dietary habits of subjects were assessed by using
a food-frequency questionnaire (FFQ) of 44 items for cohort I
(21) and 52 items for cohort II. The response rate for the baseline
questionnaire was 77% in men and 83% in women.

Five- and 10-y follow-up surveys

We conducted 5-y follow-up, self-administered questionnaire
surveys in 1995 for cohort I and 1998 for cohort II and 10-y
surveys in 2000 for cohort I and 2003 for cohort II. FFQs used in
5- and 10-y follow-up surveys were developed to estimate dietary
intake from 138 food items and was validated for estimations of
various nutrients and food groups (22). Data on demographics,
lifestyles, personal and familial medical histories, and other
health-related information were also obtained. The response rate
for the 5-y questionnaire was 72% in men and 79% in women
and, for the 10-y questionnaire, was 70% in men and 78% in
women.

Dietary assessment

Frequencies of consumption were reported for the previous
month in baseline FFQs. We used the following 4 response
choices in the cohort I FFQ: almost never, 1-2 and 3-4 d/wk, and
almost daily. Responses of cohort II's baseline FFQ were se-
lected from the following 5 choices: never; <1, 1-2, and 3-4 d/wk;
and almost daily. Portion sizes for food items were determined
on the basis of 14- to 28-d diet-record data. Data on the daily
consumption of standard rice bowls (a standard bowl was equal
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to 140 g), with possible answers as “not even one per day” or
“approximately XX bowls per day” in cohort I and “almost not”
or “approximately XX bowls per day” in cohort II, were also
calculated (21, 23).

In 5- and 10-y follow-up surveys, a standard unit and relative
portion sizes for each food item were included and were identical
for both cohorts. Frequency-response choices were as follows:
never; 1-3 times/mo; 1-2, 3—4, and 5-6 times/wk; or 1, 2-3,
4-6, and =7 times/d. Relative portion sizes were as follows:
small (50% smaller), medium (same as the standard), and large
(50% larger). Participants were asked to determine their con-
sumption of rice on the basis of their usual rice bow! sizes [small
(110 g), standard (140 g), and large (170 g)] and the number of
bowls consumed daily from 9 options that ranged from <1 to
=10 bowls/d (23). Daily food intakes were computed by mul-
tiplying the frequency by relative portions for each food item in
FFQs. Daily intakes of nutrients were calculated by using the
food-composition table developed for each FFQ on the basis of
the fifth revised edition of the Standard Tables of Food Composi-
tion in Japan (24). Caloric-adjusted nutrient consumptions were
calculated by using the residual method (25). The validity of rice
consumption estimated by the 5-y FFQ was assessed in subsamples
by using both 14- and 28-d dietary records. Spearman’s correlation
coefficients between intake values for rice derived from the
FFQ and those derived from dietary records were 0.67 in men
and 0.55 in women. For reproducibility of estimations between
2 FFQs administered 1 y apart, respective Spearman’s corre-
lation coefficients were 0.79 in men and 0.71 in women. The
rice consumption from the FFQ (mean * SD: 439 + 200 g/d in
men and 334 * 146 g/d in women) did not differ from that for
dietary records (480 *= 159 g/d in men and 315 * 101 g/d in
women) (26).

Inclusion and exclusion criteria

Participants who resided in 2 PHCs were excluded because of
differences in recruitment criteria. Of the remaining 116, 672
subjects, responses were obtained from 95,405 participants
[43,149 subjects in cohort I and 52,256 subjects in cohort II
(overall response rate 82%; 80% in cohort I and 84% in cohort IT)]
and were included in the current study. At baseline, participants
who did not respond to rice-intake items (n = 528; 98 subjects
in cohort I and 430 subjects in cohort II) and participants
with implausible energy intakes [outside of the mean * 3 SD:
n = 744 subjects; 334 subjects in cohort I and 410 subjects in
cohort IT) were excluded. Participants who reported a history of
stroke, IHD, or cancer (n = 2910; 1216 subjects in cohort I and
1694 subjects in cohort IT) at baseline were also excluded, which
left a total of 91,223 participants (41,501 subjects in cohort I and
49,722 subjects in cohort IT) and were ultimately included in our
analysis.

Endpoint assessment
Morbidity

A total of 78 major hospitals with the capability of treating
patients with THD and stroke were registered within the ad-
ministrative districts of JPHC cohorts. Physicians, who were
unaware of the patients’ lifestyle data, reviewed medical records
at each hospital. Incidences of fatal and nonfatal stroke were
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determined if the criteria of the National Survey of Stroke (27)
were met, specifically, the presence of focal neurologic deficits
of sudden or rapid onset that lasted =24 h or until death. For
each subtype of stroke (ie, hemorrhagic and ischemic strokes),
a diagnosis was established on the basis of data collected from
computed tomography scans, magnetic resonance images, or
autopsy.

Fatal ITHD events and nonfatal myocardial infarction were
confirmed through medical records according to the criteria of the
Monitoring Trends and Determinants of Cardiovascular Disease
project (28), which requires evidence from electrocardiograms,
cardiac enzymes, or autopsy.

To confirm and verify nonfatal stroke and myocardial in-
farction, for subjects who reported the occurrence of coronary or
stroke events in the 10-y follow-up questionnaire but who were
not registered in the stroke or IHD registry, contact attempts were
made by letter or telephone to obtain permission to review rel-
evant medical records. Of 653 subjects who reported an un-
registered stroke, 582 subjects (89%) were successfully
contacted, and 245 subjects provided information that was
consistent with suspected strokes. Of these 245 subjects, 213
participants (87%) provided written informed consent for their
records to be reviewed by physicians. In these subjects, a di-
agnosis of stroke was verified for 165 subjects, and these cases
were, therefore, included in the registry. Of 288 subjects who
reported an unregistered myocardial infarction, 252 subjects
(88%) were contacted, and 119 subjects provided information
that was consistent with suspected myocardial infarctions. Of
these 119 subjects, 102 participants (86%) provided written in-
formed consent for their medical records to be reviewed by
physicians. In these subjects, myocardial infarction was con-
firmed for 51 individuals and subsequently included in the
registry. Similarly, cases identified by the 5-y follow-up ques-
tionnaire and confirmed by hospital records were also included in
the registry. As aresult, an additional 225 strokes and 93 myocardial
infarction cases were identified and reported. Of these cases, 172
additionally identified stroke and 71 additionally identified myo-
cardial infarction subjects were included in the current analyses. A
systematic search for additional fatal stroke and IHD subjects was
also conducted by reviewing death certificates. Deaths that were
a result from stroke (International Classification of Diseases, 10th
Revision codes 160-169), IHD, or acute heart failure (codes 121-
23, 146, and 150) that were listed on the death certificate but had
not been registered were reviewed.

