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Table 3
(NIPPON DATAS0: 1980-1994)

NAKAMURA Y etal

Baseline Characteristics According to Risk Group Among 4,144 Men and 5,318 Women

Risk 0 Risk 1-2 Risk 3-4 P> or ANOVA)
Men (N=4,144) (% prevalence) 655(15.8) 2.9501(71.2) 539(13.0)
Age (years) 43,7£10.8 514%13.2 52.8+13.0 <0.0001
BMI (kg/m?) 21.4%2.3 22,327 24.823.3 <0.0001
SBP (inmHg) 1178 J41+20 149£18 <0.0001
DBP (nonHg) 737 85x12 90x]12 <0.000]
BG (mg/dl) 112212 13037 15750 <0.0001
TC (mg/dl) 16819 18431 22128 <(.0001
Smaoking (%) 65.5 64.2 553 0.0002
Drinking (%) 73.0 75.2 73.5 0.405
Women (N=5,318) (% prevalence) 1,124 (21.1) 3,303(62.1) 891 (16.8)
Age (years) 41.5+9.8 52.0%13.1 58.3«11.5 <0.0001
BMI (kg/m?) 21.3£2.3 22.7+3.0 25.6x4.0 <0.0001
SBP (mmHg) 115+8 134220 151%20 <0.0001
DBP (numHy) 718 8l 8712 <0.0001
BG (mgtdl) 11211 12831 15446 <0.0001
TC (mg/dl) 16720 190+32 22329 <0.0001
Smoking (%) 10.0 8.6 8.2 0.291
Drinking (%) 248 18.7 17.7 <0.0001

Data are % or mean = SD.

ANOVA, analysis of variance. Other abbreviations see in Tables 1,2,

Table 4 Hazard Ratios of CHD and Stroke Mortality According to Risk Group Among 4,144 Men and 5,318 Women

(NIPPON DATAS0: 1980-1994)

Men Women
RiskO  Risk I-2  Risk3—4 Trendp RiskO  Risk -2 Risk3—4 Trend p

Subgroup N 655 2,950 539 1,124 3,303 8§91
CHD, N / 33 8 3 31 10

/1000 PY 0.1 0.9 1.2 0.1 0.4 L7

HR* ] 351 8.04 0.0002 I 1.04 0.75 0.66

(0.47-26.1) (1.03-62.6) (0.31-3.46) (0.20-2.78)

Stroke, N 3 85 30 6 71 31

/1,000 PY 0.3 2.2 4.4 0.3 0.9 5.1

HR* 1 2.64 5.06 <0.0001 / 1.24 127 0.53

(0.83-8.39) (1.53~16.7)

(0.53-2.88) (0.52-3.08)

Hazard ratios (95% confidence interval) are shown.

HR*: age, cigaretie smoking and alcohol intake were entered as covariates for multivariate analyses.
/1,000 PY. per 1,000 person-years. Other abbreviations see in Table 2.

trends across risk groups were conducted by assigning an
ordinal value to each number risk (0 to 4) and modeling
this as a continuous variable in separate Cox proportional
hazard models.

All p values were two-tailed, and p<0.05 was considered
significant. Data are presented as meansSDs unless stated
otherwise.

Results

Principal Components

The results of principal component analysis of the risk
factors are shown in Table 1. In men, a 2-component solu-
tion explained 60% of the common variance in the data set.
The component has large positive loadings (20.40) for 3 of
the 5 risk factor components, and the second has large posi-
tive loadings for 2 of the 5 risk factor components. One
component, BMI, shows overlap. In women, a one-com-
ponent solution explained 40% of the common variance in
the data set. The component has large positive loadings for
4 of the 5 risk factors. In both men and women, loadings
for glucose were not large.

Cutoff Values for Risk Components

The obtained categorical cutoff values for the risk
components by heuristic analyses were BMI: 27kg/m?,
blood glucose=130mg/dl, total cholesterol =200 mg/dl, and
SBP/DBP=130/85mmHg for men. Table2 shows the
results of heuristic analyses in men to obtain the cutoff
values for the risk components. Only the results of 3 repre-
sentative categorical values for each component are shown.
The prevalence of the risk 34 group in %. hazard ratios
and p values for CHD and stroke mortality are shown. It
can be scen that selecting the cutoff values for the 4
components satisfied prognostic significance for both CHD
and stroke mortality in men.

We did not have appropriate cut-offs for the women;
therefore, we used the same cut-offs as for the men.

Baseline Characteristics

The baseline characteristics for men and women in each
risk group are shown in Table3. Age was significantly
greater in the higher risk groups for men and women.
Smoking was less in the higher risk groups for men and
drinking was less in the higher risk groups for women.
BMI, SBP. DBP, blood glucose and total cholesterol were
significantly higher in the higher risk groups by definition.
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Combined Cardiovascular Risk Factors and Outcome

If the high risk group is defined here as those who have 3 or
4 risk components, its prevalence was 13.0% for men and
16.8% for women.

Combined Risks and Outcome: Multivariate Cox Analyses

Case number, unadjusted mortality per 1,000 person-
years, and hazard ratios of CHD, and stroke mortality by
multivariate Cox analyses adjusted for age, smoking and
drinking are shown in Table4 for both men and women. In
men, for those in the risk 34 group, the hazard ratio of
CHD was 8.04 and that of stroke was 5.06, in comparison
with the risk 0 group. Both trends were significant (trend
p<0.0001 and 0.0002), Men in the risk 1-2 group carried
intermediate risks for CHD and stroke.

However, in women, no significant trend was noted for
CHD or stroke mortality, probably becausc of lower
mortality.

Discussion

This prospective population-based cohort study in Japan
reports an association of the high-risk group with CHD and
stroke mortality. The previously proposed cut-off values for
cardiovascular risk factors cannot be applied to non-Western
populations because, for instance, the average BMI and
waist circumference for Asians are smaller?-%17-20 Several
studics in Asians report that for the definition of obesity in
Asians the cutoff value for BMI is 23kg/m? and for waist
circumference is 90 ¢m for men and 80cm for women?0.21

In the present study, we selected hypertension, hyper-
cholesterolemia, hyperglycemia and obesity as the compo-
nents of the combined cardiovascular risk, and the cutoff
values for each of these were determined heuristically
using Cox analyses of CHD and stroke mortality. By the
present definition, the prevalence of the high-risk group
with 3 or more risk factors was 13.0% for Japanese men
and 16.8% for women in 1980. Although CHD mortality in
Japan is relatively low in comparison with that of the
Western population, the impact of the combined risk
factors on CHD mortality in men was significant, with a
multivariate adjusted hazard ratio of 8.04.

The lack of prognostic significance of the combined
cardiovascular risk in women in the present study is proba-
bly due to a lower incidence of CHD and stroke compared
with men.

