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AE (BMI) & figi 2= 5 0> BE 8

SHEBRE TN F— BRERKFEHBERY YV —ARFEAERM #i3
MEBHE RKROTH HARRIBAE L —HAFTEEHRE ZR

I jE# & BMI (Body Mass Index)

AAEMER T, TEMIZEVERORRLEHRE) LERINTHBER, &R
DOREVGEOELZ EREICHIET D Z LI3E L,

FREROERICIIRLA R LORH IR, BELEFREZAET A CHBEICHAETE
5L LTBMI (Body Mass Index = #5E(kg) / &#&(m) 2) 2H 5, Zhidtkig
ige E<HETRIEEXLR TS,

II BR K D BT & 3o 03 E D JE T

KBMERBERRIL. RETITORATOWE ZEBENN, RKDIEHOREREL 7
7 HURDERE OEEEITIR 2 > T D, WHO (HAREEMEI) <ix BMI=30kg/m? %
JEF L LTV 52, BARIERFESDOEE T, BMI=25kg/m? # B L HE L TW 5,
&bz, BHOBHHEIBNTT U7 DEMERBICERE STV S b 0RO,
T OT HIRDEABZIZENT, BMI OEZMEIZRRKD BMI & & L TRV, 7
U7 DREEIRKXDOR CED BMI DALY, BHOEIEREW EXmbh T3,

LHREICEWTBMIOEHEITFE L LR L TRY FIZBEIFOEABE LD,
DX, EHRORIETEEIRKEEOLOMBETIIZRL, bBEZELTVT
DHEEIZBWTHRRIZEZTH B,

M A 25 o

M EFEFIZOVWT WHO (1970) 1%, BOFRBEZNELICE ST, < bETH
@, BN, BEmEEE (MEE) O3SBIZAELTWS, bREOEEEKiT
2005 £ T 132,847 A (FET-HE 105.3 A0 10 5Xf) &, /D 12.3% 2 5D 5, ¥
Te. BEREICX D L 2005 FOKBELIL 136 5 5 FARLDIES,

IVAKZE Iz 351 5 BMI OALE S}

&V Body Mass Index (BMDix ik DRBDFBREF & LTHOLNR TV, M-
FEHETCLEOBEIZONWTRHBEROED L IATH S, Stroke Council of the
American Heart Association DA FZ A O Tix, BT less well documented
or potentially modifiable risk factors”IZ 3 I LTV 3 U, W ODETHIETIX
BICEEICBN T, B L AR OBEIIETHS LBHTVER, USEHETRT
LOBELH B, |
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Srif T, 23.0-24.9kg/m2 A EHEL LTz,

mmﬁw—V%L#tMﬁ%%tOA#—F%&%%hﬁEﬁ%@lLTLto

BIDBED BMI L EERE T CHESN-, BL4bE BT Tl — Fiho |k

ﬁmﬁﬁi%ﬁﬁiﬁ%bahto%ﬁ%@%ﬁ@%%%ilﬁ%?”°%n%n%
bV BMI 7V —7 (230kg/m) T, A EROICHEREZIRD N1 =B E L E
WY — REEER LT, (&0 BMI THAY— R ERT BRI BHIC OB B> TR
bhiz, _

ERERFETONF— FHIE, MEELF U XL 5 REmEZR LU, £, BE,
KETEE VO ERBRFOAERAER L EFTATIRATEEIZD O o T,

EHEECBUHREMRBOFEBCREOWELEZE L T, BEBEED 2 £[H
ZRWBIT 21T o720, AL LS ERRBEINT:,

VIR LO TR

WS DD BHM RIS BFICHEETIIBMI & 225 L VR BEL 85
ERELTWD, £z, IRE L TIIEROBRBIL2FOEE LY YR 27D LR L
HT2LLTWaH0b0H5, BREIELE. BRKE. B2 L XFa—AMmE L #H<
BELTWAZLERAONTEY, AR v 7 Fuo—LRNHEED Y R 710k
DTWDENI T EHHELLTWS, LML, HDL 2L RAF u— VERHhSH,
HOMAindex R EAZRY v 7V Fu—bDRLZIRTEZHEL TWV2WEDH D
WU LOFEREECSHOBELELS,

FEHEDEV BMI Z A — 7 TEOWAY— FEBRBB I -BED—o & L THIESR
BEZ OIS, AFETRTY FEL Y FREEOLER - TVWBD, FELSND
BIRE LT LDODEEBRE IR,

BEMRATHRELRCROBREZERT B, W 2»OFEROREEND 5,
—DIRb L bERBRHIEDIEERBLLTVE LN 2L (REDOHE) &,
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1. BMI(Body Mass Index)& 2 ZEIE1T=0) B (B & &)

NIPPON DATA80(194F 1B &)
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2 1. BMI(Body Mass Index)B £z b R E, MM/ \F—FH L95% (35X R
NIPPON DATAS80(194E 8 B5)

pZE et itz Jid H
Body Mass IndeX r_ st o596 MBI /9 I (95%% FRAREC) ~— Kbt (95% IERH)
(kg/m") .

