622 ’ Kaino ef al.

Table 2 Clinical characteristics of females according to clustering of metabolic risk factors (MetRFs) and obesity status

2 2
Number of MeRFs Non-obese (BM[ <25kg/m"®) » Obese (BMI > 25 kg/m*)

) Oorl 2or3 P Oorl 2o0r3 P
n 513 127 - 168 83 -
Age (years) 59.7+10.5 645+84 <0.001 61.3£10.3 640£74 0.029
Height (cm) 1524£63 150.7+5.8 0.006 150.7::5.8 1509+5.2 0.536
Body weight (kg) 499:+6.0 509%5.7 0.091 62.5%64 63.1£6.5 0.471
BMI (kg/m?) 215+21 22418 <0.001 272£2.1 21723 0.135
FPG (mp/dLy* 87878 979+138 <0.001 91.1+109 99,1168 <0.001
HbAlc (%) 5505 5806 <0.001 5705 5906 0.004
FSI (U/mL)? 51+32 7049  <0.001 7.6£50 9.6+4.6 0.002
HOMA-R? 1.1£0.5 1.6+£09  <0.001 16038 2314 <0001
SBP (mmHg) 12615 139+£105 <0.001 13414 14010  <0.001
DBP (mmHg) 74£9 7987 <0.001 78+10 8184 0.016
TC (mg/dL) 20429 206+30 0.396 212430 213£32 0.793
TG (mg/dL) 82£31 12261 <0.001 04+34 13562  <0.001
HDL-C (mg/dL) . 64+13 5816  <0.001 60+11 55+13 0.004
Serum uric acid (mg/dL) 43=10 45+£09 0.188 4.7+1.0 4813 0.235
Adiponectin (ng/mL) 12558 103£50 <0.001 103+49 9.9+56 0.266
Urinary albumin (mg/gCr) 16+44 40£127 <0001 2851 41+87 0.169
Albuminuria, n (%) 41(8) 24(19)  <0.001 40 (24) 19 (23) 0.872
Hypertension, n (%) 172(33) 99(77) <0.001 101(60) 64(77) 0.008
Hyperlipidemia, n (%) S0(17) 98(77) <0.001 37(22) 67(30) <0.001
Diabetes, n (%) - 11(2) 22(17) <0.001 7(4) 18(21) <0.001
Drinking alcohol (n(%)) 92(18) 18(14) 0314 25(15) 8(10) 0.247
Smoking (never / past / current), n 468/30/15 122/4/1 0.172 150/14/4 82/1/0 0.020
Elevated BE, n (%) 255(49) 126(99)  <0.001 122(72) 82(99) <0.00]
Elevated TG/reduced HDL-C, n (%) 32(6) 104(81)  <0.001 3(5) 67(81) <0.001
Elevated FPG, n (%) 7(2) 38(30) <0.001 3(2) 23(27) <0.001

Data are means = SD orn (%). *Subjects with FPG > 140 mg/dL were excluded (non-obese: n= 21 and 10 for 0 or 1 MetRFs and
2 or 3 MetRT's, respectively; obese: n =10 and 6 for 0 or 1 MetRFs and 2 or 3 MetRFs, respectively). Serum adiponectin and urine
albumin levels were log-transformed for statistical analyses. Differences in the continuous and categorical variables were analyzed

by ANOVA and y? tests, respectively.

cies of subjects without work were not significantly
different between the subjects with or without a clus-
tering of MetRFs in either-non-obese (26.3 vs. 22.6%,
P =0.387) or obese (28.3 vs. 24.4%, P = 0.520) sub-
jects. Furthermore, in the subjects with work, energy
expenditure at work was similarly significantly lower
in non-obese (12.3 £ 7.2 vs. 14.7 £ 7.9 MET-h/day, P =
0.010) and obese (12.6 & 6.5 vs. 15.4 & 7.8 MET-h/day,
P =0.007) men with a clustering of MetRFs. We also
examined the effects of physical activity intensity on the
association between energy expenditure and clustering
of MetRFs in men. However, we found no differences
in values between subjects with or without a clustering
of MetRFs in either non-obese or obese subjects.
We next determined the association between energy
expenditure at work with the clustering of MetRFs
in men by multiple logistic regression analysis. This

analysis revealed a significant association between
these two factors, after adjusting for age, BMI, alco-
hol intake, and total energy intake. The odds ratios
(OR) (per 1 METs) were 0.972 (95% confidence inter-
val [CT]: 0.945-0.999; P = (.044) and 0.961 (95% CI:
0.925-0.998; P = 0.039) in non-obese and obese men,
respectively (Table 5). ,

. Alcohol intake was significantly higher in non-obese
men with a clustering of MetRF's than in those without
(P <0.001), but was not significantly different in obese
men (P = 0.411) (Table 3). Multiple logistic regres-
sion analysis showed that, in non-obese subjects, alco-
hol intake was significantly associated with the clus-
tering of MetRFs after adjusting for age, BM], total
energy intake, and energy expenditure at work with an
OR (per 10 g/week) of 1,022 (95% CI: 1.007-1.037; P
=0,005). This association was further confirmed in an
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Table 3 Lifestyle characteristics according to clustering of metabolic risk factors (MetRFs) in non-obese and obese males

Non-obese (BMI <25 kg/m?) Obese (BMI > 25 kg/m?)
Number of MeRF's Qorl 2or3 P Qorl 20r3 P
Nutritional Intake
Total energy intake
(keal/day) 2462+703 2371+824 0213 2545704 2339671 0.034
/BW (kcab/kg/day) 4234123 39.6+14.6  0.279 36.1+10.1 32.6+9.8 0.023
Carbohydrate (%) 58.3x7.0 57.3+7.9 0.248 58.1+8.1 57.7+8.0 0.659
Fat (%) 20.8+4.9 20445.6 0.287 20.4+5.3 20.9+5.0 0453
Protein (%) 12.842.6 12.842.6 0.812 12.522.5 12.8£29 0.398.
Salt (g/day) 13.243.7 13.445.3 0.095 13.643.7 132441 0.120
Alcohol (g/week) 117+134 154£165 <0.001 111+133 109134 0.411
Energy expenditure (MET-h/day)
Total - 36.346.3 35.0+5.0 0.083 35.9+6.1 344453 0.056
According to types
Sleep 7.6+1.2 7.8£14 0.164 7.6+1.3 7.8£1.5 - 0341
Sedentary 11.6+4.8 12.044.6 0.516 11.5+4.7 12.1:4.6 0.443
Work 11.3+0.3 9.048.2 0.025 11.6+9.4 9.0+7.9 0.017
Housework 0.9+1.6 1.242.5 0.136 0.7£2.0 0.54£1.0 0.395
Walking or bicycle 3.644.7 3.643.6 0.891 3.3+4.1 3.6+4.9 0.536
Exercise 0.44£1.2 0.56x1.5 0.568 04412 0.4+0.8 0.516
Leisure time 0.6£1.6 0.6£1,1 0.904 0.541.1 0.8+2.5 0.182
According to intensity .
Light intensity (<3.0) 27.246.5 27.7£5.0 0475 27.4+6.4 274453 0.982
Moderate to Vigorous (>3.0) 9.1+10.6 7.3%7.3 0.156 8.6x10.1 7.0£8.8 0.268
Vigorous 26.0) 0.1x0.7 0.1+0.1 0.162 0.140.4 0.140.1 0.194