Study Limitations

The method of obtaining the categorical cutoff values
for the risk components and the method of evaluating the
prognostic significance of the newly obtained diagnostic
criteria of the combined risks were the same, namely Cox
analyses. This may appear to be a circular tautology. How-
ever, the second Cox analysis was applied merely to show
the magnitude of the prognostic significance of the criteria.
Applying these criteria to a different population or to the
same study with a longer follow-up may be needed in the
futare to verify this method. Another method of obtaining
the cutoftf values may be o apply the recursive partitioning
method?6-27 This method may be quite valuable in handling
variables that are independent of each other, such as han-
dling gene expression data for tumor and cell classifica-
tion?7 but may not be useful when the variables are con-
founded by cach other, such as blood pressure, BMI, total
cholesterol concentrations, blood glucose and age, as in the
present study. In fact, trial use of this method for the present
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data resulted in impractical cutoff values, with one variable
having different values that appeared at more than 2
ranches of the tree.

The results of principal component analysis in this study
suggest clustering of 4 of the 5 components (BMIL. SBP,
DBP. total cholesterol and non-fasting glucose) except for
I component, non-fasting glucose. This may be due to the
fact that we did not have fasting glucose data. We also need
more variables, such as HDL-cholesterol, triglyceride con-
centrations, an index of insulin resistance, and inflam-
mation markers, to examine the clustering and to find the
primary unifying underlying abnormality of the clustered
risk factors, as performed in recent studies?829

Non-fasting blood samples were used in the present
study, and direct measurement of HDL-cholesterol was not
performed. Therefore, we did not have mecasurements for
fasting blood glucose, triglycerides or HDL-cholesterol,
which are other important components of metabolic syn-
drome. Furthermore. waist circumference measurements
will be required in future studies.

We used mortality data as endpoints, which might have
led to misclassification of the causes of death. However, it
has been reported that the death-certificate diagnosis of
stroke and cancer in Japan is quite accurate303! although it
has also been reported that most cases of sudden cardiac
death tend to be described on Japanese death certificates
as “coronary hcart discase”, “heart failure” or “unknown
cause™23 Furthermore, mortality statistics for coronary
heart disease by the end of 1994 may have been underesti-
mated using ICD9, since deaths coded as “heart failure”
may hide certain coronary eventsi2-35

Conclusion

Cutoff values for cardiovascular risk factors have been
obtained and the defined high-risk group with combined
risk factors is important risk for Japanese men.
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Abstract

The clinical importance of y-glutamyltransferase (GGT) has recently been debated. Although some studies have suggested that the rela-
tonship between GGT and cardiovascular disease (CVD) mortality is independent of alcohol consumption, to our knowledge no studies have
reported the relationship between GGT and CVD mortality in never-drinker subgroups. Since Japanese women are known to have a lower
prevalence of alcohol consumption, we examined whether GGT predicts CVD mortality in never-drinkers. We followed 2724 Japanese men and
4122 Japanese wornen without prior CVD or liver dysfunction for 9.6 years and observed 83 and 82 CVD deaths, respectively. Current alcohol
drinkers comprised 59% of men and 7% of women. Among women, the multiple adjusted hazard ratio (HR) for CVD mortality compared
with the reference group (GGT: 1-12 U/L) was 2.88 (95% confidence interval (CI), 1.14~7.28) for the elevated group (GGT > 50 U/L). This
positive relationship was unchanged in the never-drinkers subgroup (HR for log-transformed continnous GGT, 1.62 (95% CI, 1.11-2.37)).
No significant relationships were observed in men. GGT displays a strong. positive association with CVD mortality among Japanese womern,
for whom the prevalence of ever-drinkers is very low. Exploring the significance and biological mechanisms of GGT might provide useful

insights into CVD prevention.
© 2006 Elsevier Ircland Lid. All rights reserved.

Keywords: y-Glutamyltransferase; Alcohol drinking; Cardiovascular diseases; Prospective studies; Japanese

stroke and coronary heart disease (CHD) [5-12]. However,
most studies investigating relationships between GGT and
Serum +y-glutamyltransferase (GGT) is a well-known stroke, CHD and cardiovascular disease (CVD) mortality

1. Background

enzyme marker of alcohol consumption and liver disease [9—13] have either not .adjusted for alcohol consumption,
[1]. However, several recent epidemiological studies have since GGT was used as a marker of alcohol consumption
revealed that GGT is a marker of oxidative stress [2], and is [10,11] or did not obtain baseline alcohol information
associated with several cardiovascular risk factors [3,4]. Fur- [12]. Although GGT might represent an important and
thermore, GGT is predictive of future hypertension, diabetes, independent risk factor for CVD [9,13], little evidence

has suggested whether GGT itself is predictive of CVD
disease or merely a marker of alcohol consumption. As

* Corresponding author. Tel.: +81 77 348 2191; fax: +81 77 543 9732.
the prevalence of alcohol drinking and smoking are very

E-matil address: ahozawa@belle.shiga-med.ac jp (A. Hozawa).

0021-9150/3 — see front matter © 2006 Elsevier Ireland Lid. AH rights reserved.
doi:10.1016/j.atherosclerosis.2006.08.038
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low in Japanese women, particularly in middle to older
age, analysis of such individuals should clarify whether
GGT levels are predictive of CVD mortality even in never-
drinkers.

Our a priori hypothesis was that GGT would predict CVD
even in never-drinkers. To test this, we analyzed 9.6-year
follow-up data from the National Survey on Circulatory Dis-
orders, Japan, which was initiated in 1990.

2. Methods and population
2.1. Population

Cohort studies of the National Survey on Circulatory Dis-
orders, Japan, were called the National Integrated Project
for Prospective Observation. of Non-communicable Disease
and Its Trends in the Aged (NIPPON DATA). NIPPON
DATA comprised two cohort studies. Baseline surveys were
performed in 1980 and 1990 (NIPPON DATAS0 and NIP-
PON DATAS0) [14-16]. The present study analyzed data
from NIPPON DATAS0 [15,16] as the baseline survey from
NIPPON DATAS80 did not include any measurement of
serum GGT levels. A total of 8384 community residents
(3504 men, 4880 women; >30-years-old) from 300 ran-
domly selected districts participated in the survey and were
followed until November 15, 2000. The overall popula-
tion of >30-years-old in all distrdcts was 10,956, and the
participation rate in this survey was 76.5%. Accordingly,
these participants were thought to be representative of the
Japanese population [16]. Of the 8384 participants, 1538
were excluded for the following reasons: no baseline GGT
measurement (n=0662), glutamic-oxaloacetic transaminase
(GOT) level >50U/L, glutamic pyruvic transaminase (GPT)
level >50U/L (n=3519), history of coronary beart disease
or stroke (n=209), no measurement of confounding fac-
tors (n=3) and participants for whom follow-up informa-
tion could not bc obtained because of incomplete residential
access information at the first survey (n = 145). The remaining
6846 participants (2724 men, 4122 women) were included in
the analysis.