%

<18.5 164 ( 0.89, 3.03) 264 (122, 570) 092 ( 0.23, 3.74)
18.5-22.9 1.58 ( 099, 251) 185 (097, 3.53) 140 ( 057, 344)
23.0-24.9 1.00 ( reference ) 1.00 ( reference ) 1.00 ( reference )
25.0-29.9 162 ( 091, 29) 202 (091, 445) 139 (045, 434)
230.0 360 ( 084, 1536) 459 ( 059, 3575) 5.75 ( 0.69, 48.1)
L°8 ,

<18.5 079 ( 040, 155) 092 (037, 226) 1.06 ( 027, 4.18)
18.5-22.9 095 (063, 144) 091 (051, 1.63) 099 ( 040, 242)
23.0-24.9 1.00 ( reference ) 1.00 ( reference ) 1.00 ( reference )
25.0-29.9 097 ( 059, 158) 1.04 ( 053, 2.05) 058 ( 0.17, 199)
230.0 1.47 (068, 3.17) 172 (063, 4.68) 1.79 ( 0.37, 8.63)

i BE-KETHE
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Too E-MFRRIZHEMET 948 Fl, ZMHET 766 FINRET L BE L=, EHEEICKITHE
- BhESERBRAECICEDAIANFEAERERSIIBMT 35.1%., &K T
22.1% Tholr, ZOFEGIIHFEEETREL, 60 RABOBHIZBNTIX, BELH
[ CREBEBRET O 57. 4%, KHETIHERBEBET D 40. %R ERERHEA S
hi-, —F. 60 BULEERICB O TIZZFOFSIILBR/N S otz (B 26.3%,
M 18.1%),

A3 BHEEE - BESOREXNKR, BMEDCTN AEXRRVIERORERDR2NWT ¥
THIRIZBW T, BRBEBECEDICKELFBEEZ LT AEESRENT, Z0D
PHRIIEEETLOREVWIEBRTRENTE Y, SPH, FEHM»LOBEHRE. &
MEFHRBEETHIZERAONL ot ZORMICRENREFETENSESIL
niE, F - HEHUBRCBI ABRBECOTHIIORESFETIILELDND,

-127-



1169

Original Article

Joint Impact of Smoking and Hypertension on
Cardiovascular Disease and All-Cause Mortality in
Japan: NIPPON DATAS80, a 19-Year Follow-Up

Atsushi HOZAWADY, Tomonori OKAMURADP, Yoshitaka MURAKAMIY,
Takashi KADOWAKIY, Koshi NAKAMURAY, Takehito HAYAKAWAD?,
Yoshikuni KITAY, Yasuyuki NAKAMURA?Y, Robert D. ABBOTT", Akira OKAYAMA®,
and Hirotsugu UESHIMA", the NIPPON DATAS80 Research Group

Hypertension and smoking are major risk factors for death due to cardiovascular disease (CVD). These attri-
butions for CVD mortality should be higher in the countries where obesity-related conditions are uncom-
mon. However, the joint effect of these risk factors on CVD and ali-cause mortality have not been described.
We followed a representative 8,912 Japanese men and women without a history of stroke and heart disease.
Participants were categorized into 4 groups as follows: a group of individuals who neither smoked nor had
hypertension (HT), a group of current smokers, a group with HT, and a group of current. smokers with HT.
We further calculated population-attributabie fractions (PAF) of CVD and all-cause mortality based on rela-
tive hazards assessed by proportional hazard regression models. After 19 years of follow-up, we observed
313 and 291 CVD and 948 and 766 all-cause deaths for men and women, respectively. The PAF of CVD mor-
tality due to smoking or HT were 35.1% for men and 22.1% for women. The PAF of CVD mortality was higher
in participants <60 years of age (57.4% for men and 40.7% for women) vs. those who were older (26.3% for
men and 18.1% for women). Aggressive attempts to discourage smoking‘and to curb HT could yield large
health benefits in Japan and throughout Asia, particularly for those aged <60 years. Efforts to warn about
the adverse consequence of HT and smoking during adolescence and youth could yield the greatest health
benefits, since positive behaviors adopted early are more easily continued into middle adulthood and later
life. (Hypertens Res 2007; 30: 1169-1175) :

' Key Words: hypertension, smoking, population attributable fraction, epidemioclogy, prospective studies
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Introduction

Hypertension (HT) is one of the strongest risk factors for car-
diovascular disease (CVD) (). Smoking is also an important
risk factor for CVD mortality (2). The prevalence of smoking
and HT in Japan (3, 4) and in other Asian countries is exces-
sive (5-9). Thus, the impact of HT and smoking on CVD
mortality should be high in Japanese and throughout Asia.

Although several studies have described the higher popula-
tion-attributable risk fraction (PAF) of CVD due to HT alone
or smoking alone in Japan (10, 17) and in other Asian popula-
tions (8, 9), the numbers of CVD and all-cause deaths that
could jointly be explained by HT and smoking in Japan have
not been examined. Understanding the joint contribution of
HT and smoking to CVD could help guide Japan and other
Asian countries in formulating programs that warn of the
adverse consequences of these risk factors, particularly in
areas where obesity-related conditions are relatively uncom-
mon (12).