Data are means =+ SD. Intakes of macronutrients are expressed by % total energy consumption. Differences between subjects with
0 or 1 and 2 or 3 MetRFs were analyzed by ANOVA adjusted for age and BMIL

Table 4 Lifestyle characteristics according to clustering of metabolic risk factors {MetRFs) in non-obese and obese females

Non-obese (BMI < 25 kg/m?) Obese (BMI 2 25 kg/m?)
Namber of Me(RFs Oorl 2oc3 P - Oor1 Zor3 P
Nautritional Intake i
Total energy consumption
(kcal/day) 21104583 2065627  0.396 21874589  2109+578 0304
/BW (kcalkg/day) T 42.8+13 41.1£14 0416 35.4£10.5 33.629:8 0.248
Carbohydrate (%) 58.8£6.5 592474 0.449 59.2£6.4 59.4+6.8 0.586
Fat (%) 24.7+4.6 244+4.8 0.307 244+4.5 24350 0.592
Protein (%} : 14.12£2.6 14.6+3.0 0.390 14427 14.7%2.7 0.558
Salt (g/day) 12.443.9 125¢41 0828 134538 13.0437  0.684
Alchohol (g/week) 9.1437 - 6.6+27 0.581 1140 3:18 0.290
Energy expenditure (MET-b/day) o
Total 36.345.3 3545.0 0.395 36.545.6 359463 0.791
According to type .
Sleep 7.2+1.2 74+11 0.655 7411 7.1%1.0 0.015
Sedentary 11.1+4.7 12.0+4.6 0.248 10.9+5.3 12.3+4.3 0.111
Work . 6.8%7.7 4.64+6.7 0.099 6.6£7.9 - 4.7+16 0.286
Housework ) 7.3£39 6.683.7 0.212 72445 7.5¢4.3 0.386
Walking or bicycle 2.84£3.6 3.543.7 0.189 3.0%3.5 2.683.5 0.251
Exercise ’ 0.3+0.8 0.4+0.9 0.248 0.240.8 0.2+0.6 0.463
Leisure time 0.5%1.5 0.7£1.8 0.728 0.9423 12261 0.644
According to intensity
Light intensity (<3.0) 29.8+4.6 29.243.7 0.329 T 30.6+4.7 29.1#45  0.059
Moderate to Vigorous (3.0) 6.5+7.1 6.246.2 0.992 6.0+62 6.845.0 0.961
Vigorous (26.0) 0.1£0.3 0.14£0.6 0.626 0.120.2 0.2+0.9 0.942

Data are means = SD. Intakes of macronutrients are expressed by % total energy consumption. Differences between subjects with
0 or I and 2 or 3 MetRFs were analyzed by ANOVA adjusted for age and BML
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Table 5 Logistic regression analysis of energy expenditure as a predictor of clustering of metabolic risk factors

Univariate Model 1 Model 2
OR (95% CD P OR (95% CI) P OR (95% CI) P

Men?

Non—cbese 0.971 (0.949-0.9%4) 0.013 0971 (0.945-0997)  0.026 0970 (0.944-0.997)  0.032

Obese 0.966 (0.937-0.997)  0.029 0.957 (0.923-0.992)  0.018 0.962(0.926-0.999)  0.043 -
Women® .

Non—obese 10.956 (0.932-0.981) <0.001 0.973 (0.947-1.000)  0.049 0.975 (0.948—1.003)  0.076

Obese 0.979 (0.949-1.010) 0.185 0.991 (0.959-1.025)  0.606 0.992 (0.958-1.028)  0.663

*Energy expenditure at work, "Energy expenditure at work and for housework
ORs are presented per 1 METs. Model 1: adjusted for age and BMI. Model 2: adjusted for age, BMI, total energy intake, and al-

cohol intake.

analysis in whicli the non-obese men were stratified into
four categories of alcohol (none; light: 1-139 g/week;
heavy: 140-279 g/week; very heavy: > 280 g/week).
In these four categories, the prevalence of a clustering

of MetRFs was 22.8% (n = 29/98), 26.6% (n = 33/91), -

30.0% (n = 36/84), and 38.3% (23/37), respectively (P
for trend = 0.027 ; none vs. very heavy: P = 0.027).

In women (Table 4), we found no significant differ-
ences in lifestyle factors between those with or without
a clustering of MetRFs, in either non-obese or obese
women. The frequencies of subjects without work
were higher in the subjects with a clustering of MetRFs
than those without in non-obese (51.2 vs. 41.1%, P =
0.041) or obese (53.0 vs. 41.7%, P = 0.089) subjects.
However, in the subjects with work, energy expendi-
tures at work were not significantly different between
the subjects with or without a clustering of MetRFs in
non-obese (9.5 & 7.0 vs. 11.6 + 6.8 MET-h/day, P =
0.111) and obese (10.2 8.3 vs. 11.4 £ 7.3 MET-h/day,
P =0.611) women. Since women expended a greater
proportion of energy during housework, we summed
energy expenditure for work and housework. The
resulting summed energy expenditure was significantly
lower in non-obese women with a clustering of MetRFs
than in those without (11.2 +7.4 vs. 14.1+ 8.7 MET W/
day, P = 0.036), but not in the obese women (12.3 £ 8.4
vs. 13.948.4 MET-h/day, P = 0.616). Multiple logis-
tic regression analysis also supported the association
between summed energy expenditures and the cluster-
ing of MetRFs in non-obese women (OR: 0.956; 95%
CI: 0.932-0.981; P < 0.001), although the association
became marginal following adjustment for age, BMI,
total energy intake, and alcohol intake (OR: 0.974; 95%
CI: 0.947-1.002; P = 0.068) (Table 5).

Discussion

Here, we showed that MetRFs were frequently clus-
tered, even in non-obese subjects (Fig. 1), and that sub-
jects with a clustering of MetRFs were often insulin
resistant and had lower serum adiponectin levels com-
pared with subjects without a clustering of MetRFs,
even though the former group were not obese (Tables 1
and 2). These results indicate that non-obese subjects
with a clustering of MetRFs are at increased risk of
CVD, as are obese subjects with a clustering of MetRFs,
in other words subjects with MetS. Therefore, iden-
tifying lifestyle factors associated with the clustering
of MetRFs is important in non-obese subjects as well
as in obese subjects, since it may help us to develop
potential interventions to prevent CVD in non-obese
individuals. Therefore, we examined the associations
between lifestyle factors and clustering of MetRFs in
non-obese and obese subjects separately.