2.2. Pollow-up survey

Underlying causes of death for the National Vital Statistics
were coded according to the Sth International Classification
of Disease (ICD-9) for deaths occurring up to the end of
1994 and according to the 10th International Classification
of Disease (ICD-10) for deaths occurring from the begin-
ning of 1995. Details of the classification used in the present
study have been described elsewhere [14]. Permission to
use National Vital Statistics was obtained from the Manage-
ment and Coordination Agency of the Japanese Government.
Approval for this study was obtained from the Institutional
Review Board of Shiga University of Medical Science (No.
12-18, 2000).

2.3. Baseline examination

Non-fasting blood samples were obtained and serum
was separated and centrifuged soon after blood coagulation.
Plasma samples were also obtained in a siliconized tube con-
taining sodium fluoride. All samples were shipped to the same
laboratory (SK1, Tokyo, Japan) for blood measurements.

GGT was measured using 3-carboxyl-4-nitroanilide
substrate methods. GOT and GPT were measured using
nltraviolet methods. Serum total-cholesterol and triglyc-
erides (TG) were measured enzymatcally. High-density
lipoprotein cholesterol (HDL-C) was measured by the
precipitation method using heparin-calcium. Lipid measure-
ments were standardized using the Lipids Standardization
Program from the Centers for Disease Control/National
Heart, Lung and Blood Institute [17]. Plasma glucose was
also measured enzymatically. Diabetes was defined as serum
glucose >200 mg/dL. and/or self-reported history of diabetes.
Baseline blood pressures (BP) were measured by trained
observers using a standard mercury sphygmomanometer on
the right arm of the seated subject. Body mass index (BMI)
was calculated as weight in kilograms divided by the square
of height in meters. Public health nurses obtained informa-
tion on smoking, use of antihypertensive agents and medical
histories. For alcohol consumption, public health nurses
categorized participants into the following drinking habit
categories based on questioning: never-drinkers, ex-drinkers,
current drinkers. Current drinkers were defined as drinking
>3 days/week and consuming >1 gou per drinking occasion.
If the participant was a current drinker, the nurse also asked
them the amount of alcohol consumption using gou, the
traditional Japanese unit of sake, per drinking occasion. For
sake, 1 gou (180 mL) is equivalent to 23 g of alcohol, which
is also approximately two measures of whisky (70mL) or
one bottle of beer (633 mL) in terms of alcohol content.
Habitual exercise was defined as: (1) exercise >2 days/week;
(2) duration of exercise per exercise session >30min; (3)
continuing the habit for =1 year. If participants answered that
they did not have any exercise habit, the nurse asked whether
exercise was unable to be performed due to health reasons.

2.4. Statistical analysis

To examine associations between GGT and CVD
mortality, GGT levels were classified into four groups.
These groups were defined as follows: reference, 1-12U/L;
moderate, 13—24 U/L; moderate high, 25-49 U/L; elevated,
>50U/L. Basic characteristics were compared among GGT
groups using means for continuous variables and percentages
for dichotomous variables. As the distribution of TG was
positively skewed, geometric mean (antilogarithm of the
log-transformed mean) was used instead of arithmetic mean.

Crude mortality rates were estimated among groups.
Multivariate-adjusted hazard ratio (HR) and 95% confidence
intervals (CI) were also estimated among groups. Cox
proportional hazard modeling was used to estimate adjusted
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HR of CVD mortality. Models were constructed separately
for men and women. The reference GGT group was treated
as a reference group. Adjustment for confounding factors
was performed using three different approaches in this
study. First, we adjusted for age only (Model 1). Second,
we included other possible confounding factors as follows:
age, HDL-C, total-cholesterol, TG (log-transtormed), BMI
(<18.5, 18.5-24.9 or =295), smoking status (never-smoker,
ex-smoker or current smoker), drinking status (never-drinker,
ex-drinker and current drinker), GOT, GPT and exercise
habit (Model 2). For men, we further categorized current
smoking and current drinking into two categories each.
Cigarette smoking was classified as 1-20cigarctics/day or
>21 cigarettes/day. Current drinking was classified as equal
to drinking 1 gou (23 g of alcohol) per occasion and 2 gou or
more. Systolic BP, antihypertensive medication and diabetes
were not included in Model 2. Since GGT is known to predict
future hypertension and diabetes [5-8], adjusting for BP and
diabetes might represent an over-adjustment. We therefore
created another model (Model 3) using the same factors as
Model 2 with the addition of systolic BF, use of antihyper-
tensive medication and diabetes. In each model, the HR of

CVD mortality was also estimated using continuous serum
GGT values. When GGT levels were used as continuous
variables, log-transformed values were used because GGT
level is skewed. Values of P <0.05 were considered statis-
tically significant. SAS software (Version 9.1) was used for
analyses.

3. Results

Median GGT level was 27U/L (interquartile range,
18~43U/L) for men and 14U/L (imterquartile range,
11-21U/L) for women. Proportions of current, ex- and never-
drinkers were 59, 7 and 35% for men and 7, 1 and 93%
for women, respectively. Table 1 shows baseline character-
istics for study participants according to GGT level. GGT
levels were higher in men than in women. For men, mean
age was lower in higher GGT groups. Conversely, mean age
was higher in GGT groups for women. Mean HDL level was
lower in higher GGT groups in women, while no associa-
tion was observed in men. Otherwise, determinants of GGT
were similar in men and women, comprising higher BMI,

Table 1
Mean and prevalence of baseline characteristics stratified by -y-glutamyltransferase (GGT) level at the baseline survey in 1990, NIPPON DATAS0
Men Women
Reference  Moderate  Moderate high  Elevated Reference  Moderate  Moderate high  Elevated
1~122 13-242 25-49° 50468*  1-12°% 13-24* 25-49* 50-295%
N 183 937 913 691 1538 1812 593 179
Age (years) 57.0 54.5 529 51.1 49.8 52.4 552 56.0
BMI (kg/m?) 20.9 21.9 23.1 23.8 22.0 229 23.9 239
Total-cholesterol (mg/dL) 177.6 1912 202.5 206.1 197.9 208.1 2194 221.4
HDL-cholesterol (mg/dL) 50.1 503 50.3 51.9 38.0 56.8 56.0 54.5
Triglyceride” (mg/dL) 43 4.6 49 5.0 45 47 4.8 5.0
GOT (U/L) 20.2 21.5 23.9 27.1 18.6 20.6 234 273
GPT (U/L) 15.1 183 232 28.8 13.8 172 232 28.1
Systolic BP (mmHg) 131.0 134.8 137.5 1422 128.7 134.2 138.5 141.0
Diastolic BF (mmHg 78.9 80.9 83.6 872 76.8 80.0 82.2 84.1
Use of antihypertensive medication 7.1 11.1 14.8 135 52 15.8 253 229
(omFHg)
Diabetes (%) 6.0 52 55 9.0 2.1 4.0 9.8 10.6
Smoking
Never (%) 26.8 24.1 21.0 14.8 91.0 879 853 86.0
Ex-smoker (%) 25.7 235 24.0 22.0 2.7 24 19 2.8
Current (<1-20 cigarettes/day, %) 15.9 16.7 16.0 142 4.9 6.8 7.4 6.7
Current (>21cigarettes/day, %) 31.7 35.8 39.0 49.1 1.4 3.0 54 45
Drinking
Never (%) 61.2 492 3235 12.3 96.0 92.0 88.9 81.0
Ex-drinker (%) 6.6 7.3 33 3 0.6 12 0.8 0.6
Current (=22.8 g per one occasion, %) 24.0 297 32.0 31.0 3.0 5.9 7.4 11.2
Current (>22.8 g per one occasion, %) 8.2 13.9 30.2 524 0.3 1.0 2.9 73
Habitual exercise (not exercising due to 7.1 4.8 4.5 33 5.7 6.4 8.3 10.1
ill health, %)
Habital exercise (not exercising for 68.9 72.3 717 76.1 77.0 74.5 71.0 70.4
reasons other than ill health, %)
Habifual exercise (yes, %) 24.0 23.0 238 20.6 174 19.1 20.7 19.6

