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Abstract

Background: Since body composition in Asian populations is largely different from Western populations,
a healthy BMI could also differ. Thus, further study is needed to determine if a healthy BMI in Asians
should be lower than Western populations, as recommended by the World Health Organization (WHO).
Methods: We investigated the relationship between BMI and mortality in a sample of 8924 Japanese
male and female without stroke or heart disease.

Results: During 19 years of follow-up, 1718 deaths were observed. We found a U-shaped relationship
between BMI and fatal events. Risk of total mortality was highest in participants with BMI < 18.5
kg/m2 and lowest in participants with BMI 23.0-24.9 kg/m2. These findings persisted after excluding
the first 5 years of follow-up with a focus on healthy participants who never smoked, were aged <70
years, and had total cholesterol levels >4.1 mmol/L. (N=3712). For both the full sample and healthy
participants, all-cause mortality risk did not differ between BMI ranges from 21.0-22.9 and 23.0-24.9
kg/m2.

Conclusion: Our findings do not support the recent WHO implications that BMI's < 23.0 kg/m2 is
healthy for Asians. Further studies are needed to identify an optimal BMI range for Asia.

Word counts: 195 words.

Key words, body mass index, cardiovascular diseases, mortality, prospective studies, Japan

INTRODUCTION

Body composition in Asia is different from Western populations. Some reports have indicated that
Asian populations tend to have a higher ratio of body fat at any given body mass index (BMI) (1, 2).
Furthermore, recent studies have suggested that the area of visceral fat is wider among Japanese than
in Western individuals with a similar girth (3). Thus, whether it is appropriate to apply Western
guidelines to define obesity in Asian populations is uncertain. The World Health Organization (WHO)
recommends that optimal BMI should be lower in Asian versus Western populations (4).

On the other hand, several prospective studies conducted in Japan and in other Asian countries have
suggested that not only obese, but also underweight individuals have a high risk of all-cause mortality
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(5-9). Several explanations have been proposed to explain how being underweight is associated with
all-cause mortality, such as (1) the effect of heavy smoking on weight loss (5, 10-12); (2) the effect of age
(older participants are relatively leaner than those who are middle-aged) (10, 12, 13) (3) total
chaolesterol (TC) is lower in leaner individuals and low TC affects hemorrhagic stroke, cancer and liver
diseases (14-17); (4) weight loss is often associated with subclinical diseases (5-15, 17, 18).

To diminish the impact of these effects on the relationship between BMI and mortality and to
understand whether or not Japanese should have a lower optimal BMI than Westerners as proposed by
the WHO, we examined the association between BMI and death from all causes and from cardiovascular
disease (CVD) in a restricted sample of healthy Japanese individuals who were <70 years in age, who
had never smoked, whose total cholesterol (TC) levels were not particularly low, and who survived for at
least b years. To our knowledge, the association between BMI and mortality in such a restricted
healthy sample has not been described.

MATERTALS AND METHODS

The subjects in this cohort study were participants in the Japanese National Cardiovascular Survey
of 1980, which was conducted together with the annual National Nutrition Survey that uses a similar
methodology and questionnaire. The standardized procedures used in this survey have been described
elsewhere (14, 15). All household members aged 30 years or older (up to 92 years) (N = 13,771) were
surveyved in 300 randomly selected census tracts throughout Japan.

A total of 10,646 individuals (76.6 percent of 13,771) aged 30 years or older completed the 1980
baseline examination (NIPPON DATABS0) (14, 15). Among these, we excluded 2 individuals for whom
information about height was not available, 755 participants with a history of CVD, 16 who did not have
complete information about confounding factors, and 849 participants who could not be followed up
because of incomplete residential access information after the first survey. Consequently, we analyzed
8,924 participants (3,969 male and 4,955 female).

As previously reported (14, 15), we identified the participants who had died by computer matching
data from Japanese National Vital Statistics records, using area, gender, date of birth, and death as key
codes. We obtained permission to use the National Vital Statistics records from the Management and
Coordination Agency of the Government of Japan. Approval was further granted from the
Institutional Review Board of Shiga University of Medical Science (Nos, 12-18, 2000).

To examine the relationship between BMI and death due to all causes and CVD, participants were
divided into seven BMI categories: BMI <18.5 kg/m2, 18.5:20.9 kg/m2, 21.0-22.9 kg/m2, 23.0-24.9 kg/m2,
25.0-26.9 kg/m2, 27.0-29.9 kg/m2, and >30 kg/m2. The distributions of baseline characteristics across
BMI groups were gender and age-adjusted using analysis of covariance and logistic regression.