Mortality

The underlying cause of death was defined according to the
International Classification of Diseases, 10th Revision. All death
certificates were forwarded centrally to the Ministry of Health,
Welfare and Labor and coded for the National Vital Statistics.
Registration of death is required by the Family Registration Law;
therefore, accurate reporting was assumed for the purposes of this
study.

Statistical analysis

Participants were classified into quintiles of rice consumption.
Age-adjusted mean values and proportions of updated cardio-
vascular risk factors and population characteristics were pre-
sented according to quintiles of rice consumption. CVD
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incidence and mortality were analyzed separately. For the
analysis of CVD incidence, person-years of follow-up were
calculated from the date of the starting point 1 January 1990 in
cohort I and 1 January 1993 in cohort IT until the obtainment 1 of
4 possible endpoints as follows: /) incidence of a first stroke or
first IHD event, 2) relocation from the study area, 3) the end of
the study on 31 December 2009 for cohort I and 31 December
2007 for cohort II, 4) or death. For the analysis of CVD mor-
tality, person-years of follow-up were censored at the date of
death, emigration from Japan, or end of the study (31 December
2009 in both cohort I and cohort 11), whichever came first. For
persons who were lost to follow-up, the last confirmed date of
their presence in the study area was used as the date of cen-
soring.

Because there were no interactions by sex for any endpoint
(P-interaction > 0.05), analyses were done for both men and
women combined; however, we also investigated associations
separately for men and women by using Cox proportional haz-
ard modeling to assess the association between quintiles of rice
consumption with risk of CVD. For the multivariate analysis, we
adjusted for age (continuous), sex, PHC, history of hypertension,
and diabetes or the use of a lipid-lowering drug (yes or no); BMI
(quintiles); smoking status (never, ex-smoker, and current
smoker of 1-19, 20-29, or =30 cigarettes/d); ethanol intake
(nondrinkers, former drinkers, and weekly ethanol intake <150,
150 to <<300, 300 to <450, or =450 g/wk); leisure-time sports
activity (=3 d/mo, 1-2 d/wk, and =3 d/wk); job status (white-
collar job, blue-collar job, and unemployed); and quintiles of en-
ergy-adjusted dietary intakes of selected foods and nutrients
(seafood, meat, fruit, vegetables, soy, SFAs, and sodium); and
total caloric intake. For women, we also adjusted for meno-
pausal status and postmenopausal hormone use. We conducted
tests for trends across quintiles of rice consumption by assigning
median values for each quintile and testing the significance of
this variable.

We updated rice consumption and confounding variables by
using the baseline and 5- and 10-y follow-up questionnaire
surveys except for age, sex, and PHC. Data on nondietary var-
iables were updated from each questionnaire. To reduce within-
subject variation and best represent a Jong-term diet, cumulative
averages of quintiles of total calories and energy-adjusted rice
and other dietary variables from the 3 questionnaires were ranked
on the basis of the sum of these quintile averages. Cumulative
averages of continuous dietary variables themselves were not
used because of a large drift in mean amounts of caloric and
nutrient intakes between baseline and follow-up questionnaires.
‘We made the last observation carried forward to impute missing
values. For example, data from the baseline questionnaire was
used to replace missing values in the 5-y follow-up questionnaire,
and values in the 5-y follow-up questionnaire were used to re-
place missing values in the 10-y follow-up questionnaire.

With the use of the cumulative average method, the incidence
of and mortality from CVD between each 5-y questionnaire cycle
were related to the cumulative average of rice consumptions
calculated from all preceding dietary measures. Sensitivity
analyses were conducted twice as follows: 7) by reanalyzing with
the use of baseline data only and 2) by relating CVD events to
most-recent dietary data. Furthermore, associations between
total dietary carbohydrate intakes and risk of CVD were also
investigated.
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A stratified analysis by BMI (<25 or =25) was also con-
ducted, and an interaction term generated by multiplying the
median of each quintile of rice consumption by BMI was used to
test an effect modification by BMI. Multiple sensitivity analyses
were also conducted by excluding participants with a past his-
tory of diabetes at baseline, ceasing updating rice consumption
and other dietary variables if participants reported disease his-
tory in follow-up questionnaires (type 2 diabetes, hypertension,
cancer, or liver or kidney disease), and restricting the age of
participants to a middle-aged group (40-59 y).The analysis was
conducted with SAS version 9.3 software (SAS Institute Inc).
All P values were 2-sided, and P < 0.05 was regarded as sta-
tistically significant.

RESULTS

During 1,401,401 person-years of follow-up of 92,223 men
and women, 4395 incident cases of stroke (1777 hemorrhagic and
2590 ischemic strokes) and 1088 incident cases of THD were
diagnosed, and during 1,428,544 person-years of follow-up, 2705
deaths that were a result of CVD (1153 stroke, 605 IHD, and 947
other CVD) were reported. Characteristics of study participants
according to quintiles of rice consumption are shown in Table 1.
Compared with participants who consumed less rice, partici-
pants with a high consumption of rice tended to be older, less
likely to practice sports daily, and more likely to have a blue-
collar job. An increased consumption of rice was associated with
a lower consumption of alcohol, seafood, vegetables, fruit, meat,
soy, SFAs, and sodium.

TABLE 1

ESHAK ET AL

HRs and 95% Cls for risk of incident stroke and IHD asso-
ciated with rice consumption are shown in Table 2. In both age-
and multivariable-adjusted models, rice consumption was not
associated with risk of stroke, either hemorrhagic or ischemic
stroke, or risk of IHD. Multivariable HRs (95% ClIs) in the
quintile with the highest rice consumption compared with the
quintile with the lowest rice consumption were 1.01 (0.90, 1.14;
P-trend = 0.72) for risk of incident stroke and 1.08 (0.84, 1.38;
P-trend = 0.56) for risk of incident IHD. Similarly, rice con-
sumption was not associated with risk of mortality from CVD
(stroke, IHD, other CVD, or total CVD). The multivariable HR
(95% CI) for mortality from total CVD in the quintile with the
highest rice consumption compared with quintile with the lowest
consumption was 97 (0.84, 1.13; P-trend = 0.33) (Table 3).
Results did not change materially after several sensitivity anal-
yses (data not shown in tables) including the relation of risk of
CVD to the baseline rice consumption, relation of risk of CVD
to the most recent rice consumption, exclusion of participants
with a past history of diabetes at baseline, ceased updating of
rice consumption and other dietary variables if participants re-
ported a disease history in follow-up questionnaires, or re-
striction of the age of the participants to a middle-aged group
(40-59 y). Moreover, a sex-specific analysis revealed similar
results; multivariable HRs (95% Cls) in men were 0.88 (0.67—
1.11; P-trend = 0.26) for risk of incident stroke, 0.94 (0.71-1.24;
P-trend = 0.65) for risk of incident IHD, and 0.89 (0.65-1.15;
P-trend = 0.47) for mortality from total CVD, and those in women
were 1.26 (0.91-1.66; P- trend = 0.91), 1.38 (0.84-2.28; P-trend =
0.58), and 1.26 (0.87-1.64; P-trend = 0.83), respectively.