In addition, since previous studies have suggested that the
relative risk of smoking alone or HT alone on CVD mortality
1s stronger in younger than in older individuals (J0, 11), the
combined impact of HT and smoking on CVD and all-cause
mortality might also differ by age group.

Therefore, to describe the amount of CVD and all-cause
mortality that could be explained by current smoking and HT
in Japan, we calculated the age-specific joint impact of smok-
ing and HT on CVD and all-cause mortality using a represen-
tative national survey with a high follow-up rate.

Methods

Study Participants

The subjects of this cohort study participated in the National
Cardiovascular Survey of 1980. The standardized procedures
used in that survey have been described elsewhere (13). All
household members >30 years of age were surveyed in 300
census tracts that were randomly selected throughout Japan.
The number of individuals selected was '13,771. Among
these, 10,546 individuals had completed baseline information

regarding age, gender, and blood pressure (BP). The sample -

comprised the National Integrated Project for Prospective
Observation of Noncommunicable Disease and Its Trends in
the Aged (NIPPON DATAB8O) (4, 13-15). Thus, 76.6% of the
overall population was available for analysis. From this sam-
ple, we excluded participants with a history of stroke
(N=117), coronary heart disease (N=163) or other heart dis-
eases (N=475). An additional 32 were excluded who lacked
data on BP, glucose, cholesterol, and smoking and drinking
habits. There were 847 participants who were excluded
because they had missing residential information and mortal-
ity follow-up. The final sample thus included 8,912 partici-
pants (3,963 men and 4,949 women). Compared to those not

excluded (N=8,912), the excluded group due to loss to fol-
low-up was younger (self-reported age: 46.3 years vs. 49.6
years) and less likely to smoke cigarettes (33% vs. 39%).
These differences, however, appeared to be modest. There
were no differences with respect to gender (women com-
prised 56% of both groups) or age-adjusted BP.

Data Collection

The baseline survey included medical examinations, BP mea-
surements, blood tests, and a self-administered questionnaire
about lifestyle. Trained staff at local health centers in the
respective districts performed the examinations in community
centers. A history of heart disease, stroke and diabetes, as
well as smoking and drinking habits was obtained from the
questionnaire. Height and weight were measured with the
subjects wearing light clothing and no shoes. The subjects
were asked to note whether they were current smokers, had
quit smoking, or had never smoked, and smokers were asked
to note the number of cigarettes smoked each day. We treated
ex-smokers and those who had never smoked as nonsmokers
in this study. Single measurements of systolic and diastolic
BP (SBP and DBP) were obtained after a 5 min rest by trained-
public health nurses at each public health center using a stan-
dard mercury sphygmomanometer. HT was defined as an
SBP >140 mmHg, a DBP >90 mmHg, or the current use of
antihypertensive medication (7). Non-fasting blood samples
were collected. The precision and accuracy of the assay for
measuring serum total cholesterol (TC) were certified by the
Lipid Standardization Program administered by the Centers
for Disease Control and Prevention, Atlanta, USA (I6). Dia-
betes was defined as a serum glucose value =200 mg/dL or a
self-reported history of diabetes. For alcohol consumption,
subjects were asked whether they were never drinkers, past
drinkers, occasional drinkers, or regularly drinkers on a daily
basis.

Follow-Up Survey

NIPPON DATAS80 has completed follow-up surveys until
1999. The underlying causes of death were coded for the Jap-
anese National Vital Statistics according to the 9th Interna-
tional Classification of Disease (ICD-9) until the end of 1994
and according to the 10th International Classification of Dis-
ease (ICD-10) from the beginning of 1995. Details of the clas-
sification used in the present study have been described
elsewhere (/3). Permission to use the National Vital Statistics
was obtained from the Management and Coordination
Agency of the Government of Japan. Approval for this study
was obtained from the Institutional Review Board of Shiga
University of Medical Science (No. 12-18; 2000).

Statistical Analysis

To examine the association of the combined effects of smok-
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Table 1. Baseline Characteristics According to the Combination of Blood Pressure and Smoking Status: NIPPON DATAS0,

