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>1 cup/d). To correct the estimate for socioeconomic status, the We conducted stratified analyses by age, physical function
models were adjusted for years of education. Time spent  status, and smoking status. We stratified by age (<70 y or >70 y),
walking was used as an indicator of physical activity because it  because death from pneumonia increases with age (19, 20). We
is the most common type of physical activity among middle-  also stratified by physical function status, because we considered
aged and older individuals in Japan. The validity and re-  that the participants with limited physical function (MOS score
producibility of the question on time spent walking has been  of 0-1) would be at high risk of aspiration pneumonia. In ad-
reported previously (18). Before including the above variables  dition, stratified analysis by smoking status was conducted,
into the multivariate models, interactions between green tea  because smoking is a risk factor for pneumonia (4, 5). For
consumption and confounders were tested through the addition  stroke, our previous study found an inverse association between
of cross-product terms to the multivariate model. green tea consumption and death from stroke (15). Therefore, to
TABLE 1
Baseline characteristics of men according to green tea consumption (n = 19,079)
Green tea consumption
<1 cup/d 1-2 cups/d 3-4 cups/d >5 cups/d
Characteristics (n = 5715) (n = 4313) (n = 3897) (n = 5094) P value’
Age (y) 572 + 10.77 573 £ 108 59.8 = 103 614 £ 99 <0.0001
g Years of education {n (%)] <0.0001
3 <i0y 3460 (62.6) 2356 (56.6) 2206 (58.5) 3041 (61.6)
l§ >10y 2067 (37.4) 1808 (43.4) 1564 (41.5) 1894 (38.4)
= BMI [n (%)] <0.006
3 <18.5 kg/m?® 179 (3.3) 138 (3.4) 103 2.7) 193 (3.9)
& 18.5-24.9 kg/m® 3824 (69.6) 2929 (71.0) 2713 (72.2) 3489 (71.3)
é >25.0 kg/m? 1489 (27.1) 1056 (25.6) 942 (25.1) 1215 (24.8)
O Time spent walking [1 (%)] <0.006
= <1h/d 2676 (49.9) 2062 (51.0) 1960 (53.7) 2443 (51.4)
= >1h/d 2685 (50.1) 1979 (49.0) 1693 (46.3) 2308 (48.6)
N Physical function status [n (%)] <0.0001
§ Able to perform vigorous or 4663 (83.0) 3579 (85.2) 3258 (85.6) 4251 (85.3)
= moderate activity
8 Capable of light activity 627 (11.1) 411 (9.8) 388 (10.2) 527 (10.6)
5 Capable of self-care or unable 329 (5.9) 210 (5.0) 160 (4.2) 203 (4.1)
2 to do anything
= History of hypertension {n (%)} <0.0001
.% Yes 1238 (21.4) 1003 (23.3) 986 (25.3) 1248 (24.5)
~ No 4537 (78.6) 3310 (76.7) 2911 (74.7) 3846 (75.5)
History of diabetes mellitus [n (%)] 0.09
Yes 386 (6.7) 284 (6.6) 304 (1.8) 371 (1.3)
No 5389 (93.3) 4029 (93.4) 3593 (92.2) 4723 (92.7)
History of gastric ulcer [n (%)] 0.002
Yes 1102 (19.1) 848 (19.7) 794 (20.4) 1116 (21.9)
No 4673 (80.9) 3465 (80.3) 3103 (79.6) 3978 (78.1)
History of tuberculosis [n (%)] <0.0001
Yes 205 (3.5) 151 (3.5) 206 (5.3) 307 (6.0)
No 5570 (96.5) 4162 (96.5) 3691 (94.7) 4787 (94.0)
Smoking status [n (%)] <0.0001
Never 1151 21.7) 804 (20.4) 722 (19.9) 824 (17.5)
Former 1289 (24.3) 964 (24.4) 1022 (28.2) 1349 (28.6)
Current, <20 cigarettes/d 930 (17.6) 713 (18.0) 650 (17.9) 898 (19.1)
Current, 220 cigarettes/d 1926 (36.4) 1471 (37.2) 1230 (34.0) 1640 (34.8)
Alcohol consumption [n (%)] <0.0001
Never 931 (16.5) 615 (14.6) 563 (14.8) 918 (18.5)
Former 540 (9.6) 379 (9.0 372 (9.8) 547 (11.1)
Current 4161 (73.9) 3214 (76.4) 2865 (75.4) 3490 (70.4)
Total energy intake (kcal/d) 1783 = 612.5 1812 + 603.3 1852 * 587.7 1901 = 5913  <0.0001
Daily dietary consumption
Miso (soybean paste) soup [n (%)} 4914 (85.1) 3807 (88.3) 3504 (89.9) 4633 (91.0) <0.0001
Soybean products (g/d) 47 £ 287 50 + 283 53 £ 277 57 + 269 <0.0001
Total fish (g/d) 55 £ 355 58 + 34.8 61 + 343 67 = 34.6 <0.0001
Green or yellow vegetables (g/d) 62 = 429 67 * 43.2 72 *£ 433 78 + 459 <0.0001
Coffee, >1 cup/d [n (%)] 2357 (44.3) 1892 (50.9) 1415 (42.5) 1513 35.7) <0.0001
! ANOVA or chi-square test.
2 Mean * SD (all such values).
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distinguish the relation between green tea consumption and  of follow-up. To ensure that the estimates were not biased by
pneumonia risk and that between green tea consumption and  multicollinearity, the age-adjusted HRs for the green tea con-
stroke risk, we conducted a sensitivity analysis with the use of  sumption categories were also calculated and compared with the
a subset of data that was restricted to participants with a very  multivariate-adjusted HRs.
low risk of stroke, who had no history of hypertension, and had
never smoked.