We estimated the relative hazards (RH) and the 95% confidence intervals (CI) for all-cause and CVD
mortality between the BMI strata using the Cox proportional hazards regression model. There were
no apparent reasons to suggest that the proportionality assumption was inappropriate, We regarded the
group with BMI 23.0-24.9 kg/m2 as a reference. For the entire cohort, we used 2 models to estimate
the RH: (1) adjusted for age, gender, smoking, and alcohol consumption, and (2) adjusted for the same
factors, plus systolic BP, use of antihypertensive medication, TC, and diabetes. Diabetes was defined
as a non-fasting glucose value > 11.1 mmol/L (>200 mg/dL) or a self-reported history of diabetes (19).

To diminish the effects of confounding due to age, smoking, TC, and pre- or co-existing disease on
mortality, we analyzed the data after removing the first 5 years of follow-up among those who had never
smoked, who were aged <70 years, and who had TC >4.1 mmol/L (15). All p-values were based on a
2-sided level of significance. Data were analyzed using SAS software (version 9.1).

RESULTS

Table 1 shows the age- and gender-adjusted relationship between BMI and several CVD risk factors.
Systolic BP, diastolic BP, and TC were increased with increasing BMI. Similarly, adjusted percentages
for antihypertensive medication or having diabetes also increased with increasing BMI. In contrast,
the age-adjusted percent of current smokers declined as BMI increased. These findings were similar in
both males and females (data not shown).

After 19 years of follow-up, there were 1,718 deaths, among which 607 were due to CVD. Because of
the limited number of obese individuals, we combined BMI: 27.0-29.9 kg/m2 and BMI =30 kg/m2 into
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one group for the following analyses.

Figure 1A shows the RH of all:cause mortality across the BMI groups, in which a U-shaped
relationship between BMI and fatal events is apparent after adjusting for age, gender, smoking, and
alcohol consumption status (Model 1). The RH for all-cause mortality was higher in the underweight
(Model 1, RH=1.39; 95%CI=1.16"1.67), compared with the reference group. Adjustment for BP,
antihypertensive medication, TC, and diabetes did not alter this finding (data not shown). The RH for
all-cause and CVD mortality (Figure 1 (B)) was the lowest in the participants with BMI between 23 and
25 kg/m2. Since the relationship between BMI and all-cause and CVD mortality was similar between
male and female (data not shown), we analyzed male and female together in the following analyses.

Figure 1 also shows the results after excluding the first 5 years of follow-up and restricting the
sample to those who never smoked, were aged <70 years, and whose TC level was >4.1 mmol/L. Risk
for both all-cause (Figure 1 (C)) and CVD mortality (Figure 1 (D)) was not attenuated in underweight
individuals. The risk increased in participants with BMI >25 kg/m2 and seemed more apparent in this
restricted sample of healthy participants than in the entire population. For all-cause mortality, even
in this restricted sample of healthy participants, those with BMI between 23 and 25 kg/m2 had the
lowest risk of all-cause mortality. The risk of death due to CVD was also similar in this group to that of
the group whose BMI was between 21 and 22.9 kg/m2,

DISCUSSION

The results of the present study show that the lowest relative risk for all-cause mortality was
associated with a BMI between 23.0 to 24.9 kg/m2. This range was also unchanged when analyses
were limited to participants who had never smoked, were aged <70 years, had TC =4.1 mmol/L, and
who could be followed up for at least b years.

Several factors might modify the relationship between BMI and all-cause mortality, especially for
lower BMI levels. The effect of weight loss due to smoking (5, 10-12), higher age (10, 12, 13), low TC
(14-16, 20), and subclinical conditions which can co-exist in underweight individuals (5-15, 17, 18) might
explain the higher mortality in lean participants. However, when we restricted our analyses to
participants younger than 70 years, who never smoked, had TC >4.1 mmol/L, and who could be followed
up for at least 5 years, the relationship between higher all-cause mortality and being underweight
persisted. The data also show that those with a BMI between 23 and 25 kg/m2 in this restricted
sample of healthy individuals had the lowest risk of all-cause mortality. Thus, we conclude that higher
mortality among lean participants can not be fully explained by the above mentioned factors. The
relationship between BMI and CVD mortality was also similar to associations with all-cause mortality.
This was consistent with a recent study of Korean men and women who did not have self-reported
atherosclerotic CVD, cancer, liver disease, diabetes, or respiratory diseases at baseline (5),