In men, energy expenditure, particularly at work,
was significantly lower in subjects with a clustering
of MetRFs than in those without (Table 3). However,
total energy intake was significantly lower in men with
a clustering of MetRFs than in those without (Table 3).
These results appear to be contradictory. Indeed, both
lower physical activity and excess energy intake were
reported to be associated with the MetS [8-11, 28-31].
MetS is, as described above, essentially obesity in com-
bination with a clustering of other MetRFs. Therefore,
greater energy Intake and lower physical activity were
expected in the subjects with a clustering of MetRFs as
compared with subjects without a clustering of MetRFs,
in the obese group and potentially in the non-obese
group. Unexpectedly, we found that energy intake in
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subjects with a clustering of MetRF's was actually lower
in both the non-obese and obese groups. Consequently,
these results can be explained by the assumption that
the lower energy intake was still in excess taking into
account the individual’s needs based on the low physi-
cal activity and clustering of MetRFs. In fact, multiple
logistic regression analyses showed that energy expen-
diture at work was significantly associated with clus-
tering of MetRFs after adjusting for possible confound-
ing factors, including total energy intake, in non-obese
and obese subjects (Model 2 in Table 3)." An associa-
tion of the MetS with lower physical activity but not
excessive energy intake was also reported in Japanese
subjects [29]. Together, it seems that lower physical
activity, rather than excessive energy intake, is the pre-
dominant risk factor for the clustering of MetRFs in
non-obese Japanese males.

Alcohol intake was significantly higher in non-
obese males with a clustering of MetRFs than in those
without (P =0.005), but was not significantly different
in obese males (P = 0.935). Similarly, the analysis of
non-obese males stratified into the four groups based
on alcohol consumption (none, light, heavy, and very
heavy) showed a positive linear association between
the amount of alcohol intake and the clustering of
MetRFs.  Both analyses indicate that increasing alco-
hol intake increases the risk of clustering of MetRFs
in non-obese Japanese males. However, earlier studies
of MetS have shown a J-shaped relationship between
alcohol intake and the risk of MetS [31-33]. Indeed,
light alcohol consumption was actually associated with
a lower risk of MetS [32-34], while very heavy alco-
hol consumption was associated with a substantial
increase in the risk of MetS [35]. The differences in
the relationship between alcohol intake and the risk of
clustering of MetRFs might be related to differences
in obesity status of the subjects; namely, non-obese
versus obese. Differences in types of alcoholic bever-
ages consumed (e.g., beer, wine, and sake) might also
affect the results [29, 32]. Further studies are needed
to confirm the nature of the relationship between alco-
hol intake and the risk of clustering of MetRFs in non-
obese subjects. ;

In women, we found a weak association between
energy expenditure and clustering of MetRFs. in non-
obese subjects, but not in obese subjects. Conversely,
energy intake was not associated with clustering of
MetRFs in either non-obese or obese women. These
results suggest that, in non-obese Japanese females,

lower physical activity is weakly associated with the
clustering of MetRFs, but that no lifestyle factor is
markedly associated with the clustering of MetRFs in
obese women.

The urine albumin level, a known risk factor for CVD
[36, 37], was not significantly higher in none-obese
males with a clustering of MetRFs compared with those
without. This result does not fully support the concept
that subjects with a clustering of MetRFs are at risk
for CVD, even though they were not obese. However,
because of the relatively small number of subjects
included in this analysis and the cross-sectional nature
of the study, our results do not reject this concept.

The effects of physical activity and energy intake
on MetS have been examined in numerous studies
[8-11, 29-32]. However, few studies have examined v
their effects in non-obese subjects with a clustering of
MetRFs. Here, we showed that non-obese men with a
clustering of MetRFs may be at increased risk of CVD
because of their lower physical activity, but not exces-
sive energy intake, compared with those without. These
findings convey an important message that interven-
tions aimed at increasing physical activity rather than
focusing on decreasing energy intake is more impor-
tant to prevent the clustéring of MetRFs in non-obese
Japanese men. In this context, an about 3% decrease in
the risk of a clustering of MetRFs by 1 METs increase
in physical activity shown here by the multiple logis-
tic regression analysis seems to have a practical impor-
tance. One METs physical activity corresponds fo 20
minutes moderate physical activities such as walking,
fishing and housecleaning, which seem to be easy to be
done. Furthermore, one can increase physical activ-
ity more than 1 METs without much effort, Therefore,
interventions aimed at increasing physical activity to
decrease the risk of a clustering of the MetRFs seem
to be effectively performed in the practical settings,
although effects of such interventions has to be evalu-
ated in the future. . .

This study has several strengths and limitations
that need to be mentioned. In terms of its strengths,
we assessed physical activity and energy intake, both
of which were incorporated info statistical models as
potential confounding factors. The sample size was
also relatively large and consisted of a ‘general’ pop-
ulation of Japanese individuals. In terms of the lim-
itations, physical activity and energy intake were
assessed by questionnaires, although both question-
naires were well validated in prior studies. ‘More pre-
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cise, objective assessment of these factors might pro-
vide different results, which warrant confirmation in
future studies. Furthermore, these questionnaires may
harbor problems in multiple comparisons, since they,
especially the BDHQ, provide large numbers of vari-
ables. In the study, we selected macronutrients, and,
salt, and alcohol, which are known to be associated
with MetS [31-35, 38, 39], from many such nutritional
variables and included 8 variables for physical activ-
ities provided by the JALSPAQ. However, although
the numbers of variables used were insubstantial, the
results reported here could be consequences of chance
findings due to multiple comparisons, and, thus, stud-
ies specifically targeted to variables of interest seem
to be awaited. We also defined obesity according to
BMI, whereas waist circumference is normally used
as criterion for assessing MetS. Considering that BMI
and waist circumference are well correlated, different

resuits may have been obtained had we defined obe-

sity according to waist circumference rather than BMIL
Unfortunately, we did not measure waist circumfer-
ence in many subjects, preventing us from examining
this possibility. The participation rate was low (10.1%)
and, thus, the subjects might not represent whole popu-
lation. However; the lack of difference in most of the
clinical characteristics observed between the male sub-
jects and the male participants who were not included
in the study indicates no obvious selection bias in the

study subjects, at least, in men. Enlarging the sam-
ple size may validate the resulis. The final limitation
is that this was a cross-sectional study. Therefore,
we cannot evaluate the cause—effect relationship for
observed associations. Prospective studies that capture
these data over a period of time are needed to over-
come these limitations.

