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V'Gl“tar_“y't"a_"“fe"asei Background: Studies have shown that baseline serum y-glutamyltransferase (GGT) is indepen-
;'tearkt fi‘sease’ dently associated with cardiovascular disease (CVD) risk in men and women. However, less is
Mcr’:tael;ty' known whether GGT is similarly associated with both stroke and heart disease (HD) risk in Asia.

Asia We examined an association between serum GGT and deaths from stroke and HD in Japanese
men and women.
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Methods: From 1990 to 2005, we followed 7488 adults (3089 men) randomly selected from 300
districts throughout Japan, aged 30—95 with no history of coronary disease nor stroke at base-
line. Cox proportional hazards models were used to estimate adjusted hazard ratios (HRs)
according to sex-specific GGT strata.

Results: During the study period, observed deaths from HD and stroke were 165 (83 men), and
135 (66 men), respectively. After adjustment for confounding factors, HRs of HD death for
25th, 50th, 75th, and 90th GGT percentiles in reference to the lowest GGT stratum were
1.61, 2.28, 2.48, and 4.59 in women (P for trend = 0.001), and 0.90, 0.74, 1.42, and 1.56 in
men (P for trend = 0.250). The corresponding HRs of total stroke death were 1.52, 0.95,
1.22, and 1.34 in women (P for trend = 0.785), and 0.75, 0.91, 1.26, and 1.02 in men (P for
trend = 0.642). Results were similar when analysis was limited to never-drinkers.

Conclusion: This cohort study of representative Japanese men and women suggested that
baseline GGT independently predicts future HD mortality risk, especially in women, but not
stroke mortality risk in Asian.

© 2010 World Heart Federation. Published by Elsevier Ltd. All rights reserved.

Introduction

Elevated serum y-glutamyltransferase (GGT) level has been
shown to predict cardiovascular diseases (CVD) incidence
[1,2] and mortality [3] but less is known whether GGT is
independently associated with both heart disease (HD)
and stroke mortalities. For example, a meta-analysis that
pooled prospective cohorts showed that GGT was associ-
ated with both incident coronary heart disease (CHD) and
incident stroke [4], but many of the enrolled studies
[2,3,5,6] did not take into account effect of alcohol con-
sumption. Furthermore, current evidence on association
between GGT and CVD risk is largely based on US and/or
European populations. Asian populations are far less studied
for association of GGT with risk of HD and stroke [7].
Although we previously reported an independent associa-
tion between GGT and CVD death [8], we felt that events
were too few to study an association with HD and stroke
separately. In this study with extended follow-up period,
we investigated whether serum GGT level at baseline is
independently associated with long-term mortality from
HD and stroke in both men and women in Japan. The ques-
tion is of particular importance because stroke is more
common in Asia compared to Europe and US. In addition,
mortalities from CHD and ischemic stroke were examined
as our secondary outcomes. We studied a cohort of repre-
sentative Japanese men and women that has been followed
up for 15 years.

Methods
Study participants

The National Integrated Project for Prospective Observation
of Non-communicable Disease and its Trends in the Aged
(NIPPON DATA) consists of two ongoing cohorts that are
based on two national surveys conducted in Japan. Detailed
methods in constructing the cohorts were described else-
where [9—11]. In brief, they were constructed upon the Na-
tional Survey of Circulatory Disorder conducted in 1980, and
in 1990, which become the bases of '‘NIPPON DATA80’’ [9]
and "NIPPON DATA90'’ [10], respectively. Both surveys in-
cluded physical examination, laboratory tests, and self-

administered questionnaire on lifestyle and medical infor-
mation. The present study was based only on NIPPON
DATA90 because the baseline survey of NIPPON DATAS80
did not contain measurement of serum GGT level.

We followed a total of 8383 community residents (3504
men and 4879 women; age 30 or older) from 300 randomly
selected districts across the nation until November 15,
2005. The overall population of > 30-year-old in all the dis-
tricts was 10,956, and the participation rate in the survey
was 76.5%. Of the 8383 participants, we excluded 895 par-
ticipants for the following reasons; no baseline GGT mea-
surement {n=662), those with CHD and/or stroke at
baseline (n=222), and with missing pertinent covariates
(n=11), leaving 7488 individuals for analysis (3089 men,
4399 women). We utilized the National Vital Statistics to
ascertain the cause of death. In accordance with Japan'’s
Family Registration Law, all death certificates, issued by a
physician, are to be forwarded to the Ministry of Health, La-
bour and Welfare via the public health center in the area of
residency. The cause of death is then coded for the National
Vital Statistics. The 9th International Classification for Dis-
ease (ICD9) was used for deaths occurring up to the end of
1994, and the 10th International Classification for Disease
(ICD10) for deaths occurring thereafter. Permission was ob-
tained from the Management and Coordination Agency of
the Japanese Government for use of pertinent information
from the National Vital Statistics. The respective codes for
ICD9 and 10 used were as follows: heart disease (HD),
393—-429 (ICD9), 101109, 111, 113, 120150 (ICD10); stroke,
430—-438 (ICD9), 160—169 (ICD10); coronary heart disease
(CHD), 410—414 (ICD9), 120125 (ICD10); ischemic stroke
433, 434, 437.8a, 437.8b (ICD9), 163, 169.3 (iCD10). The
study was approved by the Institutional Review Board of Shi-
ga University of Medical Science (No. 17—-21, 2005).