N, numbers of participants; BMI, body mass index; HDL, high-density lipoprotein; GOT, glutamic-oxaloacetic transaminase; GPT, glutamic pyruvic transam-
inase; BP, blood pressure; *#°, log-transformed; participants were not fasting when the blood samples were drawn.
* GGT (U/L).
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Table 2
Relative hazards (95% confidence interval (CI)) for CVD mortality according to y-glutamyltransferase (GGT) level in women
Reference Moderate Moderate high Elevated Continuous®
1~12° 13-24° 25-49° 50-295°
Person-years 14982 17548 5682 1707 39918
N of CVD mortality 27 32 17 6 82
CVD mortality rate/1000 person-years 1.80 1.82 2.99 3.52 2.05
Model 1 1 1.10 (0.66~1.84) 1.59 (0.86-2.93) 2.20 (0.90-5.40) 1.50 (1.06-2.12)
Model 2 1 1.17 (0.69-1.98) 1.86 (0.98-3.53) 2.88 (1.14-7.28) 1.71 (1.18-2.47)
Model 3 1 1.16 (0.68~1.98) 1.89 (0.95-3.75) 2.97 (1.06-8.34) 173 (1.13-2.63)

NIPPON DATA90, 1990-2000. ¥, numbers of participants; HDL, high-density lipoprotein; GOT, glutamic-oxaloacetic transamminase; GPT, glutamic pyruvic
transaminase; BP, blood pressure; Model 1, adjusted for age; Model 2, adjusted for age, alcohol consumption (never, past and current), cigarette smoking (never,
past and current), HDL-cholesterol, total-cholesterol, triglyceride®, GOT, GPT, body mass index (<18.5, 18.5~24.9 and 25 kg/mz) and habitual exercise (yes,
not exercising for reasons other than ill health, not exercising due to ill health); Model 3, Model 2 + systolic BP, use of antihypertensive medication and diabetes.

* Log-tansformed.
® GGT (UL).

total-cholesterol, log-transformed TG, GOT, GPT, systolic
and diastolic BP, use of antihypertensive medication and
prevalence of diabetes in higher GGT groups. Prevalence of
never-drinkers and never-smokers was lower in higher GGT
groups. Formen, the prevalence of current drinkers was >80%
in the highest GGT groups. Conversely, for women, the preva-
lence of current drinkers was <20% even in the highest GGT
groups.

Table 2 shows follow-up information and risk of GGT for
CVD mortality in women. From a total of 39,918 person-
years, 82 CVD deaths were observed (stroke, n=38; CHD,
n=12; other heart disease, n=27; other CVD, n=5). CVD
mortality rates according to GGT category were 1.80/1000
person-years for the reference group, 1.82/1000 person-years
for moderate, 2.99/1000 person-years for moderate-high and
3.52/1000 person-years for elevated. Compared with the ref-
erence group, multivariate adjusted HRs (Model 2) were sig-
nificantly higher in the elevated category (HR, 2.88; 95% CI,
1.14-7.28). These findings were unchanged when quartles
of GGT were used. These positive significant relationships
between GGT and CVD mortality were also apparent when
log-trausformed GGT level was used as a continuous vari-
able (HR, 1.71;95% CI, 1.18~2.47). These relationships were

unchanged even after adjusting for systolic BP, use of antihy-
pertensive medication and diabetes (Model 3). A significant
relationship was also identified between GGT and CVD mor-
tality among never-drinkers (HR, 1.62; 95% CI, 1.11-2.37;
Model 2). These results were unchanged when we excluded
the few subjects with very high GGT (GGT =100 U/L). The
relationship between GGT and overall mortality in women
(274 deaths) was also investigated. Overall mortality was sig-
nificantly increased in elevated category (Model 2) (HR, 2.07:
95% CI, 1.20-3.59) compared with the reference category.
Positive significant relationships between log-transformed
coniinuous GGT and overall mortality were also observed
(HR, 1.36; 95% CI, 1.10-1.68).

Table 3 shows the relationship between GGT level and
CVD mortality among men. During 25,830 person-years,
we observed 83 CVD muortality cases (stroke, n=29; CHD,
n=23; other heart disease, n=26; other CVD, n=5). In con-
trast to women, no significant associations were observed.
This is true even after adjusting for alcohol consumption
using more detailed definitions. Analysis of the small number
of never-drinker men revealed no significant findings (HR of
log-transformed continuous GGT with CVD mortality, 0.58
(93% CI, 0.29-1.13). No significant association was identi-

Table 3
Relative hazards (95% confidence interval (CI)) for CVD mortality according to y-glutamyltransferase (GGT) level in men
Reference Moderate Moderate high Elevated Continuous®
1-12° 13-24° 25-49° 50-468°
Person-years 1651 8787 8706 6687 25830
N of CVD mortality 10 39 24 10 83
CVD mortality rate/ 1000 person-years 6.06 4.44 2.76 1.50 321
Modetl 1 1.03 (0.51-2.06) 0.77 (0.37-1.61) 0.61 (0.25-1.49) 0.80 (0.58-1.09)
Model 2 1 1.14 (0.56-2.35) 0.95 (0.43-2.10) 0.87 (0.33-2.33) 0.95 (0.67-1.36)
Model 3 1 0.99 (0.48-2.04) 0.77 (0.34-1.76) 0.84 (0.30-2.39) 0.93 (0.62~1.41)

NIPPON DATAS0 1990-2000. N, numbers of participants: HDL, high-density lipoprotein; GOT, glutamic-oxaloacetic transaminase; GPT, glutamic pyruvic
transaminase; BP, blood pressure; Model 1, adjusted for age; Model 2, adjusted for age, alcohol consumption (never, past, 1 go, 2 go or more), cigarette
smoking (never, past, current: < 1-20 cigarettes/day and current: >2]1cigarettes/day), HDL-cholesterol, total-cholesterol, triglyceride®, GOT, GPT, body mass
index (<18.3, 18.5-24.9 and =25 kg/m®) and habitual exercise (yes, not exercising for reasons other than 111 health, not exercising due (o i1l health); Model 3,

Model 2 +systolic BP, use of antihypertensive medication and diabetes.
? Log-transformed.
® GGT (ULL).
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fied between log-transformed continuous GGT and overall
mortality (292 deaths) in men (HR, 1.14; 95% CIL, 0.95-1.37).