Age-adjusted means and proportions of updated lifestyle, health, and dietary characteristics in Japanese men and women according to quintiles of rice

consumption

Quintiles of rice consumption

1 (low) 2 3 4 5 (high) P-trend’
Participants at risk (n) 16,882 16,911 18,090 23,543 15,797 —
Median rice consumption (g/d) 251 * 832 326 *= 89 377 + 88 430 * 89 542 = 127 —
Men (%) 49 47 46 43 55 —
Age at baseline (y) 50.8 = 7.7 516 79 52179 525 = 8.0 524 +179 —
BMI (kg/mz) 235 *+32 23.7 = 3.3 237 £ 32 23.6 £ 32 234 £ 3.1 0.97
History of hypertension (%) 20 21 23 24 20 0.03
History of diabetes (%) 7 7 8 7 6 0.05
Ethanol intake (g/wk) 407 + 396 298 * 305 266 = 306 261 + 284 240 * 264 <0.0001
Current smokers (%) 23 20 19 18 23 0.06
Practicing sports daily (%) 14 13 13 11 9 <0.0001
Blue-collar workers (%) 16 15 20 30 24 <0.0001
Use of lipid-lowering drugs (%) 6 5 5 [ 4 0.02
Energy consumption (kcal/d) 2062 * 1157 2018 * 1064 2002 £ 921 1901 = 778 2015 = 807 <0.0001
Seafood consumption (g/d) 84 *+ 104 82 =78 85 + 67 79 + 67 69 + 59 0.001
Vegetable consumption (g/d) 509 * 429 534 * 455 536 * 436 532 = 391 450 = 354 0.02
Fruit consumption (g/d) 222 + 242 217 + 229 216 = 208 205 = 184 166 + 184 <0.0001
Meat consumption (g/d) 70 = 88 70 = 86 66 = 73 64 = 62 50 =52 <0.0001
Soy consumption (g/d) 96 * 166 94 * 148 97 = 168 91 + 150 71 + 122 0.0003
Carbohydrate consumption (g/d) 234 £ 73 252 = 63 264 * 57 275 * 48 301 = 50 <0.0001
Total dietary fiber consumption (g/d) 153 = 12.8 136 + 84 144 =92 12.6 + 6.7 119 = 7.1 <0.0001
Saturated fatty acid consumption (g/d) 19 = 10 18 =9 17*=8 16 =7 136 <0.0001
Protein consumption (g/d) 75 =25 74 21 74 + 22 73 =17 66 = 16 0.0004
Sodium consumption (mg/d) 4552 + 2153 4671 * 2065 4704 = 1971 4731 *= 1807 4274 * 1800 0.03

’ Chi-square test was used for categorical variables; ANOVA was used for continuous variables.

?Mean * SD (all such values).
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Multivariable HRs (95% Cls) of incident cardiovascular discase according to quintiles of rice consurption

203

Quintiles of daily rice consumption

1 (low) 2 3 4 5 (high) P-trend’

Participants at risk (1) 16,882 16,911 18,090 23,543 15,797 —
Person-ycars 250,899 253,985 279,828 371,990 244,699 e
Total stroke

Cases (n) 789 985 777 1033 838 —

HR (95% CIy’ 1.00 (reference) 1.15 (0.98, 1.27) 0.82 (0.75, 1.01) 0.81 (0.74, 1.09) 0.95 (0.86, 1.14) 0.36

HR (95% CI)* 1.00 (reference) 1.07 (0.93, 1.17) 0.94 (0.85, 1.08) 0.93 (0.84, 1.13) 1.01 (0.90, 1.14) 0.72
Hemorrhagic stroke

Cases (n) 336 388 318 426 309 —

HR (95% CIy’ 1.00 (reference) 1.11 (0.96, 1.2 0.81 (0.70, 1.05) 0.81 (0.70, 1.03) 0.90 (0.84, 1.11) 0.43

HR (95% CI)’ 1.00 (reference) 1.05 (0.90, 1.22) 0.95 (0.81, 1.12) 0.95 (0.81, 1.11) 0.96 (0.79, 1.15) 0.51
Ischemic stroke

Cases (n) 450 563 452 604 512 e

HR (95% CIy* 1.00 (reference) 1.08 (0.94, 1.26) 0.93 (0.79, 1.04) 0.92 (0.79, 1.12) 0.98 (0.88, 1.13) 0.27

HR (95% CI) 1.00 (reference) 1.07 (0.92, 1.23) 0.99 (0.81, 1.07) 0.99 (0.81, 1.16) 1.05 (0.90, 1.22) 0.34
Ischemic heart discase

Cases (n) 185 210 208 258 227 —

HR (95% CIy? 1.00 (reference) 1.09 (0.90, 1.33) 0.96 (0.78, 1.17) 0.90 (0.74, 1.09) 1.06 (0.87, 1.29) 0.61

HR (95% CI)’ 1.00 (reference) 0.93 (0.76, 1.14) 0.99 (0.80, 1.22 0.95 (0.77, 1.19) 1.08 (0.84, 1.38) 0.56

! Median values of the cumulative averages of rice consumption in cach quintile were used to test for a linear trend across quintiles. P values for
interaction terms generated by multiplying the median value of each quintile of rice consumption by sex were >>0.05 for all endpoints.
2 Estimated by using Cox’s proportional hazard model adjusted for age and sex.
7 Estimated by using Cox’s proportional hazard model adjusted for age; sex; public health center area; history of hypertension; history of diabetes; use of
lipid-lowering drugs; BMI; smoking status; ethanol intake; leisure-time sports activity; occupation; intakes of seafood, meat, fruit, vegetables, soy, SFAs, and
sodium; total energy intake; and, for women, menopausal status and hormone use.