To minimize the possibility that diet or lifestyle factors had ~RESULTS
changed in response to subclinical disease, we repeated all Baseline characteristics of the participants according to green
analyses after excluding participants who had died in the first 3y  tea consumption category are shown in Table 1 and Table 2.
TABLE 2
Baseline characteristics of women according to green tea consumption (n = 21,493)
Green tea consumption
<1 cup/d 1-2 cups/d 34 cups/d >5 cups/d
Characteristics (n = 4877) (n = 4458) (n = 4950) (n = 7208) P value’
Age (y) 58.5 = 10.8? 59.6 = 10.5 61.2 £ 97 62.2 £ 9.2 <0.0001
= Years of education [n (%)] <0.0001
:E <10y 2683 (58.9) 2288 (54.3) 2545 (54.0) 3980 (58.0)
g >10y 1689 (41.1) 1926 (45.7) 2167 (46.0) 2877 (42.0)
= BMI [n (%)] 0.003
3 <18.5 kg/m?® 209 (4.6) 158 3.7) 192 4.1) 252 3.7)
Y] 18.5-24.9 kg/m? 2942 (64.3) 2770 (65.3) 3096 (65.5) 4,335 (62.9)
~§ >25.0 kg/m* 1422 (31.1) 1317 (31.0) 1438 (30.4) 2301 (33.4)
L Time spent walking [ (%)] 0.0006
= <1h/d 2444 (55.7) 2295 (56.1) 2670 (59.2) 3836 (58.7)
= >1hAd 1941 (44.3) 1794 (43.9) 1843 (40.8) 2703 41.3)
g Physical function status [ (%)] ' <0.0001
§ Able to perform vigorous or 3171 (67.1) 2963 (68.6) 3313 (68.4) 4925 (70.0)
= moderate activity
.3 Capable of light activity 936 (19.8) 859 (19.9) 1039 (21.4) 1482 (21.1)
S Capable of self-care or unable 621 (13.1) 496 (11.5) 494 (10.2) 624 (8.9)
= to do anything
= History of hypertension [n (%)] <0.0001
é Yes 1203 (24.7) 1212 (27.2) 1413 (28.5) 2157 (29.9)
No 3674 (75.3) 3246 (72.8) 3537 (71.5) 5051 (70.1)
History of diabetes mellitus [n (%)] 0.06
Yes 252 (5.2) 204 (4.6) 264 (5.3) 413 (5.7)
No 4625 (94.8) 4254 (95.4) 4686 (94.7) 6795 (94.3)
History of gastric ulcer [n (%)] 0.70
Yes 531 (10.9) 510 (11.4) 545 (11.0) 774 (10.7)
No 4346 (89.1) 3948 (88.6) 4405 (89.0) 6434 (89.3)
History of tuberculosis [n (%)] 0.0002
Yes 123 (2.5) 102 (2.3) 161 (3.2) 253 (3.5)
No 4754 (97.5) 4356 (91.7) 4789 (96.8) 6955 (96.5)
Smoking status [n (%)] , <0.0001
Never 3370 (87.5) 3231 (91.6) 3654 (92.9) 5062 (89.3)
Former 112 (2.9) 84 (2.4) 91 (2.3) 152 2.7)
Current, <20 cigarettes/d 236 (6.1) 138 (3.9) 146 (3.7) 316 (5.6)
Current, >20 cigarettes/d 136 (3.5) 73 2.1) 44 (1.1) 140 (2.4)
Alcohol consumption [n (%)] <0.0001
Never 2883 (70.7) 2697 (73.0) 3092 (74.9) 4341 (724)
Former 220 (5.4) 146 (3.9) 159 (3.9) 248 (4.1)
Current 977 (23.9) 853 (23.1) 876 (21.2) 1407 (23.5)
Total energy intake (kcal/d) 1188 + 3659 1231 £ 3479 1268 * 329.8 1310 * 3304 <0.0001
Daily dietary consumption
Miso (soybean paste) soup [n (%)] 4004 (82.1) 3886 (87.2) 4409 (89.1) 6395 (88.7) <0.0001
Soybean products (g/d) 43 =242 47 £ 231 50 £ 22.0 51 £215 <0.0001
Total fish (g/d) 47 + 30.6 50 £ 303 54 + 290 57 £ 29.7 <0.0001
E Green or yellow vegetables (g/d) 72 = 470 81 + 474 85 * 46.6 89 + 484 <0.0001
j Coffee, >1 cup/d [n (%)] 1829 (42.2) 1783 (47.0) 1599 (39.1) 1715 (29.4) <0.0001
! ANOVA or chi-square test.
2 Mean * SD (all such values).
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Men and women with higher green tea consumption were sig-
nificantly older and had a history of hypertension and tubercu-
losis, but they were less likely to have time spent walking. They
were also more likely to have a higher energy intake and to
consume individual foods such as miso soup, soybean products,
total fish, and total green or yellow vegetables. No apparent
associations were observed between green tea consumption
categories and years of education and alcohol consumption. Men
were more likely to have a history of gastric ulcer, but they were
less likely to be obese and to have never smoked. Women were
more likely to be obese and to have a history of diabetes mellitus.

Over 12 y of follow-up (406,824 person-years), we docu-
mented 406 deaths from pneumonia. A total of 6033 participants
were lost to follow-up during the study period because of
withdrawal from the NHI system, and the follow-up rate was
85.1%. The association between green tea consumption and the
HRs and associated 95% Cls of death from pneumonia are shown
in Table 3. We found inverse associations between green tea
consumption and death from pneumonia in women but not in
men. In women, the multivariate HRs of death from pneumonia
associated with different frequencies of green tea consumption
were 1.00 (reference) for <1 cup/d, 0.59 (95% CI: 0.36, 0.98)
for 1-2 cups/d, 0.55 (95% CI: 0.33, 0.91) for 3—4 cups/d, and
0.53 (95% CI: 0.33, 0.83) for >5 cups/d (P for trend: 0.008).
Comparison between the age-adjusted model and the multivar-
iate model suggested that the estimates were not biased by
multicollinearity. The multivariate HRs of death from pneumo-
nia according to the 5 categories of green tea consumption,
without combining the lower 2 categories, were 1.00 (reference)
for never, 0.56 (95% CI: 0.30, 1.02) for occasional, 0.41 (95%
CI: 0.22, 0.76) for 1-2 cups/d, 0.38 (95% CI. 0.21, 0.70) for 34
cups/d, and 0.36 (95% CI: 0.21, 0.65) for >5 cups/d (P for trend:
0.002). When we excluded the 47 participants who died within
the first 3 y of follow-up, the results did not change substantially.

TABLE 3

We also tested the interaction between green tea consumption
and confounders through the addition of cross-product terms to
the multivariate model. Interaction between green tea con-
sumption and sex was statistically significant (P = 0.01), but no
interaction between green tea consumption and the other vari-
ables was observed.