Since the WHO defines a healthy BMI as <23 kg/m2 in Asian individuals (4), data regarding optimal
BMI for all-cause mortality in Asia is of interest. For Western populations, a healthy BMI is defined as
<25 kg/m2. Our study does not support the notion that a lower BMI cut-off value in Asian versus
Western populations is warranted because all-cause mortality risk does not appear to differ between
BMI ranges from 18.5-22.9 and 23.0-24.9 kg/m2.. Findings further suggest that risk of death may be
highest in individuals with a BMI <18.5 kg/m2, even for those who fell in our restricted healthy sample.
We believe that additional studies are needed to properly identify an optimal BMI range for Asian
populations that is associated with maximum longevity.
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Figure legend

Figure 1.
Relationship of body mass index (BMI) with death from all causes and cardiovascular disease (CVD) in
the unrestricted and restricted sample of healthy individuals.

(A) Relationship between BMI categories and all cause mortality in the unrestricted sample.

(B) Relationship between BMI categories and CVD mortality in the unrestricted sample.

(C) Relationship between BMI categories and all cause mortality in the restricted sample of healthy
individuals,

(D) Relationship between BMI categories and all cause mortality in the restricted sample of healthy
individuals,

RH: relative hazards are adjusted for age, gender, smoking (never, past, current; 1-20, 21-40, or 41+-
cigarettes per day), and alcohol consumption (never, past, occasional and daily). The BMI range from
=23 to <25 kg/m?2 is used as a reference for comparison with other BMI strata.

Diamonds and numbers above diamonds represented RH.

Bars represent 95% confidence intervals for the corresponding RH.

The restricted sample of a healthy individuals is defined as participants who had never smoked, were
aged <70 years, had TC 4.1 mmol/L, and who could be followed up for more than 5 years.
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Abstract

Aim: Little is known about the prognostic value of q wave abnormality for cardiovascular disease (CVD) in resting
electrocardiogram (ECG) of Japanese general population with extremely low incidence of myocardial infarction,
Methods: We followed 8,339 participants without past and present history of CVD for 19 years. The
multivariate-adjusted hazard ratio (HR) of q wave abnormality for CVD mortality was estimated by the Cox
proportional hazards model.

Results: The multivariate-adjusted HR of composite findings of moderate or severe q wave abnormality was 1.75
(95% confidence interval (CI):0.97-3.17) for mortality due to CVD and 2.97 (95%CI: 1.43-6.16) due to heart diseases.
The multivariate-adjusted HR of mild abnormality for mortality from heart diseases was 1.95 (95%CI: 1.00—3.81).
The relationship between moderate and severe abnormalities and mortality from CVD was unchanged when the
participants with ST-T changes and high amplitude R waves were excluded and when the participants were divided
by the presence of major CVD risk factors such as hypertension. Q wave abnormality was not associated with the risk
of stroke.

Conclusion: Moderate or severe q wave abnormalities are prominent and important predictor for mortality due to
CVD and heart disease in Japanese general population without CVD history.

Key words: hazard ratio, cardiovascular diseases, heart diseases, cohort study

Running title: Prognostic value of q wave for CVD mortality

Introduction

The resting electrocardiogram (ECG) abnormalities such as q or ST-T wave abnormality classified by Minnesota
code (MC) have consistently been associated with an increased risk of all cause mortality and CVD death, with most
studies reporting a doubled relative risk ',

Q wave in resting ECG is considered as a sign of old myocardial infarction®, Previous studies assessed the risk of q
wave abnormality among the general population '**°, however, little is known about the prevalence or prognostic
value of ¢ wave abnormality in the non-Western general population such as Japanese with extremely low incidence of
myocardial infarction.

In the previous studies performed in the community, abnormality of g, ST, and T wave, left bundle branch block
(LBBB) and high amplitude R waves were categorized into major or minor abnormalities to assess the risk for CVD
or coronary heart disease (CHD) ™, and only a few study assessed q wave abnormality by grade of MC respectively
1%, The assessment of q wave by grade is necessary to determine whether even a small q wave of the individual in the
community without history of cardiac event would be a predictor for CVD. Moreover, a question remains whether the
risk of g wave abnormality on CVD and its subtypes are independent from ST-T abnormality and high amplitude R
waves or not.