In conclusion, lower physical activity, but not exces-
sive energy intake, was the predominant lifestyle risk
factor for a clustering of MetRFs in Japanese males,
independent of their obesity status. Our findings war-
rant prospective examination to confirm whether the
association between lower physical activity and clus-
tering of MetRFs in non-obese subjects is also apparent
in other populations/ethnicities.
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Adult Height and Body Mass Index in Relation to Risk
of Total Stroke and its Subtypes: The Circulatory Risk
in Communities Study

Yuji Shimizu, MD, PhD,*t} Hironori Imano, Mp, phD,* Tetsuya Ohira, MD, PhD,*t
Akihiko Kitamura, Mp, phD,T Masahiko Kiyama, mp, pnp,T Takeo Okada, MD, PhD, T
Yoshinori Ishikawa, Mp,T Takashi Shimamoto, MD, PrD, T
Kazumasa Yamagishi, Mp, PhD,1§ Takeshi Tanigawa, MD, PhD, ||
and Hiroyasu Iso, Mp, PhD,* for the CIRCS Investigators

Background: Several studies have reported that height and risk of stroke are in-
versely associated based on the hypothesis that height is a marker of childhood
physical condition. However, a limited number of studies have taken account of
the effect of current physical condition on the relationship between height and
risk of stroke. Methods: We conducted a prospective cohort study of 12,222 40- to
69-year-old Japanese patients under systematic surveillance for stroke incidence. Be-
cause body mass index (BMI) is regarded as a surrogate marker of current physical
condition for cardiovascular risk, we performed a stratified analysis of this risk
based on BMI. Results: During the median 17-year follow-up, there were 565 inci-
dent strokes (326 ischemic and 186 hemorrhagic strokes) showing an inverse associ-
ation between height and risk of stroke independent of classical cardiovascular risk
factors. Compared with the lowest height group (<159 cm for men and <148 cm
for women) as reference, the multivariable hazard ratios (HRs) and 95% confidence
intervals (95% ClIs) for the highest height group (>166 cm for men and >154 cm for
women) were 0.70 (95% CI 0.49-1.00; P = .043) for men and 0.44 (95% CI 0.27-0.70;
P < .001) for women. When the analysis was restricted to those with BMI
<23 kg/m?, the associations were stronger for both hemorrhagic and ischemic
stroke. Conclusions: Height was found to be inversely associated with risk of stroke
for middle-aged Japanese men and women, especially with lower BMIs. Our find-
ings suggest that childhood social and physical conditions may contribute to the de-
velopment of stroke in adulthood because height is a surrogate marker of these
conditions. Key Words: Body mass index—follow-up study—height—risk—stroke.
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Height is an easily measured variable that is thought to
be determined during childhood and adolescence by
genetic predisposition, nutrition, physical and social
environments, and other factors.!® To determine the
effect of these factors in early life on adult health, many
investigators have examined associations between
height and health by positing height as a surrogate
marker of childhood social and physical conditions.

Previous studies have reported that height and risk
of stroke are inversely associated.*® The Japan Public
Health Center-Based Prospective Study (JPHC) found
that short stature was associated with an increased risk
of total stroke and incidence of either hemorrhagic or is-
chemic stroke independent of adult socioeconomic status
or cardiovascular risk factors.* A large prospective study
of South Korean men reported a strong inverse associa-
tion between height and mortality from hemorrhagic
stroke®> The Asia Pacific Cohort Study Collaboration
(APCSC), a large-scale collaborative project, established
that height was inversely associated with risk of mortality
from both total and hemorrhagic strokes but not from is-
chemic stroke.®

Cardiovascular risk factors can be regarded as deter-
mined not only by childhood but also current physical
and social conditions. Genetics?® insulin-like growth
factor (IGF-I),”® renal function,’ heart rate,’® aortic pres-
sure,'! and central aortic pressure12 have all been investi-
gated as possible intermediate factors in the relationship
between height and cardiovascular risk. It can be as-
sumed that such factors, in terms of their influence on
risk of cardiovascular disease, must also be strongly af-
fected by current physical condition, which is completely
independent from height as a risk factor. However, few
studies have taken into account the potential effect of cur-
rent physical condition on the association between height
and risk of stroke. Because body mass index (BMI) is
regarded to be a surrogate marker of current physical con-
dition, and because a higher BMI is known to be a classical
cardiovascular risk factor, we used long-term follow-up
data for middle-aged Japanese patients investigate the as-
sociation between height and risk of stroke and its sub-
types in terms of BMI status.

Methods
Subjects

The Circulatory Risk in Communities Study (CIRCS) is
a prospective, community-based study that was launched
to prevent cardiovascular disease in Japanese popula-
tions.'®> The population surveyed included 4822 men
and 7400 women between 40 and 69 years of age. Resi-
dents in the northeastern rural community of Ikawa and
in the southwestern rural community of Noichi partici-
pated in this study between 1985 and 1990; those in the
central rural community of Kyowa between 1985 and
1991; and those in the southwestern suburb of Yao be-

Y. SHIMIZU ET AL.

tween 1985 and 1994. Persons whose heart rate data
(2 men and 3 women) and/or serum data (89 men and
103 women) and/or alcohol consumption data (10 men
and 16 women) were not available or those with a history
of stroke or coronary heart disease (154 men and
70 women) were excluded. The remaining 11,775 persons
(4567 men and 7208 women) were followed up until the
end of 2004 for residents of Kyowa and Noichi and until
the end of 2007 for those of Ikawa and Yao to determine
the incidence of stroke. The 671 persons (204 men and
467 women) who moved out of their respective communi-
ties during the follow-up and 1451 persons (845 men and
606 women) who died were censored at the date of mov-
ing out or date of death. The median follow-up period for
this study was 17.1 years.

Baseline Examination

Details of the risk factor survey have been described
elsewhere.” Briefly, height in stocking feet and weight
in light clothing were measured, while BMI was calcu-
lated as weight (kg)/height (m)%

Nonfasting blood samples were obtained, and serum
was separated and centrifuged after blood coagulation.
Serum samples were also obtained in a siliconized tube.
Serum total cholesterol, glucose, and creatinine were de-
termined with the enzyme method, hexokinase method,
and noncompensated kinetic Jaffe method, respectively.
A Sequential Multiple Analyzer with Computer (Techni-
con, Tarrytown, NY) was used for all measurements.

Systolic and fifth-phase diastolic blood pressures in the
right arm were measured by trained technicians using
a standard mercury sphygmomanometer. Trained inter-
viewers obtained information on family history of stroke,
smoking status, the use of antihypertensive agents, med-
ical histories, and usual weekly intake of alcohol in units
of “go” (a traditional Japanese unit of volume correspond-
ing to 23 g of ethanol), which was converted to grams of
ethanol per day. One go equals 180 mL of sake rice wine
and corresponds to 1 bottle (633 mL) of beer, 2 single shots
(75 mL) of whiskey, or 2 glasses (180 mL) of wine. Persons
who reported consuming =0.3 go per week were re-
garded as current drinkers.?®!* Diabetes mellitus was
defined as a fasting glucose level of =7.8 mmol/L,
a nonfasting glucose level of =11.1 mmol/L, and/or the
use of a medication for diabetes.