Measurement

The baseline survey was conducted by a public health center
in each area. Blood pressure was measured by a trained
staff member using a standard mercury sphygmomanometer
over the right arm of a seated participant after at least
5 min-rest. Body mass index (BMI) was calculated as weight
in kilogram divided by square of height in meter. From the
self-administered questionnaire, the following information
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was obtained; physician-diagnosed diseases [Yes, No, Un-
known] (stroke, myocardial infarction), status of clinical
visit for the corresponding medical condition, and use of
medication. Alcohol intake was first categorized into
[Never, Current, Former], then further asked amount
(''go’’, the traditional Japanese unit for sake, per day;
1gou (180 mL) of sake contains 23 g of alcohol) of consump-
tion for those who responded as *'current’’. Based on these
questions, we used three categories (never, past, current)
in main analysis, and six categories (never, past, current
<23 g of alcohol/day, current 23 g to <46 g/day, current 46 g
to <69 g/day, and current >69 g/day) in sensitivity analysis.
Smoking status was categorized into three groups; never-
smoker, ex-smoker, and current-smoker. Exercise status
was grouped into three categories; ‘"unable to exercise
due to a health related reason’’, "‘unable to exercise due
to a non-health related reason’’, and **exercise regularly’’.
Public health nurses confirmed information on smoking,
drinking habits, and medical history.

Non-fasting blood samples were obtained and serum was
separated and centrifuged immediately after blood coagula-
tion. Plasma samples were also obtained in a siliconized
tube containing sodium fluoride. Serum GGT was measured
using 3-carboxyl-4-nitroanilide substrate methods based on
International Federation of Clinical Chemistry and Labora-
tory Medicine with Hitachi 736-60 (Hitachi Ltd., Tokyo, Ja-
pan). Glutamyl oxaloacetic transaminase (GOT; also
known as aspartate aminotransferase, AST) and glutamyl
pyruvic transaminase (GPT; also known as alanine amino-
transferase, ALT) were measured using ultraviolet methods.
Serum total cholesterol and triglycerides (TG) as well as
plasma glucose were measured enzymatically. High-density
lipoprotein (HDL) cholesterol was measured by the precipi-
tation method using heparin-calcium. Lipid measurements
were standardized using the Lipids Standardization Program
from the Centers for Disease Control/National Heart, Lung
and Blood Institute. Diabetes mellitus was defined as serum
glucose >200 mg/dL and/or presence of self-reported his-
tory. All samples were shipped to the central laboratory
(SRL, Tokyo, Japan) for measurement.

Statistical analysis

Because the relationship between GGT and CVD mortality
was different by gender in our previous study [8], all analy-
ses were performed separately in men and women. For main
analysis, GGT level was categorized into five groups using
sex-specific cut-off points of the 25th, 50th, 75th, and
90th percentiles computed over the each gender group, fol-
lowing previous works by Lee and the colleagues [1,12,13].
In estimating mortality risk, we first calculated crude total
mortality rates according to the GGT strata. Then, multivar-
iate-adjusted hazard ratios (HRs) were estimated using Cox
proportional hazards model. Because distributions for GOT,
GPT, and TG were right-skewed, values were naturat log-
transformed (In-GOT, |n-GPT, In-TG) when entering models
as well as upon calculating linear trend across baseline GGT
strata. Model 1 was adjusted for age only. Model 2 was
further adjusted for systolic blood pressure (mmHg), BMI
{(kg/m?), smoking status, regular exercise status, and total
and HDL cholesterol (mg/dL), In-TG, and diabetes mellitus

at baseline. In Model 3, we further adjusted for alcohol
intake. Model 4 further included In-GOT and ln-GPT. We
conducted a parallel procedure on the subgroup who re-
ported as a never-drinker. To avoid instability in estimation,
we used 25th and 50th percentiles combined as a reference
group for secondary outcomes (CHD, ischemic stroke) due to
their fewer events. Trends across the GGT strata were
tested by regression with a median value used for a corre-
sponding GGT stratum. All the statistical tests were two-
tailed, and values of P < 0.05 were considered significant.
Statistical analyses were conducted with SAS release 9.1.3
(SAS Institute, Cary, NC, USA).

Results

Characteristics of the participants at baseline are shown in
Table 1. Median age (years) at baseline was 51 for women
and 52 for men. Median BMI (kg/m?) was 22.5 for women
and 22.9 for men. Only less than 7% of the women reported
as a current-drinker whereas more than a half (59%) of the
men did so. Majority (92%) of the women reported as a
never-drinker. The 25th, 50th, 75th, and 90th percentile
levels of GGT were 8, 12, 17, 26, and 52 U/L for women,
and 15, 24, 41, 76, and 158 U/L for men. There was a clear
gender difference in age distribution across GGT strata. As
GGT level increased, the median age increased in women,
whereas it decreased in men (P for trend < 0.001 for both).
Despite such difference in age distribution, many cardiovas-
cular risk factors were similarly associated with GGT level in
both sexes; as GGT increases, BMI, total cholesterol, TG,
systolic and diastolic blood pressure levels increased in both
men and women (P for trend < 0.001 for all those variables
in both sexes). The proportions of current-drinker and cur-
rent-smoker were higher in higher GGT strata for both
men and women, but there was a striking gender difference
in absolute proportions such that both current-drinker and
current-smoker were much fewer in women than in men
even in the highest GGT group.

During the mean follow-up of 13.7 years, we observed
165 HD deaths (83 men), and 135 stroke deaths (66 men).
Deaths due to CHD and ischemic stroke were 65 (40 men),
and 83 (men 42), respectively. Estimated crude mortality
rate, adjusted hazard ratios (HRs) for deaths from HD,
CHD, total and ischemic stroke according to GGT strata
are shown in Table 2 for women and in Table 3 for men.