The multivariate HRs of death from pneumonia according to
green tea consumption stratified by age, physical function status,
and smoking status in women are shown in Table 4. Among
participants aged <70 y and participants aged >70 y, the point
estimates of the HRs for death from pneumonia were below
unity. In contrast, in men, no apparent association was observed
between green tea consumption and HRs of death from pneu-
monia among participants aged <70 y and those aged >70 y.
Although we additionally conducted stratified analyses by age at
65 y and 75y, the results also did not change substantially. For
physical function status, in men, no apparent association was
observed between green tea consumption and the HRs of death
from pneumonia in all subgroups. In women, in all subgroups,
the point estimates of the HRs for death from pneumonia were
below unity, although the trend test showed no statistically
significant relations. Among never smokers in women, green tea
consumption was substantially associated with a low risk of
death from pneumonia. Because the number of deaths from
pneumonia in former smokers and current smokers was in-
sufficient for separate analysis, we combined the data of the
former smokers and current smokers. In contrast, for men, no
apparent association was observed between green tea con-
sumption and the HRs of death from pneumonia among the
participants in all subgroups.

When analysis was restricted to the 13,735 participants with
a low risk of stroke, who had no history of hypertension and had
never smoked, the point estimates of the HRs for death from
pneumonia were below unity. The multivariate HRs were 1.00

Hazard ratios (HRs) of death from pneumonia according to green tea consumption in Japan’

Green tea consumption

<1 cup/d 1-2 cups/d 3-4 cups/d >5 cups/d P for trend

Men (n = 19,079)

Person-years 57,481 42,963 38,830 51,309

No. of deaths 75 52 55 93

Age-adjusted HR? 1.00 (referent) 0.90 (0.63, 1.28) 0.81 (0.57, 1.15) 0.91 (0.67, 1.23) 0.49

Multivariate HR*? 1.00 (referent) 0.98 (0.69, 1.41) 1.02 (0.71, 1.45) 1.15(0.83, 1.59) 0.38

Multivariate HR?™ 1.00 (referent) 0.97 (0.65, 1.45) 1.07 (0.73, 1.56) 1.21 (0.86, 1.71) 0.24
‘Women (n = 21,493)

Person-years 47,426 44411 50,528 73,879

No. of deaths 43 24 26 38

Age-adjusted HR? 1.00 (referent) 0.54 (0.33, 0.89) 0.48 (0.30, 0.78) 0.44 (0.29, 0.68) 0.0004

Multivariate HR?? 1.00 (referent) 0.59 (0.36, 0.98) 0.55 (0.33, 0.91) 0.53 (0.33, 0.83) 0.008

Multivariate HR?* 1.00 (referent) 0.65 (0.39, 1.09) 0.56 (0.33, 0.94) 0.50 (0.31, 0.81) 0.005

" HRs were calculated by Cox proportional hazard regression analysis.

295% Cls in parentheses.

3 Adjusted for age (continuous variable); years of education (<10 or >10y); BMI (in kg/m?; <18.5, 18.5-24.9, or >25.0); time spent walking (<1 or >1
h/d); physical function status (those able to perform vigorous or moderate activity, those capable of light activity, or those capable of self-care or unable to do
anything); history of hypertension (yes or no); history of diabetes mellitus (yes or no); history of gastric ulcer (yes or no); history of tuberculosis (yes or no);
smoking status (never, former, currently smoking <20 cigarettes/d, or currently smoking >20 cigarettes/d); alcohol consumption (never, former, or currently
drinking); daily total energy intake (continuous variables); daily consumption of miso (soybean paste) soup (yes or no); daily consumption of soybean

products, total fish, and total green or yellow vegetables (for each food, continuous variable); and daily consumption of coffee (<1 or >1 cup).

* Participants who died in the first 3 y of follow-up were excluded from this analysis.
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TABLE 4

Stratified analysis of the association between green tea and death from pneumonia in women’

Green tea consumption

@ The American Journal of Clinical Nutrition

P for
<1 cup/d 1-2 cups/d 3—4 cups/d >S5 cups/d P fortrend  interaction
Age 0.15
<70y (n = 17,235)
Person-years 39,752 36,582 40,865 58,538
No. of deaths 11 7 5 8
Multivariate HR>? 1.00 (referent) 0.69 (0.26, 1.82) 0.38 (0.13, 1.13) 042 (0.16, 1.10) 0.05
>70y (n = 4258)
Person-years 7673 7829 9662 15,341
No. of deaths 32 17 21 30
Multivariate HR? 1.00 (referent) 0.56 (0.31, 1.02) 0.61 (0.35, 1.08) 0.57 (0.34, 0.96) 0.06
Physical function status 0.32
Able to perform vigorous or moderate
activity (n = 14,372)
Person-years 31,638 30,038 34,326 51,240
No. of deaths 11 4 9 12
Multivariate HR>* 1.00 (referent) 0.33 (0.10, 1.05) 0.52 (0.20, 1.31) 0.46 (0.20, 1.11) 0.18
Capable of light activity (n = 4316)
Person-years 8976 8499 10,603 15,049
No. of deaths 11 12 3 12
Multivariate HR** 1.00 (referent) 1.00 (0.43, 2.35) 0.23 (0.06, 0.84) 0.58 (0.24, 1.36) 0.07
Capable of self-care or unable to do
anything (n = 2235)
Person-years 5350 4564 4634 5844
No. of deaths 21 7 13 12
Multivariate HR>* 1.00 (referent) 0.38 (0.16, 0.92) 0.62 (0.30, 1.30) 0.45 (0.22, 0.95) 0.07
Smoking status 0.31
Never (n = 15,317)
Person-years 32,973 32,321 37,575 52,132
No. of deaths 26 21 21 25
Multivariate HR*’ 1.00 (referent) 0.81 (0.45, 1.46) 0.67 (0.37, 1.21) 0.56 (0.32, 0.99) 0.04
Former (n = 439) or current (n = 1229)
Person-years 4682 2880 2751 6124
No. of deaths 7 1 0 3
Multivariate HR*>® 1.00 (referent) 0.11 (0.01, 1.09) — 0.13 ¢0.02, 0.67) 0.01

! Hazard ratios (HRs) were calculated by Cox proportional hazard regression analysis and were adjusted for age (continuous variable); years of education
(<10 or >10y); BMI (in kg/m?; <18.5, 18.5-24.9, or >25.0); time spent walking (<1 or >1 h/d); history of hypertension (yes or no); history of diabetes
mellitus (yes or no); history of gastric ulcer (yes or no); history of tuberculosis (yes or no); alcohol consumption (never, former, or currently drinking); daily
total energy intake (continuous variables); daily consumption of miso (soybean paste) soup (yes or no); daily consumption of soybean products, total fish, and
total green or yellow vegetables (for each food, continuous variable); and daily consumption of coffee (<1 or >1 cup).