Endpoint Determination

Assessments of medical history, incidence, and death
were conducted once a year during the follow-up period.
Stroke incidence was ascertained by using 6 complemen-
tary sources: (1) national insurance claims, (2) reports
by local physicians, (3) ambulance records, (4) death cer-
tificates, (5) reports by public health nurses and health
volunteers, and (6) cardiovascular risk s;urveys.15 Cases
with stroke as the underlying cause of death (International
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Classification of Diseases, 9th revision, codes 430-438) were
selected from death certificates. To confirm the diagnosis
of stroke, all living patients were visited or asked to com-
plete risk factor surveys. Physicians participating in this
study obtained a medical history and a history of neuro-
logic examinations from stroke patients. For death, histo-
ries were obtained from the families, and medical records
were reviewed.

Stroke was defined as a focal neurologic disorder with
rapid onset and persisting for at least 24 hours or until
death. This clinical criterion was used to determine the
incidence of stroke by a panel of 3 to 4 physicians partici-
pating in the study who were blinded to the data from
the risk factor survey. The determination of stroke sub-
type—ischemic stroke, intraparenchymal hemorrhage,
or subarachnoid hemorrhage—was conducted primarily
by means of computed tomographic (CT)/magnetic reso-
nance imaging (MRI) scans using a standard procedure.
Intraparenchymal hemorrhage and subarachnoid hemor-
rhage were defined as hemorrhagic stroke. CT/MRI scans
were available for 93.0% of stroke cases. Stroke cases that
were diagnosed clinically but showed no lesion on
CT/MRI films were classified according to clinical criteria
based on those established by Millikan.'®

Statistical Analysis

Because a previous Japanese study reported detecting
sex differences in the age-adjusted relationship between
height and stroke mortality, we conducted a sex-specific
analysis."” Differences in age- and community-adjusted
mean values or the prevalence of possibly confounding
factors at baseline by height quartile were calculated by
using analysis of variance or logistic regression models.
Cox proportional hazard regression models were used
to calculate hazard ratios (HRs) and 95% confidence inter-
vals (Cls) of incidence of stroke and its subtypes associ-
ated with height levels. We tested proportionality by
evaluating the interaction between height and time for
stroke incidence and found no violation in the propor-
tional hazard assumption. In addition, subjects were
stratified by BMI status because a relatively higher BMI
is regarded as one of the most common cardiovascular
risk factors.'® Because the World Health Organization
(WHO) has identified a BMI =23 kg/ m?, which corre-
sponds to the median values of BMI for men and women
in our study, as an indicator for enhanced risk of disease
for Asian populations,'” we made 23 kg/m? the BMI
cutoff point. Adjustments for confounding factors were
made in 2 ways. First; we adjusted only for age and
community. Second, we included the other possible
confounding factors: BMI (kg/ m?), family history of
stroke (yes/no), systolic blood pressure (mm Hg), use of
antihypertensive agents (yes/no), heart rates (beats per
minute), smoking status (never smoker, former smoker,
or current smoker), alcohol consumption (never drinker,
former drinker, and current drinker [<23 g/week,
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23-46 g/week, 46-69 g/week, and >69 g/week]), serum
total cholesterol (mg/dL), serum creatinine (mg/dL),
diabetes mellitus (yes/no), and for women menopausal
status (pre- or postmenopausal).

All statistical analyses were conducted with SAS soft-
ware (version 9.1; SAS Inc., Cary, NC). All P values for
statistical tests were 2-tailed, and values <.05 were con-
sidered statistically significant.

Results

Of the 4567 men and 7208 women, 565 suffered incident
strokes during the 17-year follow-up period. These were
304 total strokes (192 ischemic strokes, 59 intraparenchy-
mal hemorrhages and 19 subarachnoid hemorrhages, and
34 unclassified strokes) for men, and the corresponding
numbers for women were 261, 134, 68, 40, and 19.

Table 1 shows sex-specific baseline characteristics by
height quartile. Weight and the ever drinker category
were positively associated with height for both men and
women. Diastolic blood pressure and serum creatinine
were positively associated with height for men, and the
current smoker category was inversely associated with
height for men. Current smoking and drinking were
positively associated, and systolic blood pressure, antihy-
pertensive medication use, BMI, diabetes mellitus, and
family history of stroke inversely associated with height
for women.

As shown in Table 2, height was inversely associated
with the risk of total stroke for both men and women;
the multivariable HR of total stroke for the highest versus
lowest height quartiles were 0.70 (95% CI 0.49-1.00;
P = 043) for men and 044 (0.27-0.70; P < .001)
for women. When the analyses were restricted to persons
with BMI <23 kg/m?, the inverse associations became
stronger. The corresponding HR was 0.47 (0.25-0.87; P =
.011) for men and 0.23 (0.09-0.55; P < .001) for women,
while no significant associations were observed for per-
sons with BMI =23 kg/m? (P for interaction 0.047 for
men and 0.003 for women).

In addition, an inverse association was also observed
for either ischemic or hemorrhagic stroke for both men
and women with BMI <23 kg/ m? (Table 3). The multivar-
iable HRs of ischemic and hemorrhagic strokes for the
highest versus lowest height quartiles were 041 (0.17-
0.99; P = .049) and 0.28 (0.09-0.94; P = .035) for men and
0.07 (0.01-0.51; P = .001) and 0.46 (0.16-1.32; P = .054)
foi: women.

Discussion

A major finding of the present study was that height
was inversely associated with the risk of total stroke for
both Japanese men and women. This association was lim-
ited to persons with a relatively lower BMI (<23 kg/ m?)
and the association obtained for either ischemic or hemor-
rhagic stroke.
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Table 1. Sex-specific and age- and community-adjusted mean values and percentages by height quartile

Height quartile*
Q1 (lowest) Q2 Q3 Q4 (highest) P value
Men
Median height (cm) 156 161 164 169
No. of patients at risk 1137 1160 1104 1166
Age (y) 57.9 55.6 53.7 50.1
Family history of strokef 26 26 25 23 335
Systolic blood pressure (mm Hg) 133.3 133.4 133.1 132.2 362
Diastolic blood pressure (mm Hg) 81.1 82.0 82.5 83.0 .002
Antihypertensive medication use (%) 14 14 14 12 461
Body mass index (kg/mz) 23.0 233 23.2 233 159
Weight (kg) 55.5 60.0 62.8 67.3 <.001
Heart rate (beats/min) 68 67 68 68 .106
Diabetes mellitus (%) 6 6 5 6 783
Current smoker (%) 60 59 58 54 .019
Ex-smoker (%) 81 82 84 84 238
Current drinker (%) 76 78 79 81 .069
Ex-drinker (%) 69 73 74 74 .039
Total cholesterol (mg/dL) 191 191 190 190 .637
Serum creatinine (mg/dL) 0.99 1.00 1.01 1.02 <.001
Women