Furthermore, associations between dietary intake of total
carbohydrate and risk of CVD were examined. In a multivariable
model adjusted for age, sex, PHC, history of hypertension, history

TABLE 3

of diabetes, use of cholesterol-lowering drugs, BMI, smoking
status, alcohol intake, leisure-time sports activity, occupation,
and intakes of SFAs, total protein, and sodium, and total caloric

Multivariable HRs (95% Cls) of mortality from cardiovascular discase according to quintiles of rice consumption

Quintiles of daily rice consumption

I (low) 2 3 4 5 (high) P-trend’

Participants at risk (n) 16,838 16,802 18,168 23,675 15,740 —
Person-years 255,254 258,247 285,966 379,863 249,212 e
Total stroke

Cases (n) 202 237 221 276 217 o

HR (95% CIy* 1.00 (reference) 1.09 (0.91, 1.32) 0.89 (0.73, 1.07) 0.91 (0.68, 1.07) 0.93 (0.77, 1.13) 0.64

HR (95% CIy’ 1.00 (reference) 1.07 (0.88, 1.30) 1.07 (0.88, 1.32) 1.00 (0.82, 1.23) 1.03 (0.82, 1.30) 0.71
Ischemic heart discase

Cases (1) 113 108 112 147 125 —

HR (95% CI)* 1.00 (reference) 0.89 (0.69, 1.16) 0.80 (0.62, 1.04) 0.78 (0.61, 1.09) 0.94 (0.73, 1.22) 0.55

HR (95% CD’ 1.00 (reference) 0.81 (0.61, 1.06) 0.93 (0.70, 1.23) 0.85 (0.64, 1.12) 0.93 (0.68, 1.27) 0.42
Other cardiovascular discase

Cases (1) 172 187 182 218 188 —

HR (95% CIy? 1.00 (reference) 1.01 (0.82, 1.24) 0.85 (0.69, 1.12) 0.83 (0.64, 1.09) 0.94 (0.76, 1.15) 0.33

HR (95% CI)° 1.00 (reference) 0.93 (0.73, 1.16) 0.96 (0.77, 1.20) 0.85 (0.67, 1.14) 091 (0.71, 1.17) 0.71
Total cardiovascular discase

Cases (n) 487 532 515 641 530 —

HR (95% CIy’ 1.00 (reference) 1.02 (0.90, 1.15) 0.86 (0.76, 1.07) 0.78 (0.69, 1.06) 0.94 (0.83, 1.10) 0.19

HR (95% CIy’ 1.00 (reference) 0.96 (0.85, 1.09) 1.00 (0.88, 1.15) 0.81 (0.80, 1.11) 0.97 (0.84, 1.13) 0.33

/Median values of the cumulative averages of rice consumption in each quintile were used to test for a linear trend across quintiles. P values for
interaction terms generated by multiplying the median value of each quintile of rice consumption by sex were >0.05 for all endpoints.
2Estimated by using Cox’s proportional hazard model adjusted for age and sex.
¥ Estimated by using Cox’s proportional hazard model adjusted for age; sex; public health center area; history of hypertension; history of diabetes; use of
lipid-lowering drugs; BMI; smoking status; ethanol intake; leisure-time sports activity; occupation; intakes of seafood, meat, fruit, vegetables, soy, SFAs, and
sodium; total energy intake; and, for women, menopausal status and hormone use.
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intake, HR (95% ClIs) in the quintile with the highest carbohy-
drate consumption compared with the quintile with the lowest
consumption were 0.89 (0.78, 1.12; P-trend = 0.33) for risk of
incident stroke, 1.30 (0.88, 1.87; P-trend = 0.19) for risk of
incident IHD, and 0.88 (0.69, 1.12; P-trend = 0.26) for mortality
from total CVD (data not shown in tables).

Associations of rice consumption with risk of incident stroke
and THD and mortality from stroke, IHD, and other CVD after
BMI (<25 or =25) stratification was investigated (Table 4).
There was no interaction with BMI for any endpoint, and results
did not change materially in both BMI strata regarding the in-
cidence of and mortality from CVD.

DISCUSSION

In this large Japanese cohort, no significant lower or higher risk
of CVD incidence or mortality with higher rice consumption was
observed. In addition, there was no clear evidence of differences
in risk of CVD incidence or mortality between lean and over-
weight men or women.

There has been a great deal of speculation about the associ-
ation of white rice with risk of type 2 diabetes, stroke, and IHD
(5-7, 12, 17-19, 29, 30). Similar to the current study, 2 previous
Japanese-cohort studies did not associate rice consumption with
mortality from total or ischemic stroke in men or women (12,
18). However, in an age-only adjusted model, a positive trend
was seen for hemorrhagic stroke in Japanese women in the study
of Oba et al (12), with an HR (95% CI) in the quartile with the
highest rice consumption of 2.36 (0.92, 6.03; P-trend = 0.03).
However, in that study, the follow-up period was short (only
6 y), the sample size in rice-consumption quartile groups was
limited (6 cases in the reference group), and the model did not
address possible confounding factors, which may have contrib-
uted to an inaccurate measure of real risk.

In the current study, no association between rice consumption
and risk of THD incidence or mortality was shown, which was
consistent with findings that were based on studies in Italian men
and women (17). In contrast, rice was inversely associated with
risk of mortality from IHD in men in another Japanese study [the
Japan Collaborative Cohort (JACC) study (18)], whereas in
a recent Chinese study; a combination of refined rice and wheat
products were positively associated with the incidence of ITHD
(13). Differences between current study findings and those of the
JACC or Chinese study may have been attributed to the lack of
multiple measurements of dietary variables. Dietary and non-
dietary variables were measured once at baseline in the JACC and
Chinese studies, whereas in this current study, data were updated
through the use of 3 questionnaires, each 5 y apart. The use of
data at only one point of time may tend to underestimate or
overestimate associations, particularly when follow-up years are
extensive. Moreover, the mean rice consumption (389 g/d) in the
current study differed from that (511 g/d) in the JACC study. An
additional factor to be considered was that rice in the current
study provided 42% of total carbohydrate intake and 25% of total
caloric intake, whereas 70% of carbohydrate and 60-70% of all
caloric intakes in the Chinese study came from rice (13).