2 Additionally adjusted for physical function status (those able to perform vigorous or moderate activity, those capable of light activity, or those capable
of self-care or unable to do anything) and smoking status (never, former, currently smoking <20 cigarettes/d, or currently smoking >20 cigarettes/d).

3 95% CIs in parentheses.

“ Additionally adjusted for smoking status (never, former, currently smoking <20 cigarettes/d, or currently smoking >20 cigarettes/d).
3 Additonally adjusted for physical function status (those able to perform vigorous or moderate activity, those capable of light activity, or those capable of

self-care or unable to do anything).

(reference) for <1 cup/d, 0.65 (95% CI: 0.30, 1.40) for 12
cups/d, 0.80 (95% CI. 0.41, 1.57) for 3-4 cups/d, and 0.77 (95%
CI: 0.41, 1.43) for >5 cups/d (P for trend: 0.52).

DISCUSSION

This is the first prospective cohort study to have investigated
the association between green tea consumption and death from
pneumonia. Our study showed an inverse association between
green tea consumption and death from pneumonia in women.
This finding was consistent with in vitro and animal studies that
have shown activities of catechins against a variety of infectious
agents (9-13).

— 302

Our study showed a discrepancy between men and women for
the association between green tea consumption and risk of death
from pneumonia. We first considered that this discrepancy
might be attributable to the effect of cigarette smoking, because
the smoking rate was higher in men than in women. However,
inverse associations were observed among never smokers in
women (Table 4), and no apparent associations were observed
for any smoking status among men. In addition, no interaction
between green tea consumption and smoking status was ob-
served. We therefore secondly considered that catechin activ-
ities might differ between men and women. It has been reported
that tea catechins may have estrogenic activity, which might
partly account for the discrepancy between men and women
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(21). However, the reasons for the discrepancy remain largely
uncertain.

Our previous study also indicated an inverse association be-
tween green tea consumption and death as a result of cardio-
vascular disease, and this inverse association was stronger in
women (15). Therefore, the present results could be interpreted as
not only an effect of green tea in preventing pneumonia, but also
as an effect of green tea in preventing other diseases that are
associated with pneumonia risk, such as stroke. We did not follow
the incidence of stroke that had occurred after the baseline survey.
However, the results of sensitivity analysis of participants with
a low risk of stroke, who had no history of hypertension and had
never smoked, showed an inverse association between green tea
consumption and risk of death from pneumonia. In Japan, pri-
mary cause of death has been determined according to the rules
for selecting the underlying cause of death in the ICD-10.
Therefore, death from pneumonia associated with previous
stroke was classified as stroke, and pneumonia unrelated to
previous stroke was classified as pneumonia. The present results
might therefore be interpreted as an effect of green tea against
infection.

The observed inverse associations between green tea con-
sumption and death from pneumonia might be mediated by health
and comorbidities that lead to aspiration pneumonia. However,
we limited deaths from influenza and pneumonia (J10-J18), and
we did not include aspiration pneumonia (J69). We also statis-
tically controlled for a variety of potential confounding factors in
the multivariate-adjusted model and conducted analyses after
excluding participants who had died in the first 3 y of follow-up.
In addition, we conducted a stratified analysis by age, because
death from pneumonia increases with age (19, 20). The inverse
association between green tea consumption and risk of death
from pneumonia was consistently observed in women, irre-
spective of whether they were aged <70 y or aged >70 y. We
also conducted a stratified analysis by physical function status,
because we considered that participants with limited physical
function would be at higher risk of aspiration pneumonia. The
inverse association between green tea consumption and risk of
death from pneumonia was consistently observed, irrespective of
whether participants were able to perform vigorous or moderate
activity, light activity, or merely self-care or unable to do any-
thing unaided. The finding that their 95% ClIs were not signifi-
cant might have been due to lack of statistical power. Therefore,
the observed inverse associations between green tea consump-
tion and death from pneumonia might not be mediated by health
and comorbidities that lead to aspiration pneumonia.

Our finding of an inverse association between green tea
consumption and death from pneumonia appeared to be a
threshold effect. In women, the multivariate HRs of death from
pneumonia compared with <1 cup/d were 0.59 for 1-2 cups/d,
0.55 for 34 cups/d, and 0.53 for >5 cups/d. The results of
analysis according to the 5 categories, without combining the
lower 2 categories of green tea consumption, also showed a
threshold effect. In other words, persons consuming >1 cup/d might
receive the benefit from the beverage. There may be differences
in dietary intake and health characteristics besides green tea
consumption between the lowest fourth and the highest three-
fourths of the distribution. However, in our models we adjusted
for various potential confounders, and the estimates did not
change substantially from the age-adjusted estimates. Further-

more, a previous study showed that higher intakes of fruit and
vegetables were associated with lower risk of death from all
causes, cancer, and cardiovascular disease, and that the associa-
tion appeared to be a threshold effect (22). Taken together, the
results might indicate that polyphenols, contained in fruit and
vegetables as well as green tea, might operate through a threshold
effect.