1980, Japan :
Younger (age <60 years) Older (age 260 years)
Characteristics Normotensive Hypertensive Normotensive Hypertensive
Non- Current Non-  Current value* Non- Current Non- Current value*
) smoker smoker smoker smoker p-vatue smoker smoker smoker smoker p-vatue
Men
N 580 1,178 450 829 90 161 320 355
Age 42.6 422 46.7 472 <0.01 68.9 67.5 69.9 68.1 <0.01
BMI (kg/m?) 22.6 22.1 23.7 23.2 <0.01 214 20.9 225 216 <0.01
Diabetes (%) 4 4 6 8 <0.01 8 11 9 15 0.054
Total cholesterol (mg/dL) 186.8  183.3 196.7 188.5 <0.01 1843 176.5 187.0 180.6 <0.01
Drinking status
Never (%) 24 19 19 12 <0.01 33 34 26 22 <001
Past (%) 5 4 3 3 16 7 11 8
Occasional (%) 36 29 30 22 27 19 20 17
Daily (%) 35 43 48 63 24 40 43 52
Women
N 2,403 216 1,060 92 312 41 741 84
Age 423 42.1 49.4 48.8 <0.01 67.4 67.1 69.1 69.1 <0.01
BMI (kg/m?) 223 21.9 24.1 240 <001 21.8 21.7 234 22.1 <0.0t
Diabetes (%) 1 1 6 4 <001 10 10 8 8 0.92
Total cholesterol (mg/dL) 182.5 185.6 195.8 199.7 <0.01 199.6 190.6 2024 1976 <0.01
Drinking status :
Never (%) 79 46 84 48 <0.01 81 71 84 67 <0.01
Past (%) 1 5 1 3 1 5 2 S
Occasional (%) 19 36 13 35 15 15 10 19
Daily (%) 2 13 2 14 2 10 4 10

N, number of participants; BMI, body mass index; non-smoker, never smoked and ex-smoker. *Test by analysis of variance for continu-

ous variable and y? test for categorical variables.

ing and HT on mortality, participants were categorized as: 1)
neither smokers nor HT, 2) smokers only, 3) HT only, and 4)
smoker with HT. We compared basic characteristics among
the four groups using means for continuous variables and per-
centages for dichotomous variables. We separately analyzed
men and women and those <60 years and =60 years of age.
We estimated the multivariate adjusted relative hazards (RH)
and the 95% confidence intervals (95% CI) for the effect of
the combination of smoking and HT on CVD and on all-cause
mortality using Cox proportional hazard models. We treated
those who were neither smokers nor HT as a reference group.
The multivariate adjusted model included the following pos-
sible confoimding factors: age, body mass index, diabetes,
TC, and alcohol consumption category (never, past, occa-
sional, and daily). We also calculated the PAF of CVD and
all-cause mortality due to the combination of smoking and
HT using methods described elsewhere (17). The PAF was
also recalculated for comparison with other Japanese studies
4, 10).

Results

Baseline Characteristics

The mean age+SD was 50.0£13.0 years for men and
50.2+13.1 years for women. The prevalence of HT was
49.3% for men and 40.0% for women. The prevalence of cur-
rent smoking was 63.7% for men and 8.8% for women. Table
1 shows the baseline characteristics according for each of the
four smoking and HT groups. For both men and women, the
hypertensive groups were older, more obese, more likely to
have diabetes, more likely to have higher TC levels, and more
likely to consume alcohol on a daily basis than the normoten-
sive groups. The differences were statistically significant.
Male current smokers were leaner, had lower TC levels, and
were more likely to consume alcohol on a daily basis than
male nonsmokers. Female current smokers were more likely
to consume alcohol and to have a lower body mass index than
female nonsmokers. No other differences in risk factors were
found to be significant.
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Follow-Up Data

There were 67,412 and 87,355 person-years of follow-up in
men and women, respectively (up to 19 years per person).
During this time, a total of 948 men and 766 women died, and
313 and 291 of these deaths were due to CVD, respectively.

In this study, we combined never smokers and ex-smokers
into one category because of the small number of ex-smokers.
In addition, the risk factor-adjusted RH for deaths due to
CVD for ex-smokers vs. never smokers was nearly one
(RH=1.09 for men and RH=1.18 for women). This was also
true for all-cause deaths (RH=1.14 for men and RH=1.18 for
women).

Since CVD mortality in smokers with HT was higher in
those <60 years of age than in those =60 years (p for interac-
tion: <0.01 for men and 0.03 for women), we analyzed these
groups separately. Table 2 further shows that the age-strati-
fied joint impact of smoking and HT on CVD mortality was
stronger in participants <60 years old vs. participants who
were older.

For younger men, the risk factor-adjusted RH for CVD
mortality was significantly higher in smokers with HT vs. the
reference value (RH=3.86; 95% CI: 1.62-9.19). This value
tended to be higher, but not significantly so, in the smoking
only (RH=1.58; 95% CI. 0.63-3.97) and HT only
(RH=1.96; 95% CI: 0.73-5.22) groups. Compared to the ref-
erence group, the risk factor-adjusted RH for CVD mortality
among younger women was significantly higher in smokers
with HT (RH=5.88; 95% CI: 2.07-16.72) and participants
with HT only (RH=2.19; 95% CI: 1.13-4.22). The PAFs of
CVD mortality in the smoking only, HT only, and smoking
with HT groups were 7.8%, 7.1%, and 42.4%, respectively.
Smoking and HT accounted for 57.4% of CVD deaths among
younger men. Smoking and HT also accounted for 40.7% of
CVD deaths among younger women. These proportions were
higher than those observed in older participants (26.3% in
men and 16.6% in women). However, the number of excess
CVD deaths due to smoking and HT among men were similar
between the younger and older subgroups (51.1 for younger
and 58.9 for older male participants). In contrast, the excess
deaths due to CVD among young women was half that in
those who were older (21.2 for younger and 43.2 for older
female participants). The overall sum of excess CVD deaths
(PAF) due to smoking and HT was 110.0 (35.1%) for men
and 64.4 (22.1%) for women.