Rice consumption in the JPHC study was positively associated
with risk of type 2 diabetes in women (6). However, on the basis
of a recent Spanish cohort study, an inverse association between
rice consumption and a 6-y incidence of type 2 diabetes was also
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shown (7). Because diabetic patients are often advised to reduce
carbohydrate intake, they might change their rice consumption
habits. However, in a sensitivity analysis that excluded partici-
pants in the current cohort who reported a history of diabetes at
baseline (n = 2046), we showed no evidence of an association
between rice consumption and risk of CVD. Multivariable HRs
(95% Cls) for risk of incident stroke and IHD were 1.09 (0.84,
1.16; P-trend = 0.47) and 0.99 (0.79, 1.44; P-trend = 0.66),
respectively.

Previously, Japanese men and women of different ages and
BMIs showed different associations between rice consumption
and mortality from CVD (12, 18). Overweight and obese in-
dividuals and those who developed some diseases may have
changed their dietary habits as a result of diagnoses and treat-
ments. However, results of the current study did not change
materially when we restricted participants’ ages to a middle-age
group (40-59 y) or stratified groups by BML In a sensitivity
analysis that ceased updating rice consumption and other dietary
variables if participants reported a disease history in the 5- or
10-y follow-up questionnaire (type 2 diabetes, hypertension,
cancer, or liver or kidney diseases), rice consumption was still
not associated with risk of CVD incidence or mortality. In the
current study, there were no interactions with sex for any end-
point, and results did not change materially when men and
women were analyzed separately. However, trends tended to be
inverse in men, whereas the same trends tended to be positive in
women. Lipoprotein changes in response to low-fat and high-
carbohydrate diets differ according to sex, with greater increases
in triglycerides and VLDL-cholesterol concentrations and
greater decreases in HDL-cholesterol concentrations in women
than in men (31). However, we should interpret these trends
carefully because of the lack of clear explanations on the basis
of biology or plausible mechanisms for previously observed sex
differences in associations between rice consumption and risk of
type 2 diabetes or CVD.

Possible reasons to explain why white rice consumption might
not be associated with risk of CVD despite its positive association
with risk of type 2 diabetes may be because, during the refining
process, white rice loses much of its content of insoluble fiber,
magnesium, vitamins, lignans, phytoestrogens, and phytic acid
(2, 5), and deficiencies of these nutrients are more related to
diabetes risk (32). In addition, because white rice is free of
cholesterol (3) and low in sodium, its consumption, contrary to
providing risk of CVD, was actually used as an aid to treat
hypertension (4). In a Chinese follow-up study, there were no
associations between rice consumption and plasma triglycerides
concentrations or risk of metabolic syndrome. There was a 42%
decrease in risk of hypertension with high rice consumption (19).
These effects on lipid profiles and blood pressure are expected not
to increase CVD risk in the Japanese population (33).

Although epidemiologic evidence has shown positive asso-
ciations between glycemic load (GL) and glycemic index (GI)
with risk of CVD (9-13) and type 2 diabetes (34), overall car-
bohydrate intake is less strongly related to these diseases, with
studies that showed no association (9, 12, 17, 34), a positive
association (10, 11, 13), and an inverse association (35, 36).
Furthermore, adverse metabolic effects of high carbohydrate
intake or dietary GL have been greatly exaggerated in the
presence of an underlying insulin resistance (9). Greater BMI
has strongly been associated with insulin resistance (37).
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TABLE 4

Multivariable HRs (95% Cls) of incidence of and mortality from cardiovascular disease according to quintiles of rice consumption stratified by BMI

BMI <25 kg/m? (n = 68,780)

BMI 225 kg/m* (n = 22,443)

Quintile 1 Quintile 5 Quintile 1 Quintile S
(low) Quintile 2 Quintile 3 Quintile 4 (high) P-trend” (low) Quintile 2 Quintile 3 Quintile 4 (high) P-trend®

Participants 13,071 12,632 13,403 17,484 12.190 3811 4279 4687 6059 3607 —

at risk (1)
Person-years 194,444 189,164 206,466 275,269 188.456 56,455 64,822 73,363 96,721 56,243 e
Incident stroke

Cases (n) 581 673 581 715 623 208 285 196 318 215 —

HR (95% CI) 1.00 (reference) 1.02 (0.91, 1.15) 0.97 (0.86, 1.10) 0.89 (0.79, 1.01) 0.97 (0.85, 1.12) 047  1.00 (reference) 1.20 (0.89, 1.44) 0.87 (0.70, 1.06) 1.04 (0.85, 1.27) 1.10(0.87, 1.39) 0.75
Incident IHD

Cases (1) 138 146 145 194 166 47 64 63 64 61 —

HR (95% CI) 1.00 (reference) 0.91 (0.71, 1.16) 0.99 (0.77, 1.27) 1.01 (0.79, 1.30) 1.09 (0.82, 1.45) 0.83 1.00 (reference) 1.04 (0.70, 1.54) 1.00 (0.66, 1.50) 0.82 {0.53, 1.26) 1.07 (0.66, 1.73)  0.82
Total stroke

mortality

Cases (1) 172 188 181 216 182 30 49 40 60 35 —

HR (95% CI) 1.00 (reference) 1.01 (0.82, 1.25) 1.05 (0.82, 1.25) 0.93 (0.75, 1.17) 0.99 (0.76, 1.28)  0.33 1.00 (reference) 1.49 (0.83, 2.39) 1.17 {0.71, 1.93) 1.36 (0.83, 2.25) 3{(0.74,2 0.79
IHD mortality

Cases (n) 93 81 87 125 97 20 27 25 22 28 —

HR (95% CT) 1.00 (reference) 0.79 (0.58, 1.07) 0.91 (0.67, 1.25) 0.92 (0.68, 1.25) 0.93 (0.66, 1.32) 0.26  1.00 (reference) 1.05 (0.53. 2.06) 1.06 (0.53, 2.11) 0.69 (0.33, 1.42) 1.03 (0.48,2.23) 091
Other CVD

mortality
Cases (1) 155 158 154 169 155 17 29 28 49 33 e
HR (95% CI) 1.00 (reference) 0.85 (0.64, 1.14) 0.83 (0.61, 1.13) 0.86 (0.63, 1.16) 0.80 (0.56. 1.15)  0.78  1.00 (reference) 2.16 (0.88, 3.76) 2.00 (0.88, 3.55) 2.59 (0.90, 4.85) 2.62 (0.85, 5.56)  0.29

"HRs (95% CIs) were estimated by using Cox’s proportional hazard model adjusted for age; sex: public health center area; history of hypertension; history of diabetes; use of lipid-lowering drugs; BMI;
smoking status; ethanol intake; leisure-time sports activity; occupation; intakes of seafood, meat, fruit, vegetables, soy, SFAs, and sodium; total energy intake; and, for women, menopausal status and hormone

use. CVD, cardiovascular disease; IHD, ischemic heart disease.