Our study had several limitations. First, we collected the in-
formation on green tea consumption only once before the follow-
up period. Therefore, measurement error cansed by changes in
green tea consumption over time among the subjects could have
distorted our results. However, this misclassification may be
nondifferential and would tend to result in underestimation of the
effect of green tea consumption. Second, we had no information
about the cause of pneumonia. Of 406 deaths from pneumonia,
96% were classified as organism unspecified (J18) because such
information was not provided on the death certificates. However,
the causative agent responsible for pneumonia is rarely identified,
even in rigorous epidemiologic studies of pneumonia (23, 24).
Third, although we statistically controlled for a variety of po-
tential confounding factors in the multivariate-adjusted model,
conducted analyses after excluding participants who had died in
the first 3 y of follow-up, and conducted a stratified analysis by
age and physical function status, we were unable to eliminate
residual confounding. In addition, we were unable to fully ex-
clude the possibility that the death from pneumonia might have
included pneumonia associated with previous stroke, although
the primary cause of death was determined according to the rules
for selecting the underlying cause of death in the ICD-10. As-
piration pneumonia also might have been coded as death from
pneumonia, although we limited deaths from pneumonia (J10-
J18), and we did not include aspiration pneumonia (J69).
Therefore, clinical trials are ultimately necessary to confirm the
protective effect of green tea on death from pneumonia.

In conclusion, this prospective cohort study has shown an
inverse association between green tea consumption and death
from pneumonia among Japanese women. Our data showed the
effect of green tea consumption against pneumonia and support
the possibility that green tea components exert antiviral and
antimicrobial activities against a variety of infectious agents.
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Aim: We investigated the individual and population impacts of mild abnormalities associated with the
metabolic syndrome (blood pressure, lipids and glucose) and abdominal obesity, to which lifestyle
modification is initially applicable, on cardiovascular disease risk. Methods: Using a cohort study of 2,685
Japanese men aged 35 to 59 years with an 11-year follow-up period, we calculated relative risks for
cardiovascular diseases due to mild metabolic abnormalities that included at least one of the following three
conditions: 1) systolic blood pressure 130-139 mmHg and/or diastolic blood pressure 85-89 mmHg; 2)
triglycerides150-299 mg/dl and/or high-density lipoprotein cholesterol 35-39 mg/dl; and 3) fasting plasma
glucose 110-125 mg/dl and/or abdominal obesity. Participants with a mild metabolic abnormality were
compared to participants with no metabolic abnormality or abdominal obesity, The population attributable
fraction of these abnormalities for cardiovascular diseases was also estimated. Results: At baseline, 9.8%
and 21.8% of the total population had a mild metabolic abnormality with or without abdominal obesity,
respectively, while 7.5% had isolated abdominal obesity without any metabolic abnormality. A mild
metabolic abnormality with or without abdominal obesity and isolated abdominal obesity increased the risk
of cardiovascular disease by 2.68-fold, 1.49-fold, and 2.36-fold, respectively. Approximately 20% of
cardiovascular diseases in the total population were attributable to either mild metabolic abnormalities or
isolated abdominal obesity. Conclusion: The importance of lifestyle modification should be acknowledged
especially in cases with a mild metabolic abnormality and/or abdominal obesity, who may contribute to
approximately 20% of the population burden for cardiovascular diseases.
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[ Introduction |

Cardiovascular risk factors such as elevated blood pressure, abnormal lipid profiles and disordered glucose
metabolism have a graded linear relationship with the risk of cardiovascular diseases including coronary
heart disease and stroke [1-5]. On the basis of this evidence, more rigorous intervention is applicable to a
worse condition. Thus, individuals with moderate-to-severely abnormal findings are generally required to
be under medical control. Individuals with only mildly abnormal findings are usually encouraged to
improve these abnormalities, using non-pharmacological therapy, in health checkups and healthcare advice,

even though the individuals may have several mildly abnormal findings.

In 2008, the Japanese national government introduced a nationwide public health strategy to reduce the
burden of cardiovascular diseases due to abdominal obesity and associated metabolic disorders, mainly
elevated blood pressure, high triglycerides, low high-density lipoprotein (HDL) cholesterol, and disordered
glucose metabolism [6-8]. In this strategy which is influenced by the Japanese concept and diagnostic
criteria of the metabolic syndrome [9], priority is given to obese individuals who have metabolic disorders,
with the concept that such individuals should modify their lifestyle in order to decrease accumulation of
abdominal fat, which in turn may lead to control of blood pressure and lipid and glucose levels. In addition,
the severity of metabolic disorders is also considered to determine whether individuals should be treated
first using pharmacological or non-pharmacological therapies. Although non-obese individuals with a
metabolic abnormality are not prior candidates in this strategy, appropriate healthcare advice should be
provided for such non-obese individuals. Non-obese individuals with a mild metabolic abnormality are also
in need of non-pharmacological therapy initially, but this therapy is, at least partially, different from what is
required for obese individuals with a mild metabolic abnormality. There is therefore a need to examine the
risk of developing cardiovascular diseases, taking into account the above situations as they apply to the
Japanese population. It is particularly important for public health purposes such as medical checkups and
healthcare advice, to estimate the population burden of cardiovascular diseases due to a mild metabolic
abnormality with and without abdominal obesity, to which appropriate non-pharmacological therapy should
be applicable, depending on the presence or absence of abdominal obesity. To the best of our knowledge,
little is known on the risk of developing cardiovascular diseases due to mild metabolic abnormalities
associated with the metabolic syndrome and/or abdominal obesity in the Japanese population, as previous
studies have mainly examined the association between metabolic disorders (or morbid conditions pursuant
to this syndrome) and the risk of these diseases, without considering the severity of the metabolic disorders
and excluding individuals who are taking medication for metabolic disorders [10-18]. We used a cohort
study in middle-aged Japanese men to investigate the individual and population impacts of mild
abnormalities associated with the metabolic syndrome and/or abdominal obesity on the risk of

cardiovascular diseases.

[ Participants and Methods |
Study design and participants
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The study population consisted of Japanese men who worked for a metal products factory in Toyama
prefecture, Japan. The Industrial Safety and Health Law in Japan requires employers to conduct annual
health examinations for all employees. Details of this study population have been reported previously
[15,19,20]. A total of 2,952 male employees aged 35 to 59 years, who underwent a health examination in
1996, were enrolled in the study, with subsequent follow-up for 11 years until March 2007. The present
cohort study was approved by the Institutional Review Committee of Kanazawa Medical University for

Ethical Issues.

Of the 2,952 participants, 267 were excluded due to either a history of previous cardiovascular disease (n =
11), taking medications for either hypertension, hypercholesterolemia, hypertriglyceridemia and/or diabetes
(n = 211), missing information at the time of the baseline survey (n = 12), or failure to obtain information

in the follow-up survey (n = 33). The remaining 2,685 participants were included in the analyses.

