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OBJECTIVE: To elucidate the association between vital capacity
and the presence of selected metabolic diseases in middle-aged
Japanese men.
METHODS: A cross-sectional analysis of the associations among
forced vital capacity (FVC), static vital capacity as a percentage of that
predicted (%VC) and the presence of metabolic diseases was performed.
RESULTS: In a univariate linear regression analysis, FVC and %VC
were inversely associated with poor vegetable intake, cigarette smoking
and body mass index, but not with physical activity or ethanol con-
sumption. In a logistic regression analysis adjusted for lifestyle factors,
body mass index and age, the odds ratios for the presence of meta-
bolic disease per 0.54 L (1 SD) decrease in FVC were 1.24 (95% CI
1.03 to 1.50) for type II diabetes, 1.21 (95% CI 1.02 to 1.42) for
hypertension, 1.34 (95% CI 1.11 to 1.63) for hypertriglyceridemia,
1.23 (95% CI 1.03 to 1.46) for high gamma-glutamyl transferase levels
and 1.63 (95% CI 1.10 to 2.41) for an episode of cardiovascular disease.
FVC did not correlate with hyperhomocysteinemia, hypercholes-
terolemia or high white blood cell count. Similar results were also
obtained for the association between %VC and metabolic diseases.
CONCLUSIONS: A decrease in FVC or %VC was associated with
the presence of some metabolic diseases. The association may partly
explain the reported association between low FVC and cardiovascular
disease.
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Capacité vitale et maladie métabolique chez
des Japonais d’âge moyen

OBJECTIF : Clarifier le lien entre la capacité vitale et la présence de
certaines maladies métaboliques chez des Japonais d’âge moyen.
MÉTHODES : Une analyse transversale des liens entre la capacité vitale
forcée (CVF), la capacité vitale statique, sous forme de pourcentage de la
valeur prévue (%CV), et la présence de certaines maladies métaboliques
a été effectuée.
RÉSULTATS : Dans une analyse de régression linéaire univariée, la CVF
et le %CV ont été en lien inversement proportionnel avec une consom-
mation faible de légumes, le tabagisme et l’indice de masse corporelle
(IMC), mais non avec la sédentarité ou la consommation d’alcool. Dans
une analyse de régression logistique ajustée pour tenir compte de facteurs
liés au mode de vie, à l’IMC et à l’âge, le risque relatif à l’égard de cer-
taines maladies métaboliques associé à chaque diminution de 0,54 L (1 É.-T.)
de CVF a été respectivement de 1,24 (IC 95 % 1,03 à 1,50) pour le
diabète de type II, de 1,21 (IC 95 % 1,02 à 1,42) pour l’hypertension, de
1,34 (IC 95 % 1,11 à 1,63) pour l’hypertriglycéridémie, de 1,23 (IC 95 %
1,03 à 1,46) pour la hausse des taux de gamma-glutamyl-transférase et de
1,63 (IC 95 % 1,10 à 2,41) pour un épisode de maladie cardiovasculaire.
La CVF n’était pas en corrélation avec l’hyperhomocystéinémie, l’hyper-
cholestérolémie ou la hausse de la formule leucocytaire. Des résultats simi-
laires ont été obtenus pour ce qui est du lien entre le %CV et les maladies
métaboliques.
CONCLUSIONS : Une baisse de la CVF ou du %CV a été associée à
la présence de certaines maladies métaboliques. Cette observation pour-
rait en partie expliquer le lien entre la baisse de la CVF et la maladie
cardiovasculaire.

Decreased forced vital capacity (FVC) is associated with
increased mortality (1). Low levels of FVC or static vital

capacity (VC) predict myocardial infarction independently of
heavy smoking, productive cough, exertional dyspnea and car-
diac enlargement (2,3). A longitudinal study (4) has shown
that VC inversely correlates with leg and carotid atherosclerosis.
These associations may be explained by the relationship between
FVC or VC and metabolic diseases or factors, including diabetes
(5-7), hypertension (8,9), triglyceride levels (6,10,11), gamma
(γ)-glutamyl transferase levels (12,13) and markers of inflamma-
tion such as white blood cell (WBC) count (14), at least in part.
However, the association between metabolic disease and FVC
or VC has not been well elucidated in an Asian population. It
is not known whether total homocysteine, an independent risk
factor for cardiovascular disease (15), correlates with FVC

or VC. In the present study, we analyzed the associations among
FVC, VC as a percentage of that predicted (%VC) and the
presence of selected metabolic disorders in middle-aged
Japanese men who belong to the Japan Self-Defense Forces.