In women, crude mortality rates (per 1000 person-years)
were similar between HD and total stroke; 1.34, and 1.13,
respectively (Table 2). By Cox regression models, we
observed a significant graded positive association between
GGT and HD mortality in women. After multivariate
adjustment, the HRs of HD death of 25th, 50th, 75th, 90th
GGT strata were 1.61, 2.28, 2.48, and 4.59 in reference to
the lowest GGT group (Model 4, Pfor trend = 0.001), The asso-
ciation pattern of CHD death was similar to, and with appar-
ently greater strength than HD (Table 2). In contrast, we
observed no clear association between GGT and neither total
stroke nor ischemic stroke death throughout the models.

In men, crude mortality rates (per 1000 person-years)
were 2.00 for HD, and 1.59 for stroke, respectively
{Table 3). In Models 3 and 4, we observed an apparent
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J-shaped trend between GGT levels and HD death. The  in CHD deaths with adjusted HRs for 50th, 75th, and
‘adjusted HRs for 25th, 50th, 75th, and 90th GGT percen- 90th GGT percentiles being 0.47, 1.98, and 2.68. Similar
tiles in reference to the lowest GGT group were 0.90, to women, we observed no clear association between
0.74, 1.42, and 1.56, respectively (Model 4, P for  GGT and neither total nor ischemic stroke death through-
trend = 0.250). The J-shape association was more evident out the models.

Table 1 Characteristics of the participants at baseline.

Sex-specific GGT? Total
<25th 25 to <50th 50 to <75th 75 to <90th >90th

Women
No. 960 1138 1124 719 458 4399
Age (years) 45 49 52 56 56 51 (41—-62)
BMI (kg/m?) 21.5 21.9 22.8 23.6 23.9 22.5 (20.5-24.8)
Total cholesterol (mg/dL) 192 200 206 214 220 203 (179-231)
HDL-C (mg/dL) 57 57 55 55 53 56 (46—66)
Triglycerides {mg/dL) 82 95 103 116 130 101 (71—-145)
GOT (U/L) 18 19 20 22 27 20 (17—-24)
GPT (U/L) 12 14 16 20 28 16 (12-22)
SBP (mmHg) 126 128 132 138 140 130 (118—146)
DBP (mmHg) 76 78 80 82 82 80 (70—88)
Use of antihypertensives (%) 12.5 16.0 21.4 29.1 31.2 20.3
Diabetes mellitus (%) 2.1 3.0 3.7 6.5 7.9 4.1
Smoking

Never (%) 91.9 88.4 87.5 86.2 83.4 88.1

Former (%) 1.9 3.6 2.5 2.1 2.4 2.6

Current (%) 6.3 8.0 10.0 11.7 14.2 9.4
Drinking

Never (%) 96.7 93.7 92.1 90.4 84.1 92.4

Former (%) 0.4 1.1 1.1 1.3 0.9 1.0

Current (%) 2.9 5.2 6.9 8.3 : 15.1 6.7
Regular exercise

Not, for health (%) 5.8 6.0 6.0 8.3 9.4 6.7

Not, for other reason (%) 78.1 74.3 75.6 71.8 71.8 74.8

Yes (%) 16.0 19.7 18.3 19.9 18.8 18.5
Men
No. 681 831 795 472 310 3089
Age (years) 56 55 51 49 49 52 (41—63)
BMI (kg/m?) 21.4 22.4 23.4 24.2 24.0 22.9 (20.8-24.9)
Total cholesterol (mg/dL) 182 194 200 203 204 195 (174-221)
HDL-C (mg/dL) 48 48 48 47 51 48 (40-58)
Triglycerides (mg/dL) 93 108 132 154 172 119 (83—181)
GOT (U/L) 20 22 24 27 34 24 (19-29)
GPT (U/L) 16 19 24 31 42 22 {16—32)
SBP (mmHg) 132 132 136 140 138 136 (124—150)
DBP (mmHg) 80 80 84 88 88 84 (76—90)
Use of antihypertensives (%) 14.5 17.8 16.5 20.3 17.1 17.1
Diabetes mellitus (%) 6.2 6.4 6.9 8.9 9.4 7.2
Smoking

Never (%) 26.3 21.8 20.0 17.4 12.6 20.7

Former (%) 22.9 25.5 23.6 21.6 18.7 23.2

Current (%) 50.8 52.7 56.4 61.0 68.7 56.1
Drinking

Never (%) 57.1 42.7 28.4 15.5 10.0 34.8

Former (%) 6.8 8.2 5.9 4.7 3.5 6.3

Current (%) 36.1 49.1 65.7 79.9 86.5 59.0
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Table 1 (continued)

Sex-specific GGT? Total
<25th 25 to <50th 50 to <75th 75 to <90th 290th
Regular exercise
Not, for health (%) 5.0 5.3 45 4.9 1.3 4.6
Not, for other reason (%) 7.2 72.0 . 72.8 75.8 76.8 73.1
Yes (%) 23.8 22.7 22.6 19.3 219 22.3

Values are expressed in median unless otherwise specified. Numbers in parenthesis are inter-quartile ranges.
Abbreviations: GGT, y-glutamyltransferase; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; GOT, glutamyl oxaloa-
cetic transaminase; GPT, glutamyl pyruvic transaminase; SBP, systolic blood pressure; and D8P, diastolic blood pressure.

* Cut-off GGT values (U/L) for 25th, 50th, 75th, and 90th percentile were 8, 12, 17, 26 and 52 in women and 15, 24, 41, 76 and 158 in
men, respectively.