Similar to the CVD findings, the risk factor-adjusted RH
for all-cause mortality was higher in the smoking only, HT
only, and smoking plus HT groups than in the group with nei-
ther factor. The PAFs of all-cause mortality due to smoking
combined with HT were 28.6% for younger men, 24.6% for
older men, 7.3% for younger women, and 18.4% for older
women. The sum of the excess of all-cause deaths (PAF) due
to smoking and HT were 247.0 (26.1%) for men and 118.1
(15.4%) for women.
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Discussion

Evidence suggests that smoking and HT account for a large
proportion of CVD and all-cause mortality in Japan. In the

_ present report, although the number of excess CVD deaths

due to smoking and HT were similar between younger and
older men, the PAF was more than double in those who were
younger. The number of excess deaths due to CVD among
young women was half the number among older women.
Because of the exceptionally high RHs, the PAF was also
more than doubled in those who were younger. These find-
ings confirm the importance of discouraging smoking and
eliminating HT. They further suggest that aggressive attempts
to warn about the adverse consequences of smoking and HT
at an early age could yield significant health benefits in Japan,
particular for those <60 years. Similar findings may also
apply to other Asian countries where smoking and HT are

* highly prevalent.

It is well known that smoking has an important effect on
CVD and all cause mortality in Japan (4, 10). The NIPPON
DATARSO (4) showed that the PAF of CVD mortality due to
smoking was 27.5% for men and 5.0% for women, while the
PAF for all-cause mortality was 15.0% for men and 4.0% for
women. These values were similar to those of Iso et al. (10),
who found that 23.5% and 6.0% of CVD mortality could be
explained by smoking status. Other Japanese studies have
also reported similar values for the PAF for all-cause mortal-
ity (18-20) due to smoking (range of PAF: 22-34% for men
and 0-5% for women), and other Asian studies have yielded
PAFs that are comparable to those in Japan (8).

Similarly, HT is also a potent CVD nisk factor (9, 11, 13,
21). However, few studies have described the PAF of CVD
deaths due to HT defined as an SBP =140 mmHg, a DBP =90
mmHg, or the current use of antihypertensive medication in
Japan (9). A few studies have described the PAF for CVD
death due to non-optimal BP (SBP 2120 mmHg or DBP >80
mmHg or current use of antihypertensive medication) (11,
14). These studies found that the PAF of non-optimal BP was
very high. Thus, both HT and smoking definitely contribute
to a large proportion of CVD or all-cause deaths. These find-
ings should be applied to other Asian populations, most of
which have a high prevalence of smoking and HT and few
obesity-related CVD risk factors, such as diabetes or hyper-
cholesterolemia (4-6). In fact, a recent study has reported that
a large fraction of CVD was attributable to HT (9).

However, the joint impact of smoking and HT on CVD and
all-cause mortality is relatively unknown. Since Rothman
described that the sum of disease attributable to various
causes in reality has no upper limit (22), simple addition of
these PAFs might not express the true contributions of the
risk factors. Thus, it makes sense that the PAF should be cal-
culated using a combination of smoking and HT when trying
to determine their joint impact.

We found that the PAF for CVD mortality was higher in
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younger than in older populations. This is consistent with pre-
vious findings. Iso et al. reported that excess CVD mortality
associated with cigarette smoking is more evident in middle-
age (40-64 years of age) than in the elderly (65-79 years)
(10). Sairenchi ez al. also reported that the PAF for CVD mor-
tality due to non-optimal BP is higher in younger than in eld-
erly persons (/1). Although we could not conclude why the
PAF for CVD mortality was higher in the younger than in the
older population in the present work, this difference might be
partly explained by an age-related increase in the risk for
CVD in nonsmoking elderly individuals without HT; the
crude CVD mortality rate in nonsmoking elderly participants
without HT was more than 20 times as large as that in non-
smoking younger persons without HT. The PAF is defined by
both RH and the prevalence. Since the prevalence of HT was
greater in older than in younger participants, the difference in
the PAF for CVD mortality between younger and older par-
ticipants observed in our study could be explained by the
higher RH in the younger participants. Thus, earlier interven-
tion to discourage smoking and warn against the hazard of HT

should have a greater benefit in those who are young, with

continued carry-over into later life. Similar interventions in
the elderly are also important, because the number of excess
CVD deaths due to smoking and HT were higher among those
aged 60 or older vs. those who were younger.