4. Discussion

This prospective study tested the hypothesis that GGT
would predict CVD mortality even in never-drinkers in the
Japanese population. For Japanese women, for whom the
prevalence of drinking is very low, GGT was independently
and positively associated with CVD mortality. In contrast,
we did not identify any relationship between GGT and CVD
mortality among Japanese men, for whom the prevalence of
smoking and drinking is high.

The strengths of the present study are as follows: (1) study
participants were selected randomly from a representative
sample of the Japanese population with a high participation
rate (76.5%); (2) because most Japanese women at that time
did not drink (93% in this study), the effects of alcohol con-
sufnption did not need to be considered; (3) we excluded
participants who might have potential liver dysfunction such
as chronic hepatits, that is high GOT or GPT, to focus on the
risks associated with GGT.

Previous studies have reported a positive significant rela-
tionship between GGT and CVD incidence or mortality
[9-13]. However, such studies have typically used GGT as
a marker of alcohol consumption [10~12], and thus did not
adjust for alcohol consumption. However, findings using self-
reported alcohol consumption and CVD mortality differ from
findings using GGT, with the former showing a U- or J-shaped
relationship and the latter showing a linear relationship [12].
A Finnish study that directly compared relationships between
self-reported alcohol consumption and stroke incidence with
the relationship between GGT and stroke showed that stroke
incidence was not predicted by self-reported alcohol con-
sumption, but was strongly predicted by GGT [10]. These
findings suggest that GGT is not only a marker of alcohol con-
sumption, but also has an indcpendent role in CVD mortality.
Findings from a British study showed that GGT predicts
ischemic heart disease independent of alcohol consumption
or other factors relating to GGT, supporting this finding
[8]. Similarly, a recent report confirmed a positive relation-
ship between GGT and coronary events after adjusting for
alcohol consumption, with positive relationships observed
for both <20 and >20 g/day [13]. However, to the best of
our knowledge, no studies have investigated the pathologi-
cal importance of GGT among never-drinkers and our study
of Japanese women might be the first to clarify that GGT
predicts CVD mortality in never-drinkers.

Other mechanisms are considered to explain the relation-
ship between GGT and CVD. First, GGT is known to be
increased in participants with high TG, cholesterol and glu-
cose levels [3,4]. However, adjusting for these factors did
not attenuate the relationship in the present study. Second,
recent experimental work has reported that active GGT is
present in atherosclerotic plagues of coronary and cerebral

W

arteries [18,19). GGT could thus be considered as a marker
of subclinical atherosclerosis. Third, recent epidemiological
stadies have reported that GGT level is inversely associ-
ated with antioxidant levels [2]). The Coronary Artery Risk
Development in Young Adults Study reported that GGT level
within the normal range is inversely associated with serum
carotenoid levels [20], and positively associated with future
F2-isoprostane [7]. Following these study series, several epi-
demiological investigations have confirmed these findings,
such as NHANES III [21] and various Japanese studies
[22,23]. GGT is thus thought to be a marker of oxidative
stress and enhanced lipid oxidization can be more enhanced
in participants with high GGT than in those with lower GGT.
Although the biological mechanisms remain unclear, some
experimental evidence indicates that GGT is directly involved
in the generation of reactive oxygen species under physiolog-
ical conditions [2].

To date, most studies have shown a positive association
between GGT and CVD mortality or CVD incidence in both
men and women [9-13]. However, our findings are incon-
sistent in this regard. We considered that we did not find
a positive association between GGT and CVD mortality in
men because of the difficulty in controlling for the effects of
alcohol consumption, and reverse causality may be present.
Participants who had problems with health or liver conditions
might display reduced alcohol consumption. Conversely, par-
ticipants might drink more when they have less concern
for their health. However, we could not find any significant
results even in the few male participants without any drink-
ing history. Thus, the lack of relationship between GGT and
CVD mortality in Japanese men might not be fully explained
by the confounding to alcohol consumption. Further studies
should be needed to clarify whether a relation of GGT with
CVD mortality is observed in Japanese men.

Some methodological limitations were present in this
study. Since we did not have incidence data, the possibility
exists that GGT does not predict CVD incidence, but instead
represents a marker of prognosis after the CVD event. How-
ever, relationships between risk factors and CVD mortality
and CVD incidence are usually similar. We thus did not con-
sider this limitation as critical. Second, we had only 83 and 82
cases of CVD mortality for women and men, respectively, and
thus could not analyze cause-specific relationships between
GGT and CVD mortality.

In conclusion, GGT displays a strong positive association
with CVD mortality among Japanese wornen, for whom the
prevalence of ever-drinkers is very low. Exploring the sig-
nificance and biological mechanisms of GGT might provide
useful insights into CVD prevention.
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Relation of Adult Height With Stroke Mortality in Japan
NIPPON DATASO
Atsushi Hozawa, MD; Yoshitaka Murakami, PhD; Tomonori Okamura, MD; Takashi Kadowaki, MD;

Koshi Nakamura, MD; Takehito Hayakawa, PhD; Yoshikuni Kita, PhD; Yasuyuki Nakamura, MD;
Akira Okayama, MD; Hirotsugu Ueshima, MD; The NIPPON DATAS80 Research Group

Background and Purpose—The age-adjusted stroke mortality rate in Japan was the highest in the world from 1950 to the
1970s, but it started to dramatically decrease after 1965. In addition to improved management of high blood pressure,
the increase in average height might also contribute to this reduction. The present study investigates whether height is

an independent risk for stroke mortality in Japan.

Methods—Among participants of the National Survey on Cardiovascular Diseases in 1980 who were randomly selected
from the Japanese population, we followed up 3969 and 4955 Japanese men and women without prior cardiovascular
disease for a maximum of 19 years and observed 158 and 132 stroke deaths.

Results—Height was inversely correlated with age and with crude stroke mortality. The relationship was attenuated in men when
we adjusted for age or other possible confounders (multivariate adjusted relative hazards of a 5-cm increase of height for
stroke mortality: 0.92, 95% CI: 0.79 to 1.08). For women, the inverse relationship (relative hazard: 0.77: 95% CI: 0.64 to 0.91)
remained after multivariate adjustment. These relationships persisted when we stratified participants by age.

Conclusions—Height is inversely related to stroke mortality and the relationship is statistically significant among Japanese

women. (Stroke. 2607;38:22-26.)