Table 2 Crude rates and multivariate-adjusted HR for heart disease and stroke deaths in women.

GGT category (value in U/L}) <25th 25 to <50th 50 to <75th 75 to <90th >90th Total
(1-10) (11—14) (15-21) (22-36) (37—385)

Person-years 13,467 15,933 15,698 9844 6072 61,012
Heart disease death
No. 10 16 21 19 16 82
Crude rate (per 1000 person-years) 0.74 1.00 1.34 1.93 2.64 1.34

P for trend
Model 1 1 1.44 1.90 2.15 3.52 <0.001
Model 2 1 1.61 2.31 2.54 4.81 <0.001
Model 3 1 1.61 2.31 2.57 4.88 <0.001
Model 4 1 1.61 2.28 2.48 4.59 0.001
CHD death
No. 5 7 7 6 25
Crude rate (per 1000 person-years) 0.17 0.45 0.71 0.99 0.41

P for trend
Model 1 1 2.72 3.39 5.66 0.005
Model 2 1 3.27 4,40 7.95 0.001
Model 3 1 3.35 4.46 7.59 0.002
Model 4 1 3.56 5.01 10.31 0.002
Tota! stroke death
No. 14 22 13 13 7 69
Crude rate (per 1000 person-years) 1.04 1.38 0.83 1.32 1.15 1.13

P for trend
Model 1 1 1.40 0.84 1.06 1.10 0.890
Model 2 1 1.48 0.94 1.14 1.27 0.881
Model 3 1 1.50 0.93 1.15 1.32 0.819
Model 4 1 1.52 0.95 1.22 1.34 0.785
Ischemic stroke death
No. 27 4 7 3 41
Crude rate (per 1000 person-years) 0.92 0.25 0.71 0.49 0.67

P for trend
Model 1 1 0.30 0.64 0.57 0.298
Model 2 1 0.33 0.68 0.66 0.455
Model 3 1 0.32 0.67 0.69 0.483
Model 4 1 0.32 0.70 0.67 0.552

Model 1 was adjusted for age. Model 2 further included systolic blood pressure, BMI, smoking, exercise, total cholesterol, HDL-choles-
terol, In-TG, and diabetes mellitus. Model 3 further included alcohol intake (never, past, current). Model 4 further included In-GOT and ln-
GPT.

Abbreviations: CHD, coronary heart disease; GGT, y-glutamyltransferase; BMI, body mass index; HDL, high-density lipoprotein; GOT,
glutamyl oxaloacetic transaminase; GPT, glutamyl pyruvic transaminase; SBP, systolic blood pressure; and DBP, diastolic blood pressure.
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Table 3 Crude rates and multivariate-adjusted HR for heart disease and stroke deaths in men.

GGT category (value in U/L) <25th 25 to <50th 50 to <75th 75 to <90th >90th Total
(1—18) (19-30) (31-57) (58—110) (111-1803)

Person-years 8939 11,114 10,862 6488 4140 41,542
Heart disease death
No. 30 24 14 10 5 83
Crude rate (per 1000 person-years) 3.36 2,16 1.29 1.54 1.21 2.00

P for trend
Model 1 1 0.72 0.53 0.84 0.80 0.754
Model 2 1 0.81 0.62 1.02 1.08 0.704
Model 3 1 0.87 0.69 1.30 1.43 0.324
Model 4 1 0.90 0.74 1.42 1.56 0.250
CHD death
No. 25 4 7 4 40
Crude rate (per 1000 person-years) 1.62 0.37 1.08 0.97 0.96

P for trend
Model 1 1 0.38 1.39 1.49 0.343
Model 2 1 0.41 1.52 2.05 0.134
Model 3 1 0.46 1.97 2.74 0.048
Model 4 1 0.47 1.98 2.68 0.060
Total stroke death
No. 20 16 16 10 4 66
Crude rate (per 1000 person-years) 2.24 1.44 1.47 1.54 0.97 1.59

P for trend
Model 1 1 0.72 0.97 1.41 1.13 0.380
Model 2 1 0.76 0.96 1.35 1.16 0.440
Model 3 1 0.77 0.98 1.40 1.23 0.398
Model 4 1 0.75 0.91 1.26 1.02 0.642
Ischemic stroke death
No. 24 13 4 1 42
Crude rate (per 1000 person-years) 1.20 1.20 0.62 0.24 1.01

P for trend
Model 1 1 1.47 1.16 0.59 0.839
Model 2 1 1.45 0.97 0.52 0.616
Model 3 1 1.59 1.15 0.65 0.845
Model 4 1 1.64 1.19 0.65 0.794

Model 1 was adjusted for age. Model 2 further included systolic blood pressure, BMI, smoking, exercise, total cholesterol, HDL-choles-
terol, In-TG, and diabetes mellitus. Model 3 further included alcohol intake (never, past, current). Model 4 further included In-GOT and In-

GPT.

Abbreviations: CHD, coronary heart disease; GGT, y-glutamyltransferase; BMI, body mass index; HDL, high-density lipoprotein; GOT,
glutamyl oxaloacetic transaminase; GPT, glutamyl pyruvic transaminase; SBP, systolic blood pressure; and DBP, diastolic blood pressure.