The strength of our study was the use of a representative
population with a high response rate and long follow-up
period. Thus, our results could be applicable to the entire Jap-
anese population. The study also has several limitations that
should be considered. First, these data were based on partici-
pants who lived 25 years ago. Since Japanese lifestyles have
recently undergone dramatic changes, it may be that these
data are less applicable today. However, the 2003 National
Health and Nutrition Survey in Japan showed that the preva-
lence of current smoking among younger men (30-59 years)
has remained high (54.4-56.8%) and that the prevalence is
increasing among younger women (10.7-18.1%). These val-
ues were also rather high when compared with the sample in
the present study (23). The prevalence-of HT remained simi-
larty high in the 2003 survey (10.1% for the age group of 30—
39 years, 30.8% for 4049 years, 36.4% for 50-59 years,
52.4% for 60—69 years and 57.5% for those aged =70 years,
with men and women combined) (23). Thus, the prevalence
of both smoking and HT continues to be a major public health
problem, and developing intervention strategies to warn of
the adverse health consequence of smoking and HT should be
a top priority. Secondly, we defined HT as an SBP =140
mmHg, a DBP 290 mmHg, or the current use of antihyper-
tensive medications. Therefore, our results might underesti-
* mate the true PAF due to HT compared with other studies that
used optimal BP levels (SBP <120 mmHg and DBP <80
mmHg) as a reference. Furthermore, since we obtained only
single BP values for each participant, some measurement
error may have occurred. Such error could have resulted in
conservative findings. Finally, we combined never and ex-

smokers into one category because of the small number of
deaths that were observed in the ex-smoker group, particu-
larly among those who were young. Although combining
never and ex-smokers into a single group could have resulted
in an underestimation of the impact of smoking on our PAFs,
this may not have been the case in this instance because, after
adjusting for risk factors, the rate of all-cause and CVD mor-
tality were nearly identical in never and ex-smokers.

In conclusion, our results suggest that eliminating two
major CVD risk factors, namely, smoking and HT, would pre-
vent 35% of CVD deaths in men and 22% of CVD deaths in
women. Moreover, eliminating these factors would prevent
26% of all-cause deaths in men and 15% of all cause deaths in
women. Intervention programs that discourage smoking and
warn of the adverse consequences of HT in adolescence
might eventually yield the greatest health benefits for men
and women <60 years of age, since the increased capacity for
healthy behaviors would be carried over into later life. It
seems likely that the benefits from initial intervention pro-
grams as early in life as possible will increase longevity, not
just in Japan, but throughout Asia.
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CARDIOVASCULAR DISEASE

Is weak association between cigarette
smoking and cardiovascular disease
mortality observed in Japan explained

by low total cholesterol?—NIPPON DATAS80
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An international comparison has indicated that the association between smoking
and cardiovascular disease (CVD) differs according to total cholesterol (TC)
levels. However, little has been published about the relationship between
smoking and CVD mortality among populations with various cholesterol levels.

We calculated the adjusted relative hazard (RH) of smoking for CVD mortality
among 8912 Japanese individuals without a history of stroke or heart disease, who
were separated according to TC. levels of >5.40, 4.81-5.39, 4.26-4.80 and
<4.25mmol/l into groups Q4, Q3, Q2 and Ql, respectively. The P-values for
multiple interactions between TC and smoking status for CVD mortality were
calculated using TC as a continuous variable, dichotomized smoking status (never
vs current), and by including cross-product terms in the regression models.

After 19 years of follow-up, 313 men and 291 women died of CVD. The RH of
CVD mortality among men who currently smoked compared with those who
never smoked was increased with higher TC (RH =2.36 in Q4) and decreased in
those with lower TC (RH=0.85 in Ql) (interaction, P < 0.01). The profiles for
coronary heart disease (CHD) mortality and ischaemic CVD (composite endpoint
of CHD and ischaemic stroke) in men and for ischaemic CVD mortality in
women were identical. The interaction might be explained by a biological
mechanism and by frailty of those who have never smoked with lower TC.

Counteractive measures should be implemented against smoking targeted
towards Japanese with elevated TC levels.

Cigarette smoking, total cholesterol, cardiovascular diseases, interaction,

prospective studies, Japan
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Cigarette smoking is a known risk factor for both coronary
heart disease (CHD) and stroke.' However, although the rate of
cigarette smoking is high among Japanese men, mortality from
ischaemic heart disease is strikingly lower than that in the
USA.*? Smoking is thus considered a weaker CHD risk factor in
Japan than in Western countries.** However, cigarette smoking
is closely related to CHD among Japanese immigrants living in

T Members of the NIPPON DATA Research Group are listed in the Appendix.
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Hawaii* Thus, the between-population difference in CHD
might be explained not by ethnicity but by environmental
factors. Similar to Japan, the Seven Countries Study showed
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INTERACTION OF CIGARETTE SMOKING WITH TC FOR CVD

‘a weaker relationship between smoking and the incidence of
CHD in southern Europe than in Northern Europe and
Yugoslavia.® People living in Asia and in southemn Europe at
the time of the early folow up by the Seven Counties
Study had low average total cholesterol (TC) levels.*®
Furthermore, some recent studies investigating the aetiology
of subclinical atherosclerosis found that low-density lipoprotein
cholesterol is more important for early atheroma formation,
whereas smoking plays a more important role at the later stages
of atherosclerosis.”®

Japanese studies reported before 2000 indicated that cigarette
smoking is not a consistent risk factor for stroke.®!! However,
recent analyses have revealed a close relationship between
cigarette smoking and stroke in Japan.’*** Some investigators
have postulated that this change is due to a recent increase in
dietary fat intake and a relative increase of the blood TC level
in the general population.>"® Thus, the association between
smoking and cardiovascular diseases (CVD) might differ
according to TC level. The aim of the present study was to
determine whether TC level affects the association between
smoking and CVD using a representative Japanese sample.