Key Words: height m Japanese @ mortality ® prospective studies & stroke

ge-adjusted stroke mortality rate in Japan was the

highest in the world from the 1950 to the 1970s!? and
twice as high as that in the West at that time.!2 However,
age-adjusted stroke mortality in Japanese started decreasing
dramatically after 1970. The rate was 175.8 per million in
1970 and 104.7 per million in 2001 among urban Japanese.?
A reduction in blood pressure (BP) and improved BP man-
agement are believed to be main factors in decreasing the
incidence of stroke.*

The average height of Japanese people has simultaneously
increased. The mean height at age 30 to 39 was lower in men
and women born between 1936 and 1945 (163.8 cm for men
and 152.7 cm for women) than between 1961 to 1970 (170.6
cm for men and 157.6 cm for women).5 Several previous
studies,®~16 but not all,'” have reported that height is inversely
related to stroke mortality. Therefore, increment of average
height might be also associated with reduction of Japanese
stroke mortality. However, no studies have been reported in
Japanese and also in other Asians, excluding one article.!¢

To investigate whether height is an independent risk factor
for stroke mortality, we performed prospective studies of a
representative population of Japanese individuals.

Methods

The subjects of this cohort study were the participants in the National
Cardiovascular Survey of 1980 that was conducted together with the
National Nutrition Survey that is annually implemented using a similar
method and a questionnaire. The standardized procedures used in this
survey have been described elsewhere.'8-20 All household members
aged 30 years or older (up to 92 years) were surveyed in 300 census
tracts that were randomly selected throughout Japan. The baseline
survey included medical examinations, blood pressure measurements,
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 illnesses, including
heart disease, stroke, and diabetes, as well as smoking and drinking
habits were obtained from the questionnaire. Height and weight were
measured when the subjects wore light clothing and no shoes. 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. Similarly, subjects were asked to
answer whether they had never consumed alcohol, did so in the past,
occasionally or regularly (daily) do so. Blood pressure was measured
using a standard sphygmomanometer to obtain systolic and diastolic BP.
Nonfasting blood samples were collected. The measurement precision
and accuracy of the assay for serum total cholesterol (TC) was certified
by the Lipid Standardization Program administered by the Centers for
Disease Control and Prevention. Diabetes was defined as a nonfasting
glucose value =200 mg/dL or a self-reported history of diabetes.!
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A total of 10546 individuals aged 30 years or older for whom
complete baseline information regarding age, gender, and BP was
complete in the 1980 data set was defined as the cohort (NIPPON
DATAR80).18-20 From these, we excluded two who did not have
information about height; 755 with a history of stroke (N=117),
coronary heart disease (N=163), or other heart disease (N=475); 16
who did not have complete information about confounding factors;
and 849 participants who could not follow up because of incomplete
residential access information after first survey. Consequently, we
analyzed 8924 participants (3969 men and 4955 women). There was
no significant difference in the mean age-adjusted height between the
participants lost to follow up and those in the study.

As reported previously,18-20 we confirmed the participants who
had died in each area by computer-matching data from the National
Vital Statistics using area, gender, date of birth, and death as key
codes. We then clarified causes of death using the National Vital
Statistics. All death certificates issued by medical doctors in Japan
are forwarded to a central database at the Ministry of Health and
Welfare through public health centers in the area of residence.

The underlying causes of death for Japan’s National Vital Statis-
tics were to be coded according to the International Classification of
Diseases, 9th Revision (ICD-9) by the close of 1994 and to the
International Classification of Diseases, 10th Revision (ICD-10)
from the beginning of 19935, Codes of 430 to 438 in ICD-9 and
160-169 in ICD-10 were defined as death from total strokes, which
included death from cerebral infarction (codes 433, 434, 437.7a, 7b
in ICD-9, 161 and I69.1 in ICD-10) and from cerebral hemorrhage
(codes of 431 to 432 in ICD-9, 163 and 169.3 in ICD-10). Permission
to use the National Vital Statistics was obtained from the Manage-
ment and Coordination Agency of the Government of Japan. Ap-
proval for this study was obtained from the Institutional Review
Board of Shiga University of Medical Science (No. 12-18, 2000).

To examine the association between height and stoke mortality,
participants were divided into quartiles. We compared the basic
characteristics among height quartiles by mean as continuous vari-
able and percentages as dichotomous variables. We also analyzed the
crude and age-adjusted relationship between height and stroke risk
factors. Pearson correlation coefficient was used for the crude
analysis of continuous variables (systolic BP and TC), and the slope
of the regression coefficient was used for age-adjusted analysis. As
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for the dichotomous variables (diabetes, current smoking, and daily
drinking), OR estimated by logistic regression used both crude and
age-adjusted analyses. The units of change in height were set at five
centimeters in the logistic regression mentioned previously.

We estimated the relative hazards (RH) and the 95% CIs of height for
stroke mortality using the Cox proportional hazard model. Because the
average height of men and women is quite different, we separately
analyzed men and women. We treated the lowest height quartile as a
reference group. We used three models to estimate RH, namely crude,
age-adjusted, and multivariate adjusted models. The multivariate ad-
justed model included the following possible confounding factors: age,
body weight, systolic BP, use of antihypertensive medication, diabetes,
TC, smoking category (never smoked; exsmoker; current smoker 1 to 20
cigarettes per day, 21 to 40, or 41+ cigarettes per day), and alcohol
consumption category (never, past, occasional, and daily). We also
analyzed relation of continuous height increase per 5-cm increase with
stroke mortality. To investigate age-specific differences in the effect of
height on stroke mortality, we established five age groups (30 to 49, 50
to 59, 60 to 69, 70 10 79, and 80 over) and performed age-specific
analysis in each by Cox regression. A probability value of <0.05 was
considered significant. SAS software (version 9.1) was used for analy-
ses. To estimate the RH observed in previous estimates of RH per height
reduction, we calculated the reciprocal of the RH to estimate the RH per
height increase.

Results
The mean age and height of the study participants were 50.0
(SD: 13.0) years and 162.3 (SD: 6.7) cm for men and 50.2
(SD: 13.1) years and 150.1 (SD: 6.1) cm for women.

Taller participants were younger than smaller individuals
(Table 1). Correlations between height and age were close
both in men (r=—0.44, P<<0.01) and in women (r=-0.52,
P<0.01). Mean systolic BP levels and the prevalence of
diabetes were lower in taller participants. The mean TC level
was higher in taller men. Conversely, the mean TC level was
higher in smaller women. These characteristics were mostly
attenuated after adjusting for age (Table 2).