Baseline examination

Data collected at study entry included age, medical history, smoking and alcohol drinking habits, leisure-
time physical activity, anthropometric indices including waist circumference, blood pressure, serum total
cholesterol, HDL cholesterol, triglycerides and fasting plasma glucose. Fasting blood samples were
obtained by cubital venipuncture and then shipped to one laboratory (BML, Inc., Toyama, Japan) for
analysis. Plasma glucose levels were measured enzymatically using an automatic analyzer. Total
cholesterol and triglyceride levels were measured by enzyme assay using another automatic analyzer, while
HDL cholesterol levels were measured by a direct determination method. A single blood pressure
measurement was carried out by trained staff using a mercury sphygmomanometer after the participants
had rested for five minutes in the seated position. Waist circumference was measured above the iliac crest
and below the lowest rib margin during minimal respiration in the standing position. Medical history,
cigarette smoking and alcohol drinking habits, and leisure-time physical activity were evaluated using a

self-administered questionnaire.

Definition of the absence or presence of mild or moderate-to-severe metabolic abnormalities and
abdominal obesity

Abnormalities in blood pressure, lipids (triglycerides and/or HDL cholesterol) and glucose were defined
using the criteria of the Japanese Society of Internal Medicine on behalf of the Japanese Committee to
Evaluate Diagnostic Standards for Metabolic Syndrome [9]. Each abnormality was then classified further
as being either mildly or moderate-to-severely abnormal, using the criteria adopted by the Japanese health
checkups and healthcare advice, with particular focus on the metabolic syndrome (“Tokutei Kenshin
Tokutei Hoken Shidou™) [6-8]. Mildly abnormal blood pressure, lipids (triglycerides and/or HDL
cholesterol) and glucose were defined as meeting the criteria where individuals need support to modify
their undesirable lifestyle in order to improve metabolic disorders accounting to the criteria of the Tokutei

Kenshin Tokutei Hoken Shidou (health checkups and healthcare advice specifically focusing on the
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metabolic syndrome). Moderately-to-severely abnormal blood pressure, lipids and glucose were defined as
meeting the criteria where individuals should be advised to consult a physician. Details of this classification
are shown in Table 1. The lower cut-off value for mildly abnormal glucose was set as 110 mg/dl which
represents the Japanese metabolic syndrome criteria [9] and not 100 mg/d, the criteria used in the Japanese
Tokutei Kenshin Tokutei Hoken Shidou (health checkups and healthcare advice specifically focusing on the
metabolic syndrome) [6-8].

The study participants were diagnosed as having no, a mild or moderate-to-severe metabolic abnormality
after comprehensive evaluation of blood pressure, lipids, and glucose (Table 2). Participants who did not
have abnormal blood pressure, lipid profile or glucose levels were classified as having “no metabolic
abnormality”. Participants who had at least one mild abnormality in either blood pressure, lipids or glucose
without moderate-to-severely abnormal blood pressure, lipids or glucose were classified as having a “mild
metabolic abnormality”. Participants who had at least one moderate-to-severe abnormality in either blood

pressure, lipids or glucose were classified as having a “moderate-to-severe metabolic abnormality”.

Abdominal obesity, defined as a waist circumference > 85 cm, was treated separately from abnormal blood
pressure, lipids and glucose, as the criteria for the Japanese metabolic syndrome regards it as a mandatory

element [9].

Follow-up survey

Vital status and the incidence of cardiovascular diseases were ascertained at March 2007, representing a
follow-up period of over 11 years. For participants who stayed in the target factory, questionnaires on
medical history in the annual health checkups and medical certifications for sickness absence were used to
obtain information on cardiovascular disease history during the follow-up period. For retired participants,
questionnaires on cardiovascular disease history were sent annually by mail. In the case of deceased
participants, information was obtained from family members. The medical records of every participant who
was considered as having a history of cardiovascular disease from this procedure were reviewed to confirm
the diagnosis, without knowledge of the variables at baseline. In some deceased cases, death certifications
were referenced. If a participant died or a retired participant did not reply to the questionnaire on

cardiovascular disease history, follow-up was stopped at that point.

The diagnostic criteria for myocardial infarction were modified from those of the MONItoring trends and
determinants of CArdiovascular disease (MONICA) project conducted by the World Health Organization
[21]. Myocardial infarction was defined as suffering typical chest pain with findings of abnormal and
persistent Q or QS waves on an electrocardiogram and/or changes in cardiac enzyme activity. Sudden
cardiac death was defined as death within one hour of onset, a witnessed cardiac arrest or abrupt collapse.
Angina pectoris was also included as a coronary heart disease event in cases who underwent coronary

artery angioplasty or bypass surgery. Stroke was defined as suffering a focal neurological disorder with
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rapid onset, which persisted for at least 24 hours or until death, with supporting evidence from imaging
examinations such as computed tomography or magnetic resonance imaging. The diagnosis of stroke

subtype was classified on the basis of the imaging examinations.

Outcome used in the present study was a first-ever incident event of all cardiovascular diseases that
included coronary heart disease and stroke. The former included myocardial infarction, sudden cardiac
death, and angina pectoris requiring an intervention to the coronary arteries, while the latter included

cerebral infarction, cerebral hemorrhage, subarachnoid hemorrhage, and unspecified stroke.

Statistical analysis

The three metabolic abnormality groups (ie, no, mild or moderate-to-severe metabolic abnormality) defined
in the previous section (Table 2) were stratified further according to the presence or absence of abdominal
obesity. This yielded the following six groups: 1) no metabolic abnormality without abdominal obesity; 2)
mild metabolic abnormality without abdominal obesity; 3) moderate-to-severe metabolic abnormality
without abdominal obesity; 4) no metabolic abnormality with abdominal obesity; 5) mild metabolic
abnormality with abdominal obesity; and 6) moderate-to-severe metabolic abnormality with abdominal
obesity. Hazard ratios, compared to the no metabolic abnormality without abdominal obesity group, were
calculated for the five other groups. A Cox proportional hazard model was used to calculate the hazard
ratios and their corresponding 95% confidence intervals for the outcomes in each group. This model
incorporated the following variables as covariates: age (35-39, 40-44, 45-49, 50-54, 55-59 years), smoking
habits (current, former, never smoked), drinking habits (heavy, light, occasional, no drinking), leisure-time
physical activity (hard, moderate, light, no activity) and non-HDL cholesterol level (< 170, > 170 mg/dl).
Non-HDL cholesterol was calculated as total cholesterol — HDL cholesterol and was used as a covariate
instead of low-density lipoprotein cholesterol, the level of which could not be calculated for participants

with extremely high triglyceride levels [22].