2 Median values of the cumulative averages of rice consumption in each quintile were used to test for a linear trend across quintiles. P values for an interaction term generated by multiplying the median of

cach quintile of rice consumption by BMI were >0.05 for all endpoints.
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Japanese populations have a relatively lower BMI than that of
Chinese or Western populations, which may explain the null
association between total carbohydrate intake and risk of CVD
in our cohort. The use of GI and GL were considered better
indicators for the relation of the quantity and quality of carbo-
hydrates to risk of chronic disease (9). Regrettably, data on GI
and GL were not yet available for the current study.

To the best of our knowledge, this is the first prospective cohort
study of white rice consumption and incident risk of CVD. Some
strengths of the current study were its population-based pro-
spective design involving a large sample size as well as the use of
a validated FFQ. Analyses contained in the current study were
based on caloric-adjusted measures of rice consumption.
Changes in rice consumption over time were considered, and
enhanced data from follow-up surveys were able to capture
consumed amounts more accurately. Furthermore, dietary data of
the Japanese population allowed an assessment of any potential
associations at relatively high amounts of rice consumption.
Several sensitivity analyses were conducted that yielded similar
results.

Limitations to this study included a potential misclassification
that arose from gathering self-reported data. However, self-
reported data such as height, weight, and blood pressure may
have been reasonably accurate because nationwide annual health
screenings conducted since 1992 in Japan produced similar re-
sults (38). We included 1405 subjects with missing information
on rice consumption on follow-up surveys in our analysis after the
imputation of their rice consumption from the preceding ques-
tionnaire which may have raised a source of selection bias.
However, in addition to the small number (1.1% of the total
sample), there were no significant differences in CVD risk
profiles between subjects with or without missing data. Last,
because FFQs did not contain data on the consumption of whole
grain or brown rice, an isocaloric analysis describing results when
total caloric intake is fixed could not be conducted. However,
because brown rice or other whole grains are not commonly used
in Japan, whether risk would be lower if the white rice was
replaced by these foods would not have easily been determined.

In conclusion, contrary to various expectations that an inverse
or a positive association between rice consumption with risk of
CVD may exist, our large Japanese cohort showed that rice
consumption is not associated with risk of CVD incidence or
mortality in Japanese men and women. Despite the growing
evidence for a positive association between white rice con-
sumption and risk of type 2 diabetes, rice consumption adds no
additional risk of CVD in Japanese men and women.
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Human atrial natriuretic peptide (hANP) and brain natriuretic
peptide (BNP) are cardiac hormones that are released when the walls
of the atria are stretched [1] or in response to end-diastolic pressure
overload and ventricular volume expansion [2]. HANP and BNP are
expected to be related to sleep-disordered breathing (SDB), because
SDB also leads to changes in cardiac structures [3]. Although some
small case-control studies showed that hANP and BNP were higher in
patients with SDB [4,5], a larger cross-sectional, community-based
population study failed to demonstrate such a relationship after
adjusting for confounding factors {6}. However, that study may have a
limitation in that it included subjects with a prior history of
myocardial infarction, whose data may have confounded the results.
The aim of the present study was to elucidate the associations of SDB
with hANP and BNP using a large Japanese urban population without a
prior history of cardiovascular disease (CVD).

The Suita study is a population-based cohort study; the details of
which have been described elsewhere [7]. Briefly, from 1989, 6485
residents, aged 30 to 79 years, were enrolled as study participants,
randomly selected from the community of Suita City. A total of 790
subjects in the Suita study was selected at random and underwent in-
home pulse oximetry from June 2006 to March 2008. Of these, 24
individuals were excluded: 18 with a prior history of myocardial
infarction or angina pectoris, and 6 with stroke or transient ischemic
attack. Finally, 766 subjects (452 women, mean age 59.3 & 7.1 years,
mean body mass index [BMI] 23.0 + 3.3 kg/m?) were included in the
study. Informed consent was obtained from all participants. This study
was approved by the institutional review board of the National
Cerebral and Cardiovascular Center.

The baseline survey included questionnaires, anthropometric
measurements, and blood sample tests. The systolic and diastolic
blood pressures were the averages of two measurements, and
subjects were categorized into 4 groups according to the criteria of
ESH-ESC 2007 [8]. Hyperlipidemia was defined as total serum
cholesterol levels >5.7 mmol/L (220 mg/dL) and/or current use of anti-
hyperlipidemic medications. Diabetes was defined as fasting plasma
glucose levels >7.0 mmol/L (126 mg/dL) and/or current use of
antidiabetic medications.

* Corresponding author at: Department of Preventive Cardiology, National Cerebral
and Cardiovascular Center, 5-7-1 Fujishiro-dai, Suita, Osaka 565-8565, Japan. Tel.: +81
6 6833 5012; fax: + 81 6 6833 5300.

E-mail address: ykokubo@neve.go.jp (Y. Kokubo).
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The baseline questionnaires asked about the presence of snoring or
cessation of breathing during sleep, as noticed by family or bed
partners. In addition, all patients assessed their daytime sleepiness
with the Epworth Sleepiness Scale (ESS) [9]. The severity of SDB was
evaluated with equipment including a digital pulse oximeter
(PULSOX-3Si, Minolta Co., Osaka, Japan) to measure arterial oxygen
saturation at home when they were in bed. Data were downloaded to
a personal computer through an interface (PULSOX IF-3, Minolta)
and analyzed by proprietary software (DS-3 ver. 2.0a, Minolta). The
severity of SDB was expressed by the 3% oxygen desaturation index
(3%0DI), defined as the number of apneas associated with a drop in
blood oxygen by 3% or more per hour. Patients were divided into 3
groups according to this index: 3%0DI < 5, 3%0DI 5-15, and 3%0DI = 15.

First, mean values and frequencies were compared with analyses of
variances and chi-square tests. Next, the values of hANP and BNP in
each SDB category were assessed by analysis of covariance to adjust
for age, sex, and other potential confounding factors (Table 2). All
statistical analyses were performed using the SAS statistical package
(release version 8.2; SAS Institute Inc., Cary, NC). Results were considered
significant at p < 0.05.

Table 1 shows the baseline characteristics of the study participants
stratified by 3%0DI category. Overal}, 57% individuals had 3%0DI <5,
33% had 3%0DI 5-15, and 10% had 3%0DI > 15. The ESS did not differ
among the 3 groups (p = 0.285). Moreover, there was no difference in
either the hANP or BNP levels among the 3 groups on univariate
analyses.