TABLE 1. Risk Factors for Stroke by Body Height Levels, NIPPON DATASD, 1880
Men Women

Height Category -157.9 158.010162.3 162.410166.6 166.7+ —146.1 146.210150.2 150.310154.1 154.2+
N 982 998 983 1006 1223 1228 1257 1247
Mean height, cm 153.7 160.2 164.4 170.6 1421 148.4 152.2 157.5
Age, years 57.9 51.9 476 42.8 60.0 51.3 46.7 43.1
Weight, kg 52.5 57.8 61.4 65.8 470 50.5 52.9 55.4
Systolic BP, mm Hg 142.3 139.8 136.9 133.4 141.0 135.0 1301 127.6
Diabetes, % 9% 7% 7% 5% 6% 4% 3% 3%
TC, mg/dL 184.3 185.2 188.1 187.2 186.1 191.9 188.8 1841
Smoking

Never 21% 17% 18% 16% 89% 89% 80% 88%

Past 18% 18% 18% 17% 2% 2% 2% 2%
Current 1 o 20 cigarettes/day, % 43% 42% 37% 33% 8% 8% 8% 9%
Current 21 fo 40 cigareties/day, % 15% 18% 24% 27% 1% 0% 1% 1%
Current 41+ cigarettes/day, % 2% 3% 4% 6% 0% 0% 0% 0%
Drinking

Never 23% 20% 19% 17% 82% 77% 80% 75%

Past 7% 6% 4% 3% 2% 1% 1% 1%

Occasional 22% 27% 28% 29% 13% 18% 17% 20%

Daily 47% 47% 48% 51% 3% 3% 2% 3%
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TABLE 2. Relation of 5-cm Increase in Height With Stroke Risk Factors, NIPPON DATAS0, 1980

Crude Age-Adjusted Crude Age-Adjusted

r P Slope r P Slope P
Systolic BP -0.17 <0.01 0.19 0.45 —-0.24 <0.01 0.24 0.34
1c 0.03 0.04 0.40 0.36 -0.13 <0.01 0.94 0.03

OR 95% C OR 95% Cl OR 95% Cl OR 95% Cl
Diabetes 0.88 0.81100.97 1.08 0.97101.20 0.77 0.69 16 0.87 1.08 0.94101.23
Current smoking 1.08 10310 1.13 1.02 0.861t01.07 1.06 0.98t01.15 1.13 1.03t01.25
Daily drinking 1.03 0.98101.08 1.01 0.961t0 1.06 0.98 0.85t01.12 1.08 0.921t01.26

After 19.0 years of follow up, 158 (97 ischemic, 37
hemorrhagic, and 24 unidentified) men and 132 (69 ischemic,
26 hemorrhagic, and 37 unidentified) women died of stroke.
Table 3 shows that the crude stroke mortality rates were
highest in the lowest height quartile and gradually decreased
as the category increased both in men and in women.

Adjustment for age largely attenuated the inverse relation-
ship and this relationship between height and stroke mortality
in men was not statistically significant (RH of stroke mortal-
ity for 5-cm height increase, 0.90; 95% CI, 0.79 to 1.03).
However, the inverse relationship between height and stroke
mortality remained significant for women. This relationship
was also unchanged after adjusting for other possible con-
founding factors (RH of stroke mortality for 5-cm height
increase: 0.77; 95% CI, 0.64 to 0.91).

We also observed an inverse relationship between height
and ischemic stroke in men and in women (multivariate
adjusted RH [95% CI] for 5-cm height increase: men, 0.92
[0.75 to 1.13]}; women, 0.66 [0.51 to 0.84]). Height was also
inversely related to cerebral hemorrhage in men, but not in

women among whom 26 had cerebral hemorrhage (multivar-
iate adjusted RH [95% CI] for 5-cm height increase: men,
0.85 [0.62 to 1.16]; women, 1.05 [0.70 to 1.55]).

Because the correlations between age and height were highly
significant for both men and women, we analyzed the relation-
ship between height and stroke mortality according to age
category (Table 4). The age-specific analyses of men produced
inconsistent findings. However, height and stroke mortality in
women were closely and inversely related (range of RH: 0.63 to
0.78) except for the age category 60 to 69 years (RH=1.16).

No relationship between height and heart disease, cancer,
and total mortality was determined (RH and 95% CI of
mortality for 5-cm height increase for men—heart disease:
1.03 {0.87 to 1.21]; cancer: 1.09 [0.98 to 1.22]; total mortal-
ity: 1.02 [0.95 to 1.08]) and that for women (heart disease:
1.07 [0.91 to 1.27]; cancer: 1.07 [0.93 to 1.23]; and total
mortality: 1.02 [0.95 to 1.10]).

Discussion
The present study uncovered a close inverse relationship
between height and stroke mortality in women. We also

TABLE 3. RH and 95% Cl of Stroke Mortality According o Height Level, NIPPON DATAS0, 1280 to 1889

Men

Category of height (cm) -157.9 158.010162.3
Person-years 15162 16 927
Stroke mortality 74 42
Stroke mortality rate per 1000 4.88 2.48
person-years
Crude RH (95% CI) 1 0.50(0.34100.72)
Age-adjusted RH (95% Ci) 1 0.79 (0.54 to 1.15)
Muitiple adjusted RH (95% CI) 1 0.79 (0.53101.18)

Women

Category of height (cm) —146.1 146.2t0 150.2
Person-years 19 869 21 866
Stroke mortality 80 32
Stroke mortality rate per 1000 4.03 1.46
person-years
Crude RH (95% Cl) 1 0.36 (0.24 t0 0.54)
Age-adjusted RH (95% Cl) 1 0.91 (0.59 10 1.39)
Multiple adjusted RH (95% CI) 1 0.88 (0.57 t0 1.36)

162.4 t0 166.6
17 321
28
1.62

0.32 (0.21 0 0.49)
0.91 (0.58 to 1.42)
1.03 (0.63 t0 1.66)

150.3 to 154.1
22798
12
0.53

0.13(0.07 t0 0.24)
0.58 {0.31 10 1.10)
0.66 (0.3410 1.27)

166.7+
18112
14
0.77

0.15 (0.09 t0 0.27)
0.81 (0.45 to 1.47)
1.02 (0.52 10 1.97)

154.2+
22 907
8
0.35

0.09 (0.04 10 0.18)
0.65 (0.30 to 1.41)
0.73 (0.33101.62)

5-cm increase in height
67 522
158
2.34

0.63 {0.58 o 0.69)
0.90 (0.79 t0 1.03)
0.92 0.79 10 1.08)

5-cm increase in height
87 441
132
1.51

0.43 (0.38 10 0.49)
0.81 (0.70 10 0.95)
0.77 (0.64 10 0.91)

Multiple adjusted: adjusted for age, weight, systolic BP, diabetes, TC, antihypertensive drug, smoking (never, past, current 1 to 20, 21 to 40, 41+ cigarettes/day),

drinking (never, past, occasional, and daily).
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TABLE 4. Age Group-Specific RH and 95% Ol of 5-cm
Increase of Height for Stroke Mortality, NIPPON DATAS0,
1880 o 1889

No. of Stroke
Participants  Mortality RH*
Men
Age group
301049 2142 10 0.76 (0.43 10 1.30)
50 to 59 300 28 1.09(0.73 10 1.64)
60 to 69 571 51 0.88 (0.68 t0 1.14)
70 to 79 307 59 1.01(0.79 10 1.31)
80+ 50 10 0.26 (0.07 t0 1.07)
Women
Age group
301049 2627 10 0.78 (0.39 10 1.57)
50 to 59 1149 16 0.65 (0.38101.12)
60 to 69 752 35 1.16 (0.81 10 1.65)
701079 355 55 0.70 (0.54 t0 0.91)
80+ 73 16 0.63(0.33101.22)

*Adjusted for age, weight, systolic BP, diabetes, TC, antihypertensive drug,
smoking (never, past, current 1 to 20, 21 to 40, 41+ cigarettes/day), drinking
(never, past, occasional, and daily).

observed an inverse but nonsignificant relationship between
these two parameters in men.