Median height (cm) 145 149 152 157
No. of patients at risk 1955 1459 1929 1865
Age (y) 58.1 54.7 52.7 48.7
Family history of stroke} 28 29 26 24 002
Systolic blood pressure (mm Hg) 1313 1304 1303 129.6 .046
Diastolic blood pressure (mm Hg) 78.6 78.5 78.9 78.7 728
Antihypertensive medication use (%) 15 14 13 11 .033
Body mass index (kg/m?) 23.8 23.6 234 23.0 <.001
Weight (kg) 49 52 54 57 <.001
Heart rate (beats/min) 72 71 71 71 147
Diabetes mellitus (%) 3 3 2 2 .025
Current smoker (%) 6 5 6 8 010
Ex-smoker (%) 7 7 7 10 .010
Current drinker (%) 9 10 10 13 .002
Ex-drinker (%) 10 11 11 14 .001
Total cholesterol (mg/dL) 204 203 204 201 209
Serum creatinine (mg/dL) 0.80 0.80 0.80 0.81 182
Postmenopausal (%) 62 63 63 62 934

*Height quartiles were <159 cm, 159-162 cm, 163-166 cm, and >166 cm for men and <148 cm, 148-150 cm, 151-154 cm, and >154 cm for

women.
{Family history of stroke: stroke history of parents.

The Japan Public Health Center-Based Prospective
Study (JPHC), with an enrollment of 15,564 Japanese
men and women between 40 and 59 years of age estab-
lished inverse associations of height with the incidence
of total, ischemic, and hemorrhagic strokes, with multi-
variable HRs (95% CI) for a height increment of 1SD
(6.43 cm for men, 5.79 cm for women) of 0.82 (0.74-0.90),
0.83 (0.73-0.95), and 0.80 (0.70-0.92), respectively.* The
NIPPON DATAS80 study, which followed 3969 and 4955
Japanese men and women for 19 years, reported that
height was inversely associated with stroke mortality
multivariable HRs (95%CI) for a 5-cm increment of 0.92

(0.79-1.08) for men and 0.77 (0.64-0.91) for women.!”
The Asia Pacific Cohort Study Collaboration (APCSC)
reported establishing a  significant association bet-
ween height and risk of total stroke, and especially
for hemorrhagic stroke, for both men and women. The
multivariable HRs (95%CI) of total, ischemic, and hemor-
rhagic strokes per 1 standard deviation (6 cm for men and
women) increase in height for Asian populations were
0.93 (0.90-0.97), 0.98 (0.92-1.04), and 0.90 (0.84-0.96),
respectively, for men and 0.93 (0.88-0.98), 0.98 (0.89-
1.07), and 0.86 (0.78-0.95), respectively, for women.® We
found additional evidence that the significant inverse
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Table 2. Sex-specific hazard ratios and 95% confidence intervals for total stroke in relation to height for total subjects and stratified by body mass index

Quartile of height*
1 Standard deviation increments
Q1 (low) Q2 Q3 Q4 (high) P value for trend in height
Men

Total subjects

No. of patients at risk 1137 1160 1104 1166

No. of cases (%) 107 (9.4) 83 (6.1) 67 (1.2) 47 (4.0

Age- and community-adjusted HR 1.00 0.87 (0.65-1.15) 0.84 (0.61-1.14) 0.68 (0.47-0.97) .034 0.91 (0.81-1.03)

Multivariable HRt ‘ 1.00 0.85 (0.64-1.14) 0.81 (0.59-1.11) 0.70 (0.49-1.00) .043 0.91 (0.80-1.03)
BMI <23 kg/m?

No. of patients at risk 612 561 533 546

No. of cases (%) 60 (9.8) 41(1.3) 29 (5.4) 14 (2.6)

Age- and community-adjusted HR 1.00 0.85 (0.57-1.27) 0.73 (0.46-1.14) 0.42 (0.23-0.76) .004 0.82 (0.69-0.98)

Multivariable HR} 1.00 0.88 (0.59-1.31) 0.71 (0.45-1.11) 0.47 (0.25-0.87) 011 0.85 (0.71-1.01)
BMI =23 kg/m®

No. of patients at risk 525 599 571 620

No. of cases (%) 47 (9.0) 42 (7.0) 38 (6.7) 33 (5.3)

Age- and community-adjusted HR 1.00 0.88 (0.58-1.34) 0.93 (0.60-1.43) 0.92 (0.58-1.46) 768 0.99 (0.84-1.18)

Multivariable HR} 1.00 0.86 (0.57-1.32) 0.91 (0.59-1.41) 0.91 (0.57-1.46) 733 0.98 (0.82-1.17)

Women

Total subjects

No. of patients at risk 1955 1459 1929 1865

No. of cases (%) 114 (5.8) 66 (4.5) 59 (3.1) 22 (1.2)

Age- and community-adjusted HR 1.00 0.97 (0.72-1.32) 0.75 (0.54-1.03) 0.42 (0.26-0.68) <.001 0.76 (0.67-0.87)

Multivariable HRt 1.00 1.01 (0.75-1.38) 0.75 (0.55-1.04) 0.44 (0.27-0.70) <.001 0.77 (0.67-0.87)
BMI <23 kg/m*

No. of patients at risk 831 682 935 1031

No. of cases (%) 51 (6.1) 22 (3.2) 212.2) 6 (0.6)

Age- and community-adjusted HR 1.00 0.69 (0.42-1.14) 0.58 (0.34-0.97) 0.29 (0.10-0.56) <.001 0.65 (0.53-0.80)

Multivariable HRt 1.00 0.72 (0.43-1.20) 0.56 (0.33-0.94) 0.23 (0.09-0.55) <.001 0.66 (0.54-0.81)
BMI =23 kg/m* -

No. of patients at risk 1124 777 994 834

No. of cases (%) 63 (5.6) 44 (5.7) 38 (3.8) 16 (1.9)

Age- and community-adjusted HR 1.00 1.23 (0.83-1.81) 0.90 (0.60-1.36) 0.62 (0.35-1.10) 135 0.86 (0.73-1.02)

Multivariable HR} 1.00 1.34 (0.90-1.97) 0.95 (0.63-1.44) 0.65 (0.36-1.15) 209 0.86 (0.72-1.03)

Abbreviations: BMI, body mass index; HR, hazard ratio.

*Height quartiles were <159 cm, 159-162 cm, 163-166 cm, and >166 cm for men and <148 cm, 148-150 cm, 151-154 cm, and >154 cm for women.
1Adjusted further for age and community, body mass index, smoking, alcohol intake, serum total cholesterol, serum creatinine, systolic blood pressure, heart rates, antihypertensive medication use,

diabetes mellitus, family history of stroke, and for women menopausal status.
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Table 3. Sex-specific hazard ratios and 95% confidence intervals for ischemic and hemorrhagic strokes in relation to height for persons with relatively lower body mass index (<23 kgim?)