The results were virtually unchanged when detailed cat-
egorization for alcohol intake was used in the models (data
not shown). For subgroup analysis on never-drinker, ob-
served number of death from HD and from stroke were 79
and 68 in women (n=4064), and 41 and 24 in men
(n=1074), respectively. Estimated patterns of association
were similar to the main analysis except that no J-shaped
trend was observed between GGT and HD in men. The ad-
justed HRs for HD death of 25th, 50th, 75th, 90th GGT strata
were 1.56, 2.36, 2.36, and 5.46 in women (P for trend <
0.001), 0.56, 0.79, 0.30, and 0.77 in men (P for trend =
0.564); the corresponding HRs for stroke death were 1.54,
0.98, 1.24, and 1.45 in women (P for trend = 0.679), 1.00,
0.70, 1.58, and 0.00 in men (P for trend = 0.815. No events
in the highest group) (data not tabulated).

Discussion

In this 15-year follow-up study, we examined whether base-
line GGT is independently associated with both HD and
stroke deaths in Japanese men and women. We observed
positive associations of GGT with the risk of total HD mor-
tality and of CHD mortality in women. For men, there
seemed to be a non-significant J-shaped trend of HD, espe-
cially CHD. In contrast, we did not observe a clear associa-
tion between GGT and stroke mortality in either sexes.
Previous studies indicated that elevated GGT is associ-
ated with increased risk for CVD, but less is clear whether
GGT is independently associated with both HD and stroke
mortality. For example, Fraser and colleagues conducted a
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meta-analysis pooling prospective cohorts, and showed that
GGT was associated with both incident CHD and incident
stroke [4]. However, many studies including those in the
meta-analysis did not adjust for alcohol intake [2,3,5,
6,14], which left a possibility of confounding by alcohol ef-
fect. We dealt with this issue by both statistical adjustment
and by restriction to never-drinkers, and the results from
both approaches seemed similar. Another uncertainty is
regarding a potential ethnic difference. Current evidence
on association between GGT and CVD risk is largely based
on US/European population, and Asians are far less studied.
Since stroke is more common in east-Asia [15] compared to
the US/European population, it is important to examine dis-
ease-specific association of GGT.

In our study population, stroke death rate was higher
than that of CHD. Thus, it is unlikely that the observed null
association with stroke risk is attributable to fewer deaths
in light of positive association with CHD risk in women. How-
ever, the null association with stroke is not consistent with
some studies including one from Japan that reported a posi-
tive association with incident stroke [7]. Although the exact
reason for this inconsistency is unclear, we specutate fol-
lowings reasons. First, stroke includes etiologically heterog-
enous conditions with different fatality risk [16,17].
Therefore, factors that affect stroke incidence may be dif-
ferent from those of stroke death. Second, prevalence of
stroke subtype can be different between Asians and Cauca-
sians [18], which could lead to difference in association.

We observed sex-difference in association of GGT with
HD and CHD; not significant in men, whereas significant
and monotonic in women. Similar sex-difference in associa-
tion of GGT with incident stroke was reported from a Japa-
nese population [7]. Such difference might be explained by
the fact that GGT level is affected not only by alcohol con-
sumption, but also obesity (through visceral and hepatic fat
[19]), as well as smoking in the presence of alcohol [20].
Most women in our study were never-drinker, never-smoker,
and young female tended to have lower BMI. In contrast,
among our male group, both alcohol intake and smoking ha-
bit were common especially in the young who tended to
have greater BMI. In a population such as our male group,
the association of GGT may be obscured despite the at-
tempt to deconfound. A larger sample size for never-drink-
ing men is needed to examine this issue.

GGT bhas other potentially important determinants that
can be even stronger than liver function or alcohol con-
sumption [21]. Biological mechanism in explaining the link
between elevated GGT and CVD mortalities is not fully
understood. Serum GGT is considered to be a marker for
insulin resistance [22], as well as for oxidative stress and
inflammation which may lead to cardiovascular diseases
[23,24]. Another mechanism has been suggested by histo-
chemical analyses showing GGT activity expressed by mac-
rophage-derived foam cells within human atheromas [25]
co-localizing with oxidized LDL [26]. Furthermore, GGT is
shown to mediate LDL oxidation [27], indicating that GGT
is a potential marker for the preclinical atherosclerosis.

Major strengths of the study include prospective study
design with longitudinal ascertainment of deaths, length
of follow-up, and enrollment of both sexes with a broad
age range based on the National Survey on randomly sam-
pled areas nationwide, which made our cohort representa-

tive of the Japanese population. Several limitations should
be mentioned. First, we did not have incidence data for
CHD and stroke. Thus we were unable to examine potential
difference between incidence and mortality. Second, we
did not have information pertinent to hepatic conditions,
such as chronic viral hepatitis, although we believe this lim-
itation is less likely to distort our inference because our
main outcomes are CVD mortalities, not hepatic/gastroin-
testinal or total mortalities.

Conclusion

We found that baseline GGT level was independently associ-
ated with long-term risk of HD mortality, especially in wo-
men, but not with stroke mortality in a representative
sample of Japanese population,
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Abstract

3.9% in women).

Background: Smoking and metabolic syndrome are known to be related to cardiovascular diseases (CVD) risk. In Asian
countries, prevalence of obesity has increased and smoking rate in men is still high. We investigated the attribution of
the combination of smoking and metabolic syndrome (or obesity) to excess CVD deaths in Japan.

Methods: A cohort of nationwide representative Japanese samples, a total of 6650 men and women aged 30-70 at
baseline without history of CVD was followed for 15 years. Multivariate-adjusted hazard ratio for CVD death according
to the combination of smoking status and metabolic syndrome (or obesity) was calculated using Cox proportional
hazard model. Population attributable fraction (PAF) of CVD deaths was calculated using the hazard ratios.