The strengths of this study were as follows: (1) Japanese
participants, (2) long follow up, and (3) separate analysis of
age groups.

Several others have reported that height is inversely related
to stroke mortality or incidence.-17 Except for one follow-up
study of an American nurse,!”? height is consistently inversely
related to stroke mortality and incidence. The range of RH per
5-cm increase was 0.84 to 0.93 for men and 0.74 to 0.90 for
women.510.14.16 Similarly, the range of RH per 10-cm increase
was 0.76 to 0.84 for men and 0.83 for women.1112.15 These
data were consistent with of ours, that is, the RH values per
5-cm increase were 0.92 (not significant) for men and 0.77 for
women. The only study reported from Asia showed that the
RH for stroke mortalities per 5-cm increase in height was
0.93 (95% CI: 0.88 to 0.98) in men,!6 but there no data
available for women.

To understand why height relates to stroke mortality,
several explanations should be considered. First, because
height is closely correlated with age, the possibility of an age
effect cannot be excluded. However, we considered that the
age or cohort effect did not fully explain the relationship
between height and stroke mortality for the following rea-
sons. Age adjustment did not fully attenuate the inverse
relationship between height and stroke mortality in women
and the association was inverse in most age categories of
women. Second, height might relate to the classic stroke
disease risk factors. However, our analyses did not identify a
clear, statistically significant relationship between height and
systolic BP, TC, diabetes, smoking, and drinking status after
adjusting for age. Furthermore, adjusting these variables did
not fully attenuate the relationship between height and stroke
mortality in women. Third, because height is a function of
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both genetic and environmental factors, the relationship
between height with stroke should be considered from two
viewpoints. A recent study has shown an inverse relationship
between height and mortality attributable to coronary heart
disease, even within monozygotic discordant twins, and the
authors concluded that the inverse relationship between
height and coronary heart disease mortality can be explained
by environmental factors.?? Of course, because their study
focused on mortality attributable to coronary heart disease
and not stroke, heredity, which relates to height itself, might
affect stroke mortality. Further studies are required to clarify
whether heredity itself affects the relationship between height
and stroke. From the environmental viewpoint, an anthropo-
logic measure such as height is one surrogate measure of
childhood development. Throughout the fetal period and
childhood, environmental factors such as nutrition, infection,
and socioeconomic circumstance deeply influence develop-
ment.2® Several, but not all, studies have shown that adverse
socioeconomic conditions early in life are related to stroke
mortality.?* Although height itself might be a risk for cardio-
vascular disease, we considered height as a surrogate measure
of childhood development. Thus, although its contribution
would be smaller than improved BP control or management,
increasing height might partly contribute to the decrease in
stroke mortality among Japanese over the past four decades,
at least for women.

We observed no significant relationship between height
and stroke mortality among men, which is inconsistent with
previous findings. Although our results did not reach statis-
tical significance, the RH was similar to those of a Korean
study (RH=0.93 observed; 1263 stroke mortality).!6 Thus,
the inverse relationship between height and stroke mortality
might not be very close in men and our study might not be
sufficiently sensitive to detect it. A larger and longer
follow-up study might be required to clarify this issue.

This study has several limitations. Because we did not have
any information on socioeconomic status of the participants
in this study, we could not adjust for socioeconomic status at
baseline. However, all Japanese are covered by health insur-
ance, which allows to access to all potential treatment.
Therefore, treatment for participants of lower and higher
socioeconomic status should not significantly differ and thus
cannot explain the inverse relationship. We also did not have
information on childhood socioeconomic status, which is
more likely to affect adult height. Therefore, although we
considered height as a surrogate measure of childhood devel-
opment, we could not clarify whether the inverse relation
between height and stroke mortality could be fully explained
by childhood socioeconomic status. Second, because we did
not have incidence data, height might not predict stroke
incidence, but only be a marker of prognosis after a stroke
event. However, the relationships between risk factors and
stroke mortality and cardiovascular disease incidence were
similar. Therefore, we did not consider this limitation critical.

Height is inversely related to stroke mortality and the
relationship was statistically significant in women. Thus, the
decreasing trend in stroke mortality among the Japanese
population might be partly explained by an increase in height
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attributable to improved socioeconomic circumstances during
fetal, childhood, and adolescent periods.
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[Abstract]
(Objective) Hypertension as assessed by blood pressure (BP) measurement is one of
the most important risk factors for cardiovascular diseases (CVD). Self-reported
history of hypertension (self-reported HT) is an easy way to obtain information on
BP and is known to have a certain sensitivity and high specificity for HT confirmed
by BP measurement (confirmative HT). Thus, it might predict CVD mortality, but
few studies have reported on this relationship. (Methods) We followed 6,427
participants aged 30-59 years without a history of CVD for 19 years. The
multivariate-adjusted hazard ratio (HR) of CVD mortality was estimated by the Cox
proportional hazard model. (Results) The sensitivity and specificity of self-reported
HT for confirmative HT were 52-65% and 95%, respectively. The multivariate-
adjusted HR of self-reported HT for CVD death was 2.49 (95% confidence interval
(CD: 1.72-3.61). Compared to participants with neither self-reported HT nor
confirmative HT, those with confirmative HT showed a consistently higher HR for
CVD mortality. Self-reported HT without confirmative HT was also significantly
related to CVD mortality (HR=2.10, 95% CI=1.04-4.26). These tendencies were
unchanged when we further adjusted for systolic BP level. The age-adjusted
mortality rate of individuals with self-reported HT corresponded to the age-adjusted
mortality rate of individuals whose systolic BP was 160-179 mmHg. (Conclusions)
Self-reported HT could screen half of the participants for confirmative HT and was
significantly associated with CVD mortality. These results indicate that self-reported
HT can be a useful tool to screen for individuals with high BP if it is hard to perform
BP measurements continuously among all members of a community.
[Condensed Abstract]
To understand the importance of self-reported history of hypertension (self-reported
HT), we followed 6,427 participants without cardiovascular diseases (CVD) for 19
years. The sensitivity and specificity of self-reported HT for hypertension as assessed
by blood pressure (BP) measurement were 52-65% and 95%, respectively. The
multivariate-adjusted HR of self-reported HT for CVD death was 2.49 (95% CI:
1.72-3.61). The age-adjusted mortality rate of individuals with self-reported HT
corresponded to the age-adjusted mortality rate of individuals whose systolic BP was
160-179 mmHg. These results indicate that self-reported HT can be a useful tool to
screen for individuals with high BP.
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