Table 2 demonstrated the results of analysis of covariance for
hANP. The mean hANP level was significantly higher in subjects with
3%O0DI 5-15 (13.6 pg/mL; 95% confidence intervals [CI], 12.1-15.1 pg/
mL) than in those with 3%0DI < 5 (11.1; 10.0-12.2 pg/mL, p = 0.011),
even with adjustment for multiple confounding factors. The mean BNP
level tended to be higher in individuals with 3%0DI = 15 (28.6; 21.7-
35.6 pg/mL) than in those with 3%0DI<5 (21.3; 18.4-24.3 pg/mL)
when adjusted for confounders among the 3 groups (Table 2), but no
significant association was observed (p = 0.064).

HANP was significantly higher and BNP was marginally higher in
individuals with SDB in the present study. This finding was partly in
line with previous case-control studies that showed that hANP and
BNP levels were elevated in patients with SDB [4.5]. However, few
studies have demonstrated the relationship between SDB and
natriuretic hormones in a community-based study [6]. One of the
characteristics of SDB is excessive negative intrathoracic pressure [3],
and periodic negative intrathoracic pressure causes cyclic changes in
left atrial volume and diastolic function of the left ventricle, even in
healthy individuals [10]. Since these changes are also strong triggers
for secreting hANP [1] and BNP {2], higher levels of hANP and BNP in
individuals with SDB are physiologically plausible. HANP is elevated in
subjects with SDB, even in community-dwelling people without a
prior history of CVD.

This is the largest study to date to investigate the relationship
between SDB and 'natriuretic hormones in community-dwelling
people, in which individuals with a prior history of CVD were
excluded. However, there are some limitations that need to be
addressed. First, a simple piece of equipment consisting of a pulse
oximeter without an electroencephalograph was used to evaluate the
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Table 1
Baseline characteristics according to the severity of sleep-disordered breathing in 2006-2008,
Variables Total 3%0Dl<5 %0DI 5-15 3%0DI = 15 p
n = 766 n =435 n =252 n=79

Female sex, % 59 74 44 29 <0.001
Age, years 5934+ 71 585473 599 & 6.3 604 + 7.9 0.006
Body mass index, kg/m? 230433 220430 239429 252435 <0.001
Epworth Sleepiness Scale 8.8+ 44 86+ 44 89445 94442 0.285
Snoring during asleep, % 42 30 52 75 <0.001
Cessation of breathing during sleep, % 4 1 6 11 <0.001
Blood pressure category, % <0.001

Optimal 51 58 46 30

Normal 20 17 23 20

High-normal blood pressure 14 13 15 19

Hypertension 15 12 16 30
Hyperlipidemia 42 45 37 42 0.139
Diabetes mellitus 8 6 8 17 0.003
Smoking status, % <0.001

Current 16 14 19 22

Quit 16 11 22 27

Never 67 75 59 52
Current drinkers, % 50 57 39 43 <0.001
Total cholesterol, mg/dL 209.6 & 327 2131 £ 319 205.0 £ 324 209.1 + 315 0.072
HDL cholesterol, mg/dL 617 4+ 15.8 64.4 £ 16.5 59.6 & 143 561 & 151 <0.001
HbA1c, % 5908 58+ 06 59+£08 6.1+ 11 0.001
hANP, pg/mL 122+ 13 115 4+ 8.7 135 + 147 12.0 + 124 0.099
BNP, pg/mL 2354330 2254327 2284298 26.8 £ 313 0.508

ODJ, oxygen desaturation index; HDL, high density-lipoprotein; hs-CRP, high-sensitivity C-reactive protein; HANP, atrial natriuretic peptide; BNP, brain natriuretic peptide.

Table 2
Confounders-adjusted mean and 95% confidence interval of human atrial natriuretic
(ANP) and brain natriuretic (BNP) peptide.

3%0D1 <5 3%0DI = 5-15 3%0DI > 15

n =435 n =252 p* n=79 p*
hANP
Model 1° 111 (10.0-12.3) 136 (121-151) 0011  12.8 (10.2-154) 0.249
Model 2¢  11.0 (9.9-12.2)  13.7 (12.2-152) 0.006 13.1 (10.5-15.8) 0.160
Model 3¢ 110 (9.9-121) 137 (122-152) 0.006 13.1 (105-15.8) 0.161
BNP
Model 1 21,5 (18.5-24.4) 23.4 (19.5-27.3) 0.451 28.1 (21.2-35.0) 0.087
Model 2° 212 (18.2-242) 23.7 (19.8-27.6) 0332 289 (21.9-36.0) 0.054
Model 3¢ 211 (181-241) 23.9(20.0-27.8) 0285 28.6(21.6-35.7) 0.061
2 vs.3%0DI<5.
b Adjusted for age and sex.
¢ Adjusted for age, sex, and body mass index.
d

Adjusted for age, sex, body mass index, smoking status, drinking status,
hypertension, diabetes mellitus, and high density-lipoprotein cholesterol.

presence and severity of SDB in this study. Therefore, the presence and
severity of SDB may be underestimated with such equipment. Second, the
equipment used in this study cannot distinguish obstructive sleep apnea
(0SA) from central sleep apnea (CSA). Third, men and women were not
analyzed separately in the present study due to the relatively small
sample size. Fourth, since this was a cross-sectional study, cause-effect
reversal may have occurred. Further research is awaited.

In conclusion, the plasma hANP level was elevated in individuals
with SDB among a large Japanese urban population.
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Cardiovascular disease is a leading cause of mortality and
morbidity in Asian countries.! Elevated blood pressure
(BP)i-% and hypercholesterolemia’*-'¢ 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.t? In Japan,
the Japan Lipid Intervention Trial (J-LIT) study showed
that Japanese hypercholesterclemia patients with high sys-
tolic BP (SBP; 2130mm Hg) and high total cholesterol

levels (2220mg/dl) treated with low-dose simvastatin had
an increased risk of cardiovascular disease events.’* In Asia,
the Asia Pacific Cohort Studies Collaborations (APCSC)
demonstrated that the combination of high SBP (2130 mm
Hg) and high total cholesterol (=212 mg/dl) increased the
risks of fatal and nonfatal cardiovascular disease among
both Western and Asian populations.** 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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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,'* and the APCSC study** did not exclusively
involve Asian populations, which have a higher incidence of
stroke and lower incidence of coronary artery disease (CAD)
than Western populations.’