Results: During the follow-up period, 87 men and 61 women died due to CVD. The PAF component of CVD deaths in
non-obese smokers was 36.8% in men and 11.3% in women, which were higher than those in obese smokers (9.1% in
men and 5.2% in women). The PAF component of CVD deaths in smokers without metabolic syndrome was 40.9% in

men and 11.9% in women, which were also higher than those in smokers with metabolic syndrome (7.1% in men and

Conclusion: Our results indicated that a large proportion of excess CVD deaths was observed in smokers without
metabolic syndrome or obesity, especially in men. These findings suggest that intervention targeting on smokers,
irrespective of the presence of metabolic syndrome, is still important for the prevention of CVD in Asian countries.

J

Background

Obesity and clustering of its related factors, now called as
metabolic syndrome, have been widely reported as
important risk factors for cardiovascular diseases (CVD)
[1-6], and, also in Asian countries including Japan, obe-
sity has emerged as a new health problem [5]. The
National Health and Nutrition Survey in Japan in 2005
showed that 22.4% of adult men and 10.8% of adult
women were diagnosed as having metabolic syndrome
[7]. Therefore, it is expected that metabolic syndrome or
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! Department of Health Science, Shiga University of Medical Science, Seta
Tsukinowa-cho, Otsu, Shiga 520-2192, Japan
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obesity would contribute to a large part of excess CVD
events in Japan.

On the other hand, cigarette smoking is an established
risk factor for CVD [8-12] and one of the biggest health
problems in Asian countries including Japan [9,12,13]. In
Asian countries, smoking rate in men is still high at 40 to
50% [14]. In Japan, smoking rate in 2005 was also high at
39.3% in men [15]. Therefore, smoking has largely con-
tributed to increase CVD events in Asia, and it was
reported that up to 30% of cardiovascular deaths was
attributed by smoking in Asia Pacific region [16].

However, there have been few reports on the attribu-
tion of the combination of smoking status and metabolic
syndrome (or obesity) to CVD deaths in Asian countries.

- . © 2010 Takashima et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Com-
( ) BioMed Central mons Astribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.
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Several previous studies also reported that CVD risk was
high in both smokers and non-smokers with clustering of
metabolic risk factors [17]. Therefore, it is important to
elucidate the attribution of obesity, metabolic syndrome,
and smoking to CVD mortality in Asia, where obesity is
still less common compared with Western countries.

The purpose of this report is to examine excess CVD
deaths and population attributable fractions on CVD
deaths by the combination of smoking and metabolic syn-
drome (or obesity) in a 15-year cohort study of randomly
selected representative Japanese samples from the
National Survey on Circulatory Disorders of Japan.

Methods

Participants and follow-up

Cohort studies of the National Survey on Circulatory Dis-
orders of Japan comprise the National Integrated Project
for Prospective Observation of Non-communicable Dis-
ease and Its Trends in the Aged (NIPPON DATA). Base-
line surveys for the cohort of this report were performed
in 1990 (NIPPON DATA90) [18,19]. We analyzed the 15-
year follow-up data of NIPPON DATA90 in this report.

A total of 8383 men and women aged = 30 years from
300 randomly selected districts were participated in the
survey in 1990. The baseline surveys were carried out at
local public health centers. The participation rate in the
baseline survey was 76.5%. The present study was for
7329 participants aged 30 to 70 years at baseline, From
these participants, we excluded 379 participants who had
a history of coronary heart disease or stroke (n = 249) or
who had missing information in the baseline survey (n =
130). Thus, 6650 participants (2752 men and 3898
women) were eligible for the analyses.

NIPPON DATA90 has completed follow-up surveys
until 2005. We used the National Vital Statistics data to
indentify the cause of death. The underlying causes of
death in the National Vital Statistics were coded accord-
ing to the SthInternational Classification of Disease (ICD-
9) until the end of 1994 and according to the 10thInterna-
tional Classification of Disease (ICD-10) from 1995.
Deaths from any CVD were identified by ICD-9 codes
(393-459) and ICD-10 codes (I00-199). The details of the
classification are described elsewhere [18,19]. The Insti-
tutional Review Board of Shiga University of Medical Sci-
ence (NO.12-18, 2000) approved the study.

Biochemical and physical examinations

Public health nurses obtained data including smoking
habit, as well as current health status and medical history.
Public health nurses asked all participants about current
smoking status (current smoking, past smoking and
never-smoking), the number of cigarettes per day and the
duration of smoking. Smoking habit was categorized into
non-smoker, past smoker and current smoker. Drinking
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habit was categorized into non-drinker, past drinker,
occasional drinker and daily drinker. Body mass index
was calculated as weight divided by height squared (kg/
m?2).

Non-fasting blood samples were obtained at the base-
line survey. The serum was separated and centrifuged
soon after blood coagulation. Plasma samples were col-
lected in siliconized tubes containing sodium fluoride
and shipped to one laboratory (SRL, Tokyo, Japan) for
blood measurements. Plasma glucose was measured
enzymatically. Serum triglycerides and total cholesterol
were also measured enzymatically, and high density lipo-
protein (HDL) cholesterol was measured after heparin-
calcium precipitation [20].

We defined metabolic risk factors using the Japanese
criteria of the metabolic syndrome [21,22] as follow: obe-
sity as body mass index = 25 kg/m? high blood pressure:
BP > 130/85 mm Hg or on treatment for hypertension;
high blood glucose: serum glucose > 110 mg/dl or on
treatment for diabetes; dyslipidemia: serum triglyceride >
150 mg/dl, HDL cholesterol < 40 mg/dl or on treatment
for dyslipidemia. We defined the metabolic syndrome as
having obesity (defined as body mass index = 25 kg/m?)
and two or more other metabolic risk factors; the defini-
tion was modified from the Japanese criteria [22] where
the presence of obesity is essential. We defined metabolic
risk factors clustering as having two or more metabolic
risk factors.