The population attributable fraction, which represents the contribution of mild and moderate-to-severe
metabolic abnormalities to cardiovascular disease in the study population, was then estimated as proportion
% (hazard ratio — 1)/hazard ratio [23], using the proportion of incident cases in the metabolic abnormality

group and the multivariate-adjusted hazard ratio derived from this analysis.
Statistical analyses were performed using the Statistical Package for the Social Sciences Version 12.0J for
Windows (SPSS Japan Inc., Tokyo, Japan). All probability values were two-tailed and the significance

level was set at p < 0.05.

[ Results ]
Characteristics of the study population
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The baseline characteristics of the 2,685 study participants in total and grouped according to the severity of
metabolic abnormality and abdominal obesity status are summarized in Table 3. The mean age of the study
population was 45.2 years. Of the total participants, 39.1% had neither metabolic abnormality nor
abdominal obesity, 21.8% had a mild metabolic abnormality without abdominal obesity, 12.7% had a
moderate-to-severe metabolic abnormality without abdominal obesity, 7.5% had isolated abdominal obesity
without any metabolic abnormality, 9.8% had a mild metabolic abnormality with abdominal obesity and
9.0% had a moderate-to-severe metabolic abnormality with abdominal obesity. The mean age increased
with worsening metabolic abnormalities for participants with and without abdominal obesity. With a few
exceptions, mean blood pressure, triglyceride and fasting glucose levels increased with worsening
metabolic abnormalities, whereas mean HDL cholesterol decreased with worsening metabolic status. Mean

non-HDL cholesterol also increased with worsening metabolic abnormalities.

Individual risk of cardiovascular diseases due to each metabolic disorder and abdominal obesity

The study involved 26,882 person-years of follow-up in the 2,685 study participants. The mean overall
follow-up period was 10.0 years. During follow-up, 58 first-ever incident events of cardiovascular diseases
were recorded, including 20 myocardial infarctions, 4 sudden cardiac deaths, 5 cases of angina pectoris
with coronary intervention, 17 cerebral infarctions, 8 cerebral hemorrhages, and 4 subarachnoid
hemorrhages. The crude incidence rate of cardiovascular diseases in the study population was 2.16 / 10600

person-years.

Table 4 shows that increased severity of elevations in blood pressure, dyslipidemia or disordered glucose
metabolism were likely to independently increase the risk of cardiovascular disease. Abdominal obesity

was also an independent risk factor for cardiovascular diseases.

Individual risk of cardiovascular diseases due to mild or moderate-to-severe metabolic abnormalities
and/or abdominal obesity

Table 5 shows the hazard ratios for the incidence of cardiovascular disease due to mild or moderate-to-
severe metabolic abnormalities and/or abdominal obesity. Compared to the absence of any metabolic
abnormality and abdominal obesity, a moderate-to-severe metabolic abnormality without abdominal
obesity, a mild metabolic abnormality with abdominal obesity and a moderate-to-severe metabolic
abnormality with abdominal obesity increased the risk of cardiovascular disease by 2.52-fold, 2.68-fold,
and 4.12-fold, respectively. All three of these hazard ratios were statistically significant. A mild metabolic
abnormality without abdominal obesity and isolated abdominal obesity without any metabolic abnormality

also tended to increase the risk of cardiovascular disease by 1.49-fold and 2.36-fold, respectively.

Population risk of cardiovascular diseases due to mild or moderate-to-severe metabolic abnormalities

and/or abdominal obesity
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Figure 1 shows the estimations of population attributable fractions for cardiovascular disease. These
calculations showed 19.3% of cardiovascular diseases that occurred in the study population were
attributable to either a mild metabolic abnormality or abdominal obesity alone without any metabolic
abnormality, 5.7% to a mild metabolic abnormality without abdominal obesity, 5.0% to isolated abdominal
obesity, and 8.6% to a mild metabolic abnormality with abdominal obesity. Furthermore, 28.4% of the

cardiovascular diseases were attributable to a moderate-to-severe metabolic abnormality.

[ Discussion ]

This cohort study in middle-aged Japanese men demonstrated that the risk of cardiovascular disease was
likely to be higher in participants who had a mild metabolic abnormality either with or without abdominal
obesity and in participants who had isolated abdominal obesity without any metabolic abnormality for
whom non-pharmacological therapy is required initially, compared to participants who had neither a
metabolic abnormality nor abdominal obesity. A mild metabolic abnormality or isolated abdominal obesity
contributed up to 20% of the cardiovascular diseases that occurred in the study population. The unique
feature of this report is that the risk of cardiovascular disease due to components of the metabolic syndrome

was evaluated from the viewpoint where intervention is a priority in health checkups and healthcare advice.