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. ™1 The details of this study have
been described previously. > 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 280 years)."” 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 >400mg/dl (n = 86); LDL-C
<0 (n = 1); missing total cholesterol, high-density lipopro-
tein cholesterol (HDL-C), or triglyceride data (n = 30);
aged 280 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.?’ Participants with triglyc-
eride levels >400 mg/dl were excluded because LDL-C esti-
mates are inaccurate among such persons.'>*:?2

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 HbAlc data from
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before 1995 were unavailable, diabetes was defined accord-
ing to the American Diabetes Association 2013 guidelines as
a fasting serum glucose level 2126 mg/dl, the use of diabetes
medication, or both,”** 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.***-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.»**# 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.?® 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.” 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
<120mm Hg and diastolic blood pressure (DBP)
<80mm Hg), prehypertension (SBP = 120-139mm Hg,
DBP = 80-89mm Hg, or both), and hypertension (SBP
2140mm Hg, or DBP >90mm Hg, or the use of antihy-
pertensive agents). LDL-C was categorized into 2 groups;
normal (LDL-C <140mg/dl) or high (LDL-C =140mg/dl
or lipid medication) according to the diagnostic criteria for
screening of the Japan Atherosclerosis Society Guidelines
for Prevention of Atherosclerotic Cardiovascular Diseases.**
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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 x2 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 x? 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 (Cls) 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.*” 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
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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% Cls 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.** The APCSC showed that cardiovas-
cular disease events are particularly increased in individu-
als with SBP >2130mm 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-
144mm Hg and total cholesterol levels of 212-241mg/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 >220mg/dl), prehypertension
(SBP = 130-139mm Hg; DBP = 80-89 mm Hg), and hyper-
tension (SBP >140mm Hg; DBP >90mm Hg) compared
with the reference group (SBP <130mm Hg; DBP <80mm
Hg)."* 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 stroke? despite their
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Table 1. Baseline characteristics of women with respect to blood pressure and serum low-density lipoprotein categories in men

 Hypedtension | Pvalue

543

At 21

(108t <0001
L ae  <0.001
(1037 <0001
@25 <0001

Systolic blood pressure, mm H
lood
LDL-C, mg/dl

Medication for diabetes, %

Never smoker

Current drinker

Never drinker 23.6 17.4 17.3 31 22.3 20.3

Age, systolic blood pressure, diastolic blood pressure, low-density lipoprotein cholesterol (LDL-C), fasting blood glucose, and body mass index were analyzed by analysis of variance.
The percentages of diabetes, medication for hypertension, medication for hypercholesterolemia, medication for diabetes, smoking, and alcohol consumption were analyzed by the X test.
Data are expressed as mean (SD) or percentages. Optimal BP: systolic blood pressure <120mm Hg and diastolic blood pressure <80 mm Hg. Prehypertension: systolic blood pressure
120-139mm Hg or diastolic blood pressure 80-89 mm Hg. Hypertension: systolic blood pressure 2140 mm Hg, diastolic blood pressure 290 mm Hg, or the use of antihypertensive medica-
tion. Normal LDL-C: fasting LDL-C <140 mg/dl. High LDL-C: fasting LDL-C 2140mg/d! or the use of medication for hypercholesterolemia. Diabetes: fasting plasma glucose 2126 mg/dl or
the use of antidiabetic medication.

Abbreviations: BP, blood pressure; LDL-C, low-density lipoprotein cholesterol.

*P < 0.05, **P < 0.001: Bonferroni test (with normal LDL-C and optimal BP as the reference).
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Table 2. Baseline characteristics of women with respect to blood pressure and serum LDL-C categories in women

No. 837 427 3N 364 403 410

(16.6)  <0.001

LDL-C, mg/di

Body mass index, kg/m? 20.9 (2.65) 222 (3.03)* 23.2 (3.81) 21.7 (2.82) 229 (3.08)** 23.8 (3.43) <0.001

Medication for hypertension, %

Medication for di

Current smoker 16.4 9.8 8.7 13.7 10.2 7.6

Never smoker

Never drinker 56.9 65.3 68.8 72.3 69 70.5

Age, systolic blood pressure, diastolic blood pressure, low-density lipoprotein cholesterol (LDL-C), fasting blood glucose, and body mass index were analyzed by analysis of variance.
The percentages of diabetes, medication for hypertension, medication for hypercholesterolemia, medication for diabetes, smoking, and alcohol consumption were analyzed by the x? test.
Data are expressed as mean (SD) or percentages. Optimal BP: systolic blood pressure <120mm Hg and diastolic blood pressure <80mm Hg. Prehypertension: systolic blood pressure
120-139 mm Hg or diastolic blood pressure 80—-89 mm Hg. Hypertension: systolic blood pressure 2140 mm Hg, diastolic blood pressure 290 mm Hg, or the use of antihypertensive medica-
tion. Normal LDL-C: fasting LDL-C <140 mg/dI. High LDL-C: fasting LDL-C 2140mg/dl or the use of medication for hypercholesterolemia. Diabetes: fasting plasma glucose 2126 mg/dl or
the use of antidiabetic medication. When mean body mass index was examined in women, there were 836 women with normal blood pressure and normal LDL-C.

Abbreviation: BP, blood pressure.

*P < 0.05, *P < 0.001: Bonferroni test (with normal LDL-C and optimal BP as the reference).
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LDL-C Blood pressure Hazard ratio Incidents
level level (95% ClI)
Coronary artery disease

Normal Optimal BP | | 1.00 9
Prehypertension i 2,01 (0.92, 4.42) 21
Hypertension i 4.71 (2.28,9.74) 49

High Optimal BP . 2.09 (0.88, 4.98) 12
Prehypertension L 3.45 (1.59, 7.51) 23
Hypertension i > 5.94(2.88,12.27) 50

Ischemic stroke

Normal ~ Optimal BP N 1.00 11
Prehypertension L 1.69 (0.82, 3.48) 23
Hypertension i 2.70 (1.37, 5.35) 41

High Optimal BP < 0.47 (0.13, 1.69) 3
Prehypertension L 1.36 (0.60, 3.11) 12
Hypertension L 2.95 (1.47, 5.90) 36
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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 (Cls) by Cox proportional hazard model stratified by sex. The reference group had optimal BP (systolic BP
<120mm 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.

weak association with ischemic stroke.?’ 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.”>*! 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.”™® 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.? 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
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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,?? the European
SCORE chart,’! and the Japanese Atherosclerosis Society
risk chart!? 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

104



BP, LDL-C, and CVD Incidence in Japanese

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.>* 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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