Statistical analysis

Multivariate-adjusted hazard ratios (HR) of all CVD
deaths for each component of metabolic risk factors
including BMI, systolic BP (SBP), triglyceride, glucose,
HDL cholesterol were calculated using Cox proportional
hazards models. Multivariate-adjusted HR for all CVD
deaths according to metabolic risk factors and smoking
categories were calculated using Cox proportional haz-
ards models adjusted for age and drinking. Non-smokers
without metabolic syndrome or obesity were set as the
reference group.

Population attributable fractions (PAF) for CVD deaths
due to the combination of smoking and metabolic syn-
drome (or obesity) were calculated based on hazard ratios
assessed by proportional hazards models [23,24]. PAF
was estimated as pd x (HR-1)/HR where pd is the propor-
tion of death cases arising from the each categories. All
analyses were performed by SAS 9.1 (Statistical Analysis
System, Cary, NC).

Resuits

Baseline characteristics are shown in Table 1. Mean age at
baseline was 49.9 years in men and 49.0 years in women.
Mean body mass index was 23.1 kg/m? in men and 22.9
kg/m?2 in women. Smoking rate was 58.0% in men and
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Table 1: Baseline characteristics of study population, NIPPON
DATA90, men and women aged 30 to 70 years in 1990,

Men Women

Number (N) 2752 3898
Age (year) 499 +11.2 490 £11.3
BMI (kg/m?) 23.1 30 229 33
SBP (mmHg) 136.2 £19.5 1313 %199
DBP (mmHg) 838 117 794 111.8
Total cholesterol (mg/dl) 199.6 +36.6 205.5 +38.0
HDL cholesterol {mg/dl) 504 +£15.0 57.5 149
Triglyceride (mg/dl) 151.8 +108.8 119.1 +79.8
Blood glucose (mg/dl) 1020 1334 1011 +£289
Drinking

Non drinker 921 33.5% 3572 91.6%

Ex-drinker 141 51% 39 1.0%

Current drinker 1690 61.4% 287 7.4%
Smoking

Never smoker 556 20.2% 3431 88.0%

Ex-smoker 601  21.8% 94 24%

Current smoker 1595 58.0% 373 9.6%
Obesity 689 25.1% 912 23.4%
High blood pressure 1840 66.9% 2119 54.4%
High blood glucose 578  21.0% 829 213%
Dyslipidemia 1280 46.5% 1094  28.1%

Values are number, %, or mean + SD.

High blood pressure, BP = 130/85 mmHg or on treatment of
hypertension; high blood glucose, blood glucosez 110 mg/dl or on
treatment of diabetes; dyslipidemia as triglyceride= 150 mg/dl or
high density lipoprotein < 40 mg/dl or on treatment of dyslipidemia.
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; HDL, high density lipoprotein.

9.6% in women. The prevalence of hypertension and obe-
sity were 66.9% and 25.1% in men and 54.4% and 23.4% in
women.

During 15 years of follow-up, 87 men and 61 women
died due to CVD (37 men and 22 women died due to
stroke and 30 men and 8 women died due to coronary
heart disease). Table 2 shows HRs of CVD death for each
component of metabolic risk factors including all factors
in a model, simultaneously. It showed that current smok-
ing, past-smoking, SBP and glucose were significant risk
factors of CVD mortality. Table 3 shows adjusted HRs
and PAFs for CVD deaths according to the combination
of obesity and smoking status. Irrespective of obesity,
smoking and CVD mortality in both men and women
were positively related. HRs (95% confidence interval
[CI]) for non-obese smokers was 3.13 (1.33 to 7.36) in
men and 4.32 (1.99 to 9.37) in women compared with
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Table 2: Adjusted HR for 1 standard deviation Increasing in the
continuous variables and sex, smoking and drinking habits for
mortality from cardiovascular diseases.

Adjusted hazard

ration (95%CI)
Current -smoker 345 (212 -5.60)
Past-smoker 204 (111 -3.75)
Body mass index (1 SD increasing) 099 (0.83 -1.18)
Systolic blood pressure (1 SD increasing) 132 (113 -154)
Triglyceride (1 SD increasing)* 0.85 (069 -1.04)
High density lipoprotein cholesterol (1 SD 093 (076 -1.11)
increasing)
Glucose (1 SD increasing) 110 (1.00 -1.24)
Female 1.00 (0.61 -1.64)

This Cox model also includes age, and drinking habit.
* The variable was tested after log-transferred.

non-obese, non-smokers. Estimated numbers of excess
CVD deaths (and PAF component) in the non-obese
smokers and obese smokers were 32.0 (36.8%), and 7.9
{9.1%) in men and 6.9 (11.3%) and 3.2 (5.2%) in women.
The sum of the estimated number of excess CVD deaths
(PAF) due to smoking and/or obesity was 49.3 (56.9%) in
men and 15.3 (25.1%) in women.

Table 4 shows adjusted HRs and PAF components due
to combination of smoking status and metabolic syn-
drome. Compared to non-smokers without metabolic
syndrome, adjusted HRs (95% CI) for CVD deaths was
higher in smokers with and without metabolic syndrome
(HR 3.19 [1.13 t0 9.03] and 3.47 [1.48 to 8.12] in men; 4.94
[1.52 to 16.09] and 3.63 [1.75 to 7.50] in women, respec-
tively). PAFs for CVD mortality in smokers with and
without metabolic syndrome were 7.1% and 40.9% in men
and 3.9% and 11.9% in women, respectively. The sum of
PAF components due to smoking and/or metabolic syn-
drome was 60.4% in men and 17.0% in women.