A mild metabolic abnormality based on our definitions is usually considered to require non-
pharmacological therapy initially to improve the abnormality, regardless of the presence or absence of
abdominal obesity. In contrast, a moderate-to-severe metabolic abnormality based on our definitions is
usually considered to require consultation with a physician [6-8]. Our results are reasonable to this
principle of health checkups and healthcare advice, when we viewed our results separately in obese
participants and non-obese participants. The risk of cardiovascular disease tended to be the first and the
second highest in participants with a moderate-to-severe metabolic abnormality and in participants with a
mild metabolic abnormality, respectively, regardless of abdominal obesity status, despite the corresponding
risk originally being higher in participants with abdominal obesity than in those without. Surprisingly, our
results indicate that some obese individuals with a mild metabolic abnormality have a cardiovascular risk
that is as high as that in non-obese individuals with a moderate-to-severe metabolic abnormality. This
suggests that it may be better to advise some obese individuals with a mild metabolic abnormality to
consult a physician prior to recommending non-pharmacological therapy, due to their possible high risk of
cardiovascular disease. Obese participants with two or more mild metabolic disorders, who met the
Japanese metabolic syndrome criteria (i.e., presence of abdominal obesity accompanied by two or more
metabolic disorders) [9], may have a higher cardiovascular risk than obese participants with only a single
metabolic disorder. This concern arises from the findings of a previous study in a Western population
carried out by Vasan and colleagues [24]. They observed that coronary heart disease event rates rose with
increasing number of borderline abnormalities in blood pressure (systolic 120-139 mmHg or diastolic 80-
89 mmHg), serum low-density lipoprotein cholesterol (100-159 mg/dl), high-density lipoprotein cholesterol
(40-59 mg/dl), glucose (fasting 110-125 mg/dl or 2-hour post-prandial 140-199 mg/dl) and smoking habits
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(former smoking), although this previous study did not investigate abdominal obesity or serum triglycerides
that are components of the metabolic syndrome, but did record serum low-density lipoprotein cholesterol
levels and smoking habits [24]. In fact, the Japanese Tokutei Kenshin Tokutei Hoken Shidou (health
checkups and healthcare advice specifically focusing on the metabolic syndrome) criteria [6-8] places
importance on both the number and severity of metabolic abnormalities in health checkups and healthcare
advice. Unfortunately, our study did not include a sufficiently large number of participants or events to
conduct additional analyses using the number of mild metabolic abnormalities to further classify the
participants. Further studies on a greater number of participants and cases are therefore warranted to clarify
whether there is a further increase in cardiovascular disease risk in individuals with a cluster of mild

metabolic disorders, compared to individuals with only a single metabolic disorder.

When non-obese and obese individuals were combined in our analyses, the burden of cardiovascular
disease due to mild metabolic abnormalities and isolated abdominal obesity was equivalent to
approximately two-thirds of the corresponding burden due to moderate-to-severe metabolic abnormalities.
Approximately 15% of cardiovascular diseases in our study population were attributable to either
abdominal obesity in association with a mild metabolic abnormality or isolated abdominal obesity. Ideally,
rigorous lifestyle modification that decreases accumulation of abdominal fat without administration of
medication is initially applicable. In other words, a value of 15% represents the ideal expected reduction in
the burden of cardiovascular disease resulting from rigorous lifestyle modification to decrease abdominal
fat accumulation without the need to take medication. On the other hand, other lifestyle modifications such
as reducing dietary sodium intake are also of importance, especially in non-obese individuals with mild
metabolic abnormalities, a group that contributed to approximately 5% of the cardiovascular diseases
observed in our study population. This suggests that non-obese individuals with a mild metabolic
abnormality should not be overlooked from the viewpoint of public health for the prevention of
cardiovascular diseases in the Japanese population, who are relatively lean. The burden of cardiovascular
disease due to combined mild and moderate-to-severe metabolic abnormalities was grater in obese
participants than in non-obese participants: 30.6% (= 5.0% + 8.6% + 17.0%) vs. 17.1% (= 5.7% + 11.4%).
This pattern is opposite to estimation in a previous Japanese study, which shows a grater population
attributable fraction for ischemic cardiovascular disease among non-obese men with metabolic disorders
(33%), compared to obese men with metabolic disorders and individuals with obesity alone (22%) [16].
This difference may be partially due to characteristics which differ between these two study populations,
suggesting that our observed burden of cardiovascular disease due to mild and moderate-to-severe
metabolic abnormalities without abdominal obesity is underestimated, whereas the corresponding burden

due to mild and moderate-to-severe metabolic abnormalities with abdominal obesity is overestimated.
The present study had several limitations. First, as our study participants consisted solely of male workers

in one factory, it is necessary to take care when generalizing our results. Furthermore, participants who had

already started to take medication for metabolic disorders prior to study entry were excluded. Second, the
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metabolic abnormalities in this report included high blood pressure, high triglycerides, low HDL
cholesterol, and high glucose which are components of the metabolic syndrome, but did not include high
total cholesterol which is another determinant of cardiovascular disease risk [2]. Dyslipidemia was
evaluated using a combination of triglyceride and HDL cholesterol levels based on the Japanese metabolic
syndrome criteria [9]. In addition, mildly abnormal glucose control was defined as a fasting glucose level
between 110 and 125 mg/dl. However, broadly similar hazard ratios were observed for cardiovascular
disease due to mild and moderate-to-severe metabolic abnormalities and/or abdominal obesity, when the
lower cut-off value was set as 100 mg/d, based on the Japanese Tokutei Kenshin Tokutei Hoken Shidou
(health checkups and healthcare advice specifically focusing on the metabolic syndrome) criteria [6-8]
(data not shown). Third, we measured waist circumference, using the landmark above the iliac crest and
below the lowest rib margin, which is different from the protocol in the Japanese metabolic syndrome
criteria which uses the level of the umbilicus for the measurements [9]. However, one study suggests that
the association between waist circumference and cardiovascular diseases is unlikely to depend on the
measurement protocol [25]. Fourth, abdominal obesity was treated separately from blood pressure, lipids,
and glucose, not only because it is an essential factor in the Japanese metabolic syndrome criteria [9], but
also because of a lack of evidence on mild and moderate-to-severe increases in waist circumference. Fifth,
the follow-up survey protocol differed between participants who stayed in the target factory and retired
participants. Although information on cardiovascular disease could be easily and completely obtained for
participants staying in the factory, there were difficulties and failures to obtain the corresponding
information from retired participants. While this difference in data collection may have resulted in bias, the
follow-up rate of the cohort was very high (99%) and therefore we consider it is acceptable to disregard this
possibility. Finally, we used a composite outcome in which coronary heart disease and stroke events were
combined due to the relatively small number of events. In addition, coronary heart disease included cases

of angina pectoris that required intervention to the coronary arteries.

In conclusion, obese and non-obese individuals with mildly abnormal blood pressure, lipids and/or glucose
and obese individuals without any metabolic disorders may have, on average, an approximately 2-fold
increased risk of cardiovascular disease, compared to individuals with neither metabolic disorders nor
abdominal obesity. The importance of lifestyle modification should be acknowledged especially in cases
with a mild metabolic abnormality and/or abdominal obesity, who may contribute to approximately 20% of

the population burden of cardiovascular diseases.
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