To investigate the independent prognostic value of g wave for mortality due to CVD and its subtypes, we analyzed
the data from 19-year prospective study of 8,339 Japanese citizens free from CVD history at baseline.

— 197 —



Subjects and Methods

Study participants

We used data from the National Integrated Project for Prospective Observation of Non-communicable Diseases and
its Trends in the Aged, 1980 (NIPPON DATAS80). Details of the study have been described elsewhere *'. In this
survey, 300 areas were selected by stratified random sampling based on the national census in 1975. All residents
aged 30 years or older in these areas were enrolled, and a total of 10,546 people participated in the survey (response
rate: 76.6%). Accordingly, these participants were considered to be reasonably representative of the Japanese
population.

In this study, we enrolled 8,339 participants (3,694 male and 4,645 female) who were free from CVD history, atrial
fibrillation (Minnesota Code (MC),8-3), Wolff-Parkinson-White syndrome (MC, 6-4-1), and complete LBBB (MC,
7-1).

Case identification

To determine causes of death after 19 years follow up, we used the National Vital Statistics database of Japan with
permission of the Management and Coordination Agency, Government of Japan. The underlying causes of death were
coded according to the 9 International Classification of Discase (ICD-9) through the end of 1994 and the 10
International Classification of Disease (ICD-10) from the beginning of 1995. The details of the disease classification
in the present study was previously reported '*'", and the name of the diseases according to the classification of
ICD-9 and -10 are shown in Table-1. CVD (ICD 9 code: 393 to 459), stroke (ICD 9 code: 430 to 438), and heart
disease (ICD 9 code: 393 to 398, 410 to 414, 415 10 429) were identified. Approval for this study was obtained from
the Institutional Review Board of Shiga University of Medical Science (No. 12-18, 2000).

Baseline examination

Information on history of CVD, diabetes, medication for hypertension, and the habits of smoking and drinking
were obtained from interviews by public health nurses. Blood pressure was measured after five minutes’ rest by
trained public health nurses at each public health center using a standard mercury sphygmomanometer. Serum total
cholesterol levels were determined in a laboratory (Osaka Medical Center for Health Science and Promotion) under
the quality control program of the Center for Disease Control and Prevention in the United States '®. Casual glucose
concentration was measured by the cupric-neocuproine method '. Original glucose values obtained by the
cupric-neocuproine method were converted to those of the glucose-oxidase method, which is currently the standard,
by use of an equation reported by the same laboratory

A standard 12-lead ECG was recorded in the supine position. Each ECG was coded independently by two
researchers according to the Minnesota Code, which was developed to document significant ECG pattern change
using objective comparison rules *'. Codes in agreement were accepted, whereas codes in disagreement were
adjusted by a panel of epidemiologists and cardiologists'®. Participants were divided into three categories according
to q wave abnormality grade as follows: q wave normal, mild q wave abnormality (MC, 1-3), and moderate or
severe abnormality (MC, 1-1 and 1-2). Moderate and severe abnormalities were included in one group because the
number of participants with moderate or severe abnormality was small.

Diagnosis for the presence of hypertension was systolic blood pressure > 140 mmHg or diastolic blood pressure >
90 mmHg or current medication for hypertension *.  Because the most of the participants were not fasted when the
baseline survey was conducted, we defined hyperglycemia as casual glucose level = 140 mg/dl or the presence of
history of diabetes mellitus™. Diagnosis for the presence of hyperlipidemia was defined as serum total cholesterol >
200 mg/d1 *,

Statistical Analysis

To compare baseline characteristics between the participants with and without q wave abnormality, we used
analysis of variance or the chi-square test. Age-adjustment was performed by analysis of covariance for continuous
variables.

We used the Cox proportional hazards model for estimating the hazard ratios (HR) of the presence of q wave
abnormality for CVD mortality and its subtypes (stroke or heart disease). In the model, we included age at study
entry, sex, body mass index (BMI), systolic blood pressure, serum total cholesterol, smoking (current or
non-current), alcohol drinking (current or non-current), and the presence of hyperglycemia as confounding factors.

Further analysis was performed after exclusion for ST depression (MC, 4-1 to 4-4), T wave abnormality (MC, -1
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to 5-4), and high amplitude R waves (MC, 3-1 to 3-3) from the source population®**,
When we divided the participants according to the presence of hypertension, hyperglycemia, and hyperlipidemia,
similar analysis was performed.