Table 5 shows adjusted HRs and PAF components due
to the combination of smoking status and clustering of
metabolic risk factors. Compared to non-smokers with-
out metabolic risk factor clustering, adjusted HRs (95%
CI) for CVD death in smokers with and without meta-
bolic risk factor clustering were 5.85 (1.40 to 24.38) and
4.17 (0.98 to 17.71) for men, and 5.86 (2.41 to 14.23) and
4.56 (1.62 to 12.87) for women, respectively. PAF compo-
nents for CVD mortality in non-smokers with metabolic
risk factors clustering, smokers without metabolic risk
factors clustering and smokers with metabolic risk factors
clustering were 2.8%, 20.1% and 34.3% for men, and
18.7%, 6.4% and 10.9% for women, respectively.
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Discussion

The present report of a representative Japanese cohort
showed that the majority of excess CVD deaths were
observed in smokers without metabolic syndrome. The
PAF component of CVD deaths in smokers without met-
abolic syndrome were 5 times higher than those in partic-
ipants with metabolic syndrome in men (40.9% vs. 8.5%).
The HR of CVD deaths in smokers without metabolic
syndrome were also higher than non-smokers without
metabolic syndrome, and it was similar to the HR in
smokers with metabolic syndrome (3.47 vs. 3.19),

In Asian countries including Japan, there has been a
rise in metabolic syndrome [7,25]. In these areas, preva-
lence of smoking has been higher than that in Western
countries and smoking rates has been still increasing in
younger women [14]. Previous studies have reported that
obesity and smoking are risk factors for CVD [5,6,10,11].
The association of clustering of metabolic risk factors,
including hyperglycemia, dyslipidemia, and hyperten-
sion, with CVD risk has also been widely reported
[1,4,17,18]. Furthermore, a previous study from Japan
reported that the effect of risk factor accumulation on
CVD incidence was more evident among smokers than
non smokers [17]. However, these previous reports did
not show the attribution of the combination of smoking
and metabolic syndrome (or obesity) to CVD events. To
our knowledge, this is the first report showing that the
majority of excess CVD deaths occurred in smokers with-
out metabolic syndrome in a Asian population. A
strength of our report is that the study was conducted in a
15-year cohort of nationwide representative Japanese
samples.

In Japan, new health checkups and healthcare advice
focusing on the metabolic syndrome to prevent CVD
began in April 2008 through health insurance providers
[7]. Our results support the necessity of intervention for
people with metabolic syndrome because these people
appear to be at higher CVD risk; however, PAF compo-
nent in men and in women with metabolic syndrome
were only 8.5% and 5.0%, respectively. On the other hand,
the present study indicated that PAFs among smokers
without metabolic syndrome were 40.9% in men and
11.9% in women; who are not the target population of the
new health educational program in Japan. Moreover, not
only PAF but also HR of smokers without metabolic syn-
drome was substantially higher. Thus the program might
overlook a large population at an increased risk of CVD.
Activities of smoking cessation for non-obese people
would be still important for the prevention of CVD in
Japan.

In the present study, we examined the association
between each component of metabolic risk factors and
CVD death. We conformed that current and past smok-
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ing, SBP and glucose were significant risk factors of CVD
mortality in our study participants. Several previous
reports revealed that clustering of metabolic risk factors
increases CVD risk, irrespective of the presence of obe-
sity [17,18]. When obesity was dealt with one of meta-
bolic risk factors (not an essential factor) in the present
study (Table 5), the PAF in smokers with metabolic risk
factor clustering got larger in men (34.3%). However,
even for smokers without metabolic risk factors cluster-
ing in the present study, PAF was 20.1% in men. This
finding indicated that even if obesity is not essential for
the diagnostic criteria of metabolic syndrome like the
National Cholesterol Education Program (NCEP) [26], an
intervention for smokers without clustering of metabolic
risk factors would be also important for the prevention of
CVD.

This study has several limitations. First, we used non-
fasting blood samples and thus we might have misclassi-
fied several individuals with diabetes and dyslipidemia.
Second, we used body mass index = 25 kg/m?2 to define
obesity and thus we might have misclassified individuals
with abdominal obesity with higher waist circumference.
However, this limitation would be ignorable because the
correlation between BMI and waist circumstance is usu-
ally high enough. The cut-off point of body mass index
for Japanese [21] is different from that for Asia-Pacific
Region in the WHO definition (body mass index > 23 kg/
m?2) [27], which may underestimate the PAF in Asian peo-
ple. Third, we did not adjust for socioeconomic status in
this study. However, all Japanese are covered by the
national health insurance program and socioeconomic
status would not limit access to treatment in Japan.
Fourth, in this study, we used information on smoking
habit from self-reported smoking history; this may cause
recall and information biases. Fifth, the numbers of par-
ticipants or CVD events were not enough to analyze
according to the number of cigarettes per day; therefore,
we did not consider the intensity of smoking in this paper.

Conclusions

In conclusion, this long-term cohort study of representa-
tive Japanese samples indicated that CVD mortality in
smokers without metabolic syndrome or without obesity
was substantially high and a large proportion of excess
deaths were observed in these groups. These findings
suggest that intervention targeting on smokers, irrespec-
tive of the presence of metabolic syndrome (or obesity), is
still important for the prevention of CVD death in rela-
tively lean Japanese population with high smoking rate.
This could apply to other Asian populations with high
smoking rate but with lower prevalence of obesity com-
pared with Western populations.
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