Methods

The subjects of this cohort study participated in the Japanese
1980 National Cardiovascular Survey, which was conducted
together with a National Nutrition Survey. Nutrition is
surveyed annually in Japan using standardized procedures
and a questionnaire.'>*® All household members aged 30 years
or older in 300 randomly selected census tracts throughout
Japan are included. The 1980 survey included medical
examinations, blood pressure (BP) measurements, blood tests

and a self-administered questionnaire about lifestyle. Trained -

staff at local health centres in the respective districts performed
the medical examinations at local health and community
centres. A history of iliness, including heart disease, stroke and
diabetes, as well as smoking and drinking habits was obtained
from the questionnaire. Height and body weight were
measured, while the subjects wore light clothing and no
shoes. The participants were questioned about whether they
were current smokers, ex-smokers or had never smoked.
Smokers were asked to describe the number of cigarettes
smoked per day. Similarly, alcohol consumption was deter-
mined as never, past, current occasionally or current daily.
A standard sphygmomanometer was used to measure systolic
and diastolic BP. The precision .and accuracy of serum TC
in non-fasting blood samples were verified by the Lipid
Standardization Program administered by the Center for
Disease Control and Prevention, Atlanta, GA, USA.!” Diabetes
was defined as non-fasting serum glucose of 11.1 mmol/
(200mg/dl) or a self-reported history of diabetes.

A total of 10546 individuals, aged 30 years or older, for whom
baseline information regarding age, gender and blood -pressure
was complete in the 1980 data set constituted the study cohort
(NIPPON DATA80)."*'¢ We excluded those with-a history of
stroke (n=117), CHD {n=163), other heart disease (7=475),
no information about confounding factors (n=4), those
without complete information about smoking or TC (n=28)
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and 847 participants who were lost to follow-up. Consequently,
we analysed data from 8912 participants.

As described elsewhere,’>!? the underlying causes of death in
the Japanese National Vital Statistics were coded according to
the 9th (ICD-9) and 10th (ICD-10) International Classifications
of Disease for deaths through 1994 and thereafter, respectively.
Details about the classification and permission to use the
Natjonal Vital Statistics were obtained from the Management
and Coordination Agency of the Government of Japan. The
Institutional Review Board of the Shiga University of Medical
Science approved the study protocol (No. 12-18, 2000).

Statistical analysis

To examine the association between cigarette smoking and
CVD mortality according to TC level, participants were divided
into quartiles Q4, Q3, Q2 and Q1 according to TC levels of
>5.40 mmol/l (>209 mg/dl), 4.81-5.39 mmol/l (186-208 mg/dl),
4.26-4.80mmol/l (165-185mg/dl) and Q1 (TC, <4.25mmolA
(<164 mg/dl). We compared the basic characteristics among the
groups according to a combination of smoking and TC levels
using the mean for continuous variables and ratios (%) for
dichotomous variables.

Age-adjusted CVD mortality rate, relative hazards (RH) and
the 95% confidence intervals (95%CI) for cigarette smoking was
estimated according to TC level using the Cox proportional
hazard model. Individuals who had never smoked were
categorized as the reference group. We estimated the RH
using age-adjusted and multivariate-adjusted models, and
included the following possible confounding factors in the
latter model: age, body mass index (BMI), systolic BP, use
of anti-hypertensive medication, diabetes and alcohol consum-
ption (never, past, occasional and daily). The significance
of multiplicative interactions between TC (continuous) and
smoking status were exarmined using cross-product terms in
the regression model. The interaction was assessed for
CVD mortéhty, CHD mortality, ischaemic stroke mortality
and ischaemic CVD (composite endpoint of CHD and ischaermnic
stroke) mortality. We also separately analysed the relationship
between smoking and CVD or ischaemic CVD mort-
ality according to cholesterol level by age group (<69 and
>69 years, as the median age of the deceased was 69 years).
SAS software (version 9.1) was used for all statistical analyses.

Results

The mean+ SD baseline age of the participants was 50.1+13.1
years and 55.5% .were women. The mean TC level was
4.81+0.85mmoll = (186.2+32.8mg/dl) for  men and
4.91 £0.88mmol/ (190.2 +33.9mg/dl) for women. Proportions of
current smokers, ex-smokers and never .smokers were 63.7, 18.1
and 18.2% for men and 8.8, 2.1 and 89.2% for wormen, respectively.