Results

Baseline Characteristics

The baseline characteristics of the participants with and without q wave abnormality for both sexes are shown in
Table 2. The number of study participants with mild q wave abnormality comprised 62 (1.7 %) men and 46 (1.0 %)
women. The number of study participants with moderate or severe q wave abnormality comprised 23 (0.6 %) men
(moderate: 14, severe: 9) and 13 (0.3 %) women (moderate: 10, severe: 3), Age and the percentages of the presence
of history of diabetes and hyperglycemia were significantly higher in those with q wave abnormality for both sexes.
Systolic blood pressure, the percentages of hypertension and medication for hypertension, and serum total
cholesterol were higher in those with ¢ wave abnormality in men. Casual glucose level was higher in those with q
wave abnormality in women. Although age-adjustment slightly attenuated these relations, most relations remained
statistically significant.

Risk of q wave abnormality for CVD mortality and its subtypes

There were 1578 deaths among all of the participants, including 544 deaths due to CVD, 257 deaths due to all
stroke and 257 deaths due to heart diseases.

Table 3 shows age-adjusted and multivariate-adjusted HRs for CVD death and cause-specific mortality. On the
whole, the age-adjusted and multivariate- adjusted HRs were almost the same as death from CVD and its subtypes.
Among the participants with moderate or severe q wave abnormality, the multivariate-adjusted HR for CVD death
compared to those without q wave abnormality was 1.79 (95%CI: 0.87-3.65) in men and 1.69 (95%CI: 0.54-5.29) in
women. Since there was no apparent interaction between sex for CVD mortality or its subtypes, we combined men
and women, For overall participants, the HR of moderate or severe q wave abnormality was 1.75 (95%CI:
0.97-3.17) for death due to CVD, 0.48 (95%CI: 0.12-2.00) due to stroke, 2.97 (95%CI: 1.43-6.16) due to heart
diseases.

The multivariate-adjusted HR of the participants with mild q wave abnormality for CVD death compared to those
without q wave abnormality was 1.27 (95%CI: 0.60-2.71) in men and 1.87 (95%CI: 0.92-3.80) in women. For
overall participants, the HR of mild q wave abnormality was 1.50 (95%CI: 0.90-2.51) for death due to CVD, 1.05
(95%CI: 0.43-2.56) due to stroke, 1.95 (95%CI: 1.00-3.81) due to heart diseases.

For all-cause mortality, the multivariate-adjusted HRs of moderate or severe q wave abnormality and mild q wave
abnormality were 1.62 (95%CI: 1.05-2.50), and 1.28 (95%CI: 0.92-1.80) respectively.

After we additionally excluded the participants with complete A-V block (MC, 6-1), right bundle branch block
(MC, 7-2), and persistent ventricular rhythm (MC, 8-2), the HRs and 95%Cls of moderate and severe q wave
abnormality was 1.87 (95%CI: 1.03-3.38) for CVD monality, and 3.20 (95%Cl: 1.55-6.63) for heart discase
mortality. Similarly, the HRs of mild q wave abnormality for CVD and heart disease montality was 1.47 (95%CI:
0.86-2.51) and 1.82 (95%CI: 0.90-3.70), respectively.

Risk of q wave abnormality after exclusion of other ECG abnormalities

As shown in the Table 4, the multivariate-adjusted HRs of moderate or severe q wave abnormality for mortality
from CVD and heart diseases were significantly elevated even when the participants with ST depression, T wave
abnormality and high amplitude R waves were excluded. In the similar analysis, the multivariate-adjusted HRs of
mild q wave abnormality were almost the same, however, the relationship was not statistically significant.

Risk of q wave abnormality according to the presence of major CVD risk factors

Table S shows age-adjusted and multivariate-adjusted HRs for CVD death and heart disease montality according
to the g wave abnormality when the participants were divided by the presence of hypertension, hyperglycemia, and
hyperlipidemia, respectively. For mortality from stroke, we did not perform the further analysis because there was
no significant relationship between g wave abnormality and mortality from stroke after the multivariate adjustment
as shown in Table 3 and 4. Among most of these subgroups, the HRs of moderate or severe g wave abnormality for
mortality from CVD and heart diseases were significantly elevated, and those of mild abnormality were elevated
although the relationship did not reach to statistically significance.
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