Quartile of height*
1 Standard deviation increment
Q1 (low) Q2 Q3 Q4 (high) P value for trend in height
Men

Ischemic stroke

No. of cases (%) 38 (6.2) 25 (4.5) 18 3.4) 6 (1.1)

Age- and community-adjusted HR 1.00 0.87 (0.52-1.44) 0.78 (0.44-1.38) 0.34 (0.14-0.81) .020 0.79 (0.63-0.99)

Multivariable HR} 1.00 0.89 (0.53-1.49) 0.76 (0.43-1.34) 0.41 (0.17-0.99) 049 0.83 (0.66-1.04)
Hemorrhagic stroke}

No. of cases (%) 17 (2.8) 12 2.1) 9 (1.7) 40.7)

Age- and community-adjusted HR 1.00 0.80 (0.38-1.68) 0.67 (0.29-1.52) 0.29 (0.10-0.90) 031 0.82 (0.60-1.18)

Multivariable HR} 1.00 0.81 (0.38-1.72) 0.65 (0.28-1.48) 0.28 (0.09-0.94) 035 0.83 (0.60-1.16)
Intraparenchymal hemorrhage

No. of cases (%) 13 2.1 11 (2.0) 5(0.9) 4 (0.7)

Age- and community-adjusted HR 1.00 0.98 (0.44-2.20) 0.52 (0.18-1.47) 0.42 (0.13-1.35) .080 0.85 (0.59-1.22)

Multivariable HR} 1.00 0.97 (0.43-2.19) 0.50 (0.18-1.42) 0.43 (0.13-1.40) 084 0.86 (0.60-1.24)
Subarachnoid hemorrhage

No. of cases (%) 4 (0.7) 1(0.2) 4(0.8) 0 (0)

Age- and community-adjusted HR 1.00 — — — 0.71 (0.35-1.42)

Multivariable HR} 1.00 — — — 0.57 (0.21-1.52)

Women

Ischemic stroke

No. of cases (%) 27 (3.2) 13 (1.9) 12 (1.3) 1(0.1)

Age- and community-adjusted HR 1.00 0.75 (0.38-1.46) 0.59 (0.24-1.19) 0.07 (0.01-0.51) .002 0.65 (0.50-0.86)

Multivariable HR} 1.00 0.77 (0.39-1.45) 0.53 (0.26-1.10) 0.07 (0.01-0.51) .001 0.65 (0.49-0.86)
Hemorrhagic stroke}

No. of cases (%) 20 2.4) 7(1.0) 6 (0.6) 5(0.5)

Age- and community-adjusted HR 1.00 0.55 (0.23-1.31) 0.41 (0.16-1.03) 0.46 (0.16-1.32) .049 0.62 (0.45-0.85)

Multivariable HR} 1.00 0.29 (0.25-1.43) 0.42 (0.17-1.08) 0.46 (0.16-1.32) 054 0.64 (0.46-0.88)
Intraparenchymal hemorrhage

No. of cases (%) 15 (1.6) 304 3(0.3) 3(0.3)

Age- and community-adjusted HR 1.00 0.32 (0.09-1.13) 0.29 (0.08-1.01) 0.42 (0.11-1.58) .050 0.51 (0.35-0.73)

Multivariable HR} 1.00 0.34 (0.10-1.21) 0.28 (0.08-1.01) 0.38 (0.10-1.43) .039 0.50 (0.33-0.74)
Subarachnoid hemorrhage

No. of cases (%) 5(0.6) 4(0.6) 3(0.3) 2(0.2)

Age- and community-adjusted HR 1.00 1.19 (0.32-4.51) 0.75 (0.17-3.23) 0.60 (0.11-3.48) 507 0.90 (0.51-1.59)

Multivariable HR} 1.00 1.33(0.35-5.11) 0.85 (0.19-3.74) 0.69 (0.12-3.99) 123 0.97 (0.55-1.71)

Abbreviation: HR, hazard ratio.

*Height quartiles were <159 cm, 159-162 cm, 163-166 cm, and >166 cm for men and <148 cm, 148-150 cm, 151-154 cm, and >154 cm for women.
1Adjusted further for age and community, body mass index, smoking, alcohol intake, serum total cholesterol, serum creatinine, systolic blood pressure, heart rates, antihypertensive medication use,

diabetes mellitus, family history of stroke, and for women menopausal status.

}Intraparenchymal hemorrhage and subarachnoid hemorrhage.
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HEIGHT, BODY MASS INDEX, AND RISK OF STROKE

association between height and risk of stroke were con-
fined to men and women with lower BMI values. In addi-
tion, those significant associations were observed for both
ischemic and hemorrhagic strokes.

The mechanisms for the associations between height
and risk of stroke, especially for nonoverweight persons,
warrant discussion. Because height is regarded as a surro-
gate marker of childhood social and physical conditions
while BMI may reflect primarily current physical condi-
tions, a detailed analysis of persons with lower BMI
may elucidate a potential effect of childhood conditions.

Throughout the fetal period and childhood, envi-
ronmental factors, such as nutrition and socioeconomic
circumstances, have a profound effect on childhood de-
velopment.?

Adverse socioeconomic conditions early in life have
been associated with a risk of stroke mor‘cality,21 and
low intake of animal protein in adulthood with increased
blood pressure? and the risk of intraparenchymal hemor-
rthage.*> Another study of children (>2 years) reported
that blood pressure levels either for systolic or diastolic
were higher in malnourished children and in those who
had recovered from malnutrition after an average
follow-up period of 6 years.** That finding suggests that
malnutrition in childhood may lead to the higher risk of
stroke in adulthood.

Genetic factors also may contribute to the effect of short
stature. According to a prospective study of 35,000 pairs
of twins of Denmark, Finland, and Sweden, twins who
died from coronary heart disease were shorter than their
monozygotic twin (OR 1.27; 95% CI 1.12-1.44), but such
a difference was not found in dizygotic twins (OR 1.07;
95% CI 0.98-1.16).% This means that the relationship be-
tween height and coronary heart disease mortality could
be explained in terms of environmental rather than ge-
netic influences. However, that study did not take stroke
as endpoint into account. additional studies are needed to
examine if heredity explains the relationship between
height and risk of stroke.

As for the mechanism involved, it is plausible that
IGF-I mediates the association between height and risk
of stroke because IGF-I levels are reportedly positively
associated with height in childhood® and inversely asso-
ciated with the risks of ischemic stroke” and intraparen-
chymal hemorrhage.®

Birth weight and height correlate strongly with adult
height,26 and low birth weight is known to be associated
with altered renal shape, reduced renal volume, and
fewer nephrons.”” Short stature may therefore increase
the chance of kidney malfunction and hypertension oc-
curring later in life,” which may lead to a higher risk of
stroke. In our study, however, the association between
height and risk of stroke was observed even after adjust-
ment for serum creatinine levels.