Table 1 shows the baseline characteristics of the study
participants according to smoking status and TC level.
Proportions of current smokers across ascending TC groups
were. 68.8, 65.6, 62.0 and 57.6% for men and 7.7, 8.6, 9.3 and
9.3% for women in Q1, Q2, Q3, and Q4, respectively. The mean
BMI and systolic BP were higher in groups of both men and
women with higher TC. Similarly, the proportion of participants
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Table 1 Baseline characteristics of participants according to smoking status and total cholesterol level. NIPPON DATAS80, 1980, Japan

Total cholesterol level Q1(<4.25 mmol/)* Q2+Q3 (4.26-5.39 mmolA)® Q4(>5.40 mmol/1)*
Smoking status Never  Ex-smoker  Current Never Ex-smoker Current  Never  Ex-smoker  Current
Men ’
Number of participants 173 149 709 366 361 1283 184 207 531
Age (years) 51.1 54.3 50.1 51.0 52.0 49.1 48.7 53.1 47.8
Total cholesterol (mmol/1) 3.84 3.80 3.83 4.81 4.80 4.77 5.93 6.01 5.97
Body mass index (kg/mz) 224 21.7 214 229 22.7 223 24.0 233 235
Systolic blood pressure (mmHg) 136.3 138.9 136.2 137.5 139.1 138.2 141.1 141.7 137.7
Antihypertensive medication (%) 9 11 7 12 9 8 11 14 9
Diabetes (%) 1 5 6 7 4 7 8 10 10
Drinking status
Never (%) 28 25 17 29 16 18 25 21 18
Past (%) 3 8 5 5 7 4 4 11 5
Occasional (%) 39 21 25 34 26 24 33 24 25
Daily (%) 29 46 53 33 49 54 38 4 52
‘Women
Number of participants 1074 22 91 2152 50 217 1187 31 125
Age (years) 44.6 48.8 473 50.0 53.3 50.7 55.1 58.7 54.5
Total cholesterol (mmol/) 3.87 3.89 3.81 4.81 4.91 4.83 6.03 6.16 5.98
Body mass index (kg/m?®) 222 212 215 22.8 22.9 22.0 23.7 24.2 23.7
Systolic blood pressure (nimHg) 128.1 134.7 1274 1323 136.8 131.1 139.6 146.6 141.1
Antihypertensive medication (%) 6 9 7 9 10 7 17 29 14
Diabetes (%) 2 5 2 4 12 3 6 3 7
Drinking status
Never (%) 81 50 45 82 52 53 82 52 58
Past (%) 1 9 2 1 6 6 . 1 16 4
Occasional (%) 16 32 37 15 34 29 15 19 29
Daily (%) 2 9 15 2 8 12 2 13 9

#<4.25 mmoll, <164 mg/dl; 4.26-5.39 mmol/, 165-208 mg/dl; >5.40mmoll, > 209 mg/dl.

taking anti-hypertensive medication was higher in the groups
with higher TC. The mean age of the women was higher in the
higher TC group, but this did not apparently differ among the
men. Compared with current smokers and those who had
never smoked, ex-smokers tended to be older and more of them
were taking anti-hypertensive medication and had diabetes.
The proportions of those who had never consumed alcohol were
higher among those who had never smoked.

After 19 years of follow-up, 313 men and 291 women died of
CVD. Table 2 shows the risk of CVD mortality associated with
cigarette smoking according to TC levels. The adjusted RH of
current cigarette smoking for CVD mortality among men was the
highest in Q4 (RH = 2.36; 95%CI: 1.14-4.87) and the lowest in Q1
(RH=0.85; 95%CI: 0.49-1.49). The P-value for interactions
between smoking status (ever vs never) and TC level (continuous)
for CVD mortality were 0.01. This interaction was also unchanged,
when we excduded ex-smokers (P for interaction <0.01).
Table 2 indicates that the findings for women were inconsistent.

Because the higher CVD mortality rate in those who had
never smoked with lower TC was due to frailty, we further
excluded early death that occurred within 5 years. However,
the observed significant interactions were unchanged (P for
interaction, 0.02).

Disease-specific analyses revealed that the P-values for interac-
tions between smoking status and total cholesterol were 0.03 for
CHD deaths and 0.01 for ischaemic CVD (CHD + ischaemic
stroke) in men (Table 3). Although an interaction between
smoking status and TC for total CVD mortality was niot apparent
in women, the relationship between cholesterol and ischaemic
CVD was closer in smokers than in non-smokers among women
(P for interaction, 0.02 for ischaemic CVD).

Because the age distribution differed by TC categories in
women, we analysed interactions between smoking and
cholesterol for CVD or ischaemic CVD separately by age group
(<69 and >69 years). For most of the age-specific analyses
except the relationship between smoking and CVD mortality
according to TC level in women aged >69 years, the relationship
of TC with diseases was also closer in current smokers than in
those who had never smoked (data not shown).

Discussion

The present study found that the relationship between cigarette
smoking and CVD mortality is affected by TC level in men. This
pattern was also observed for CHD muortality and ischaemic
CVD in men and for ischaemic CVD mortality in women.
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