The physical conditions associated with short stature
may also explain the association between height and
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risk of stroke. Persons with shorter stature are likely
to have faster heart rates and reduced return time for
reflected waves and augmentation of primary systolic
pulses, which may then lead to increased central aortic
pressure.’? In addition, while faster heart rates'® and in-
creased central aortic pressure'' have been associated
with increased risk of cardiovascular disease, adjustment
for heart rate did not alter associations in our study.

Our findings should be interpreted with some caution.
First, we did not have access to information about child-
hood physical data, such as blood pressure, or sera
data, which tended to limit our estimation of childhood
conditions. Second, we did not have access to creatinine
clearance data, so no conclusion could be reached about
the influence of renal dysfunction on the associations be-
tween height and risk of stroke. However, our study
showed that these associations remained significant
even after adjusting for serum creatinine. We could not
conduct a meaningful statistical analysis for subtypes of
hemorrhagic stroke because of the limited number of
cases among persons with lower BMI. However, similar
associations were observed for both intraparenchymal
and subarachnoid hemorrhage.

In conclusion, we determined that height was inversely
associated with risk of stroke among middle-aged Japa-
nese men and women. That inverse association for either
hemorrhagic or ischemic stroke was limited to persons
with lower BMI, which suggests that childhood social
and physical conditions may contribute to the develop-
ment of stroke in adulthood.

References

1. McCarron P, Okasha M, McEwen J, et al. Height in young
adulthood and risk of death from cardiorespiratory dis-
ease: A prospective study of male former students of
Glasgow University, Scotland. Am ] Epidemiol 2002;
155:683-687.

2. Gunnell D. Can adult anthropometry be used as
a ‘biomarker’ for prenatal and childhood exposures? Int
J Epidemiol 2002;31:390-394.

3. Silventoinen K, Zdravkovic S, Skytthe A, et al. Associa-
tion between height and coronary heart disease mortality:
A prospective study of 35,000 twin pairs. Am J Epidemiol
2006;163:615-621.

4. Honjo K, Iso H, Inoue M, et al. Adult height and risk of
cardiovascular disease among middle aged men and
women in Japan. Eur ] Epidemiol 2011;26:13-21.

5. Song YM, Smith GD, Sung J. Adult height and cause-
specific mortality: A large prospective study of South
Korean man. Am ] Epidemiol 2003;158:479-485.

6. Lee CM, Barzi F, Woodward M, et al. Adult height
and the risks of cardiovascular disease and major causes
of death in the Asia-Pacific region: 21,000 deaths
in 510,000 men and women. Int J Epidemiol 2009;
38:1060-1071.

7. Johnsen SP, Hundborg HH, Sorensen HT, et al. Insulin-
like growth factor (IGF) I, -II, and IGF binding protein-3
and risk of ischemic stroke. J Clin Endocrinol Metab
2005;90:5937-5941.

- 56-



674
8.

10.

il

12.

13.

14.

15

16.

17,

Iso H, Maruyama K, Ikehara S, et al. Cellular growth
factors in relation to mortality from cardiovascular
disease in middle-aged Japanese: The JACC study.
Atherosclerosis 2012;224:154-160.

. Eriksson JG, Forsen TJ, Kajantie E, et al. Childhood

growth and hypertension in later life. Hypertension
2007;49:1415-1421.

Kannel WB, Kannel C, Paffenbarger RS Jr, et al. Heart rate
and cardiovascular mortality: The Framingham Study.
Am Heart ] 1987;113:1489-1494.

Roman MJ, Devereux RB, Kizer JR, et al. Central pressure
more strongly relates to vascular disease and outcome
than does brachial pressure: The Strong Heart Study.
Hypertension 2007;50:197-203.

Smulyan H, Marchais SJ, Pannier B, et al. Influence
of body height on pulsatile arterial hemodynamic data.
J Am Coll Cardiol 1998;31:1103-1109.

Simamoto T, Komachi Y, Inada H, et al. Trends for
coronary heart disease and stroke and their risk factors
in Japan. Circulation 1989;79:503-515.

Shimizu Y, Maeda K, Imano H, et al. Chronic kidney dis-
ease and drinking status in relation to risks of total stroke
and its subtypes; the Circulatory Risk in Communities
Study (CIRCS). Stroke 2011;42:2531-2537.

Iso H, Sato S, Umemura U, et al. Linoleic acid, other fatty
acids, and the risk of stroke. Stroke 2002;33:2086-2093.
Millikan CA. Report by an ad hoc committee established
by the advisory council for the National Institute of Neu-
rological Disease and Blindness, Public Health Service: A
classification and outline of cerebrovascular diseases.
Neurology 1958;8:393-433.

Hozawa A, Murakami Y, Okamura T, et al, The NIPPON
DATABS80 Research Group. Relation of adult height with
stroke mortality in Japan NIPPON DATAS80. Stroke
2007;38:22-26.

18.

ALk

20.

21.

224

23.

24.

25.

26.

27.

-57-

Y. SHIMIZU ET AL.

Aoyagi K, Takamura N, Abe Y, et al. Obesity and cardio-
vascular risk factors among men and women aged
40 years and older in a rural area of Japan. ] Physiol
Anthropol 2006;25:371-375.

World Health Organization Expert Consultation. Appro-
priate body mass index for Asian population and
its implications for policy and intervention strategies.
Lancet 2004;363:157-163.

Miura K, Nakagawa H, Greenland P. Invited commen-
tary: Height—cardiovascular disease relation: Where to
go from here? Am ] Epidemiol 2002;155:688-689.
Galobardes B, Smith GD, Lynch JW. Systematic review
of the influence of childhood socioeconomic circum-
stances on risk for cardiovascular disease in adulthood.
Ann Epidemiol 2006;16:91-104.

Umesawa M, Sato S, Imano H, et al. Relations between
protein intake and blood pressure in Japanese men and
women: The Circulatory Risk in Communities Study
(CIRCS). Am ] Clin Nutr 2009;90:377-384.

Iso H, Stampfer MJ, Manson JE, et al. Prospective study of
fat and protein intake and risk of intraparenchymal hem-
orrhage in women. Circulation 2001;103:856-863.

Sesso R, Barreto GP, Neves ], et al. Malnutrition is associ-
ated with increased blood pressure in childhood. Neph-
ron Clin Pract 2004;97:61-66.

Ben-Shlomo Y, Holly J, McCarthy A, et al. An investiga-
tion of fetal, postnatal and childhood growth with
insulin-like growth factor I and binding protein 3 in
adulthood. Clin Endocrinol (Oxf) 2003;59:366-373.
Sorensen HT, Sabroe S, Rothman K], et al. Birth weight
and length as predictors for adult height. Am ] Epidemiol
1999;149:726-729.

Hughson M, Farris AB 3rd, Douglas-Denton R, et al.
Glomerular number and size in autopsy kidneys: The re-
lationship to birth weight. Kidney Int 2003;63:2113-2122.