METHODS
Men (n=954) who underwent retirement medical checkups were
studied. Of 1000 men who had undergone a retirement medical
checkup from July 1999 to December 2000, 974 men agreed to
participate in the study. Twenty of these men were excluded
because of missing data. Thus, a total of 954 men were examined.
Only men were studied because the proportion of women was less
than 1% in the setting.

Serum total cholesterol, triglycerides and γ-glutamyl transferase
levels, as well as fasting plasma glucose levels, were measured.
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An oral 75 g glucose tolerance test was performed. For the meas-
urement of total homocysteine, fasting blood samples were col-
lected in an EDTA tube in the morning, and the plasma was
separated within 1 h after sample collection and stored at –80°C.
Plasma total homocysteine was measured by using a fluorescence
polarization immunoassay kit (Abbott IMx Homocysteine,
Abbott Laboratories, USA) (16). Body mass index was calcu-
lated. VC and FVC were measured with an electronic spirometer
(FUDAC-70, Fukuda Denshi Co Ltd, Japan). Predicted values of
VC were obtained from linear regression analysis of age and
height (17): 

Predicted VC for men = (27.63 – 0.112 × age [years]) ×

height (cm)

Information about cigarette smoking status and daily number
of cigarettes smoked, as well as physical activity, ethanol con-
sumption, vegetable intake and medical history, including
episodes of cardiovascular disease, was obtained from a self-
administered questionnaire. The participant’s habit of cigarette
smoking was categorized as current smoking, ex-smoking or life-
long nonsmoking. Current physical activity was presented as the
average weekly frequency of exercise causing sweating. Current
ethanol consumption (millilitres of ethanol per day) was calculated
from the consumption volume of each type of alcoholic beverage.
Current vegetable intake was classified into four categories: very
rich intake, rich intake, common intake and poor intake. Each
category was given a score of 4, 3, 2 or 1, respectively, which was
designated as the vegetable intake score. Plasma folate, which is
found in rich concentrations in vegetables and is regarded as a bio-
marker of vegetable intake (18), was measured with a chemilumi-
nescent kit (Bayer HealthCare LLC, USA). The vegetable intake
score was inversely associated with plasma levels of folate (found
in vegetables) in the population studied (standard regression coef-
ficient = 0.082; P=0.011).

Hypercholesterolemia was defined as a serum total cholesterol
concentration of more than 5.69 mmol/L or receiving medication
for hypercholesterolemia. Hypertriglyceridemia was defined as a
serum triglyceride concentration of more than 2.24 mmol/L or
receiving medication for hypertriglyceridemia. A peripheral WBC
count of 6.9×109/L or more (upper 20th percentile of the studied
population) was defined as a high WBC count. Type II diabetes

was diagnosed based on the criteria of the World Health
Organization (19). Persons who showed a ‘diabetic pattern’ in the
tolerance test had diabetes diagnosed. The status of diabetes was
determined by the self-reporting of physician-diagnosed diabetes
or by an oral 75 g glucose tolerance test. No participants were sub-
ject to insulin therapy at the time of admission. Cut-off levels of
plasma total homocysteine and serum γ-glutamyl transferase were
14 µmol/L (15) and 70 U/L, respectively. Hypertension was diag-
nosed based on individual medical history or having received med-
ication for hypertension (blood pressure of at least 140/90 mmHg)
based on the criteria of the Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure (20). Blood pressure was measured with a
mercury sphygmomanometer after the participant had been at rest
in a sitting position. The participants gave informed consent. The
study protocol was approved by the Ethics Committee of the
Self-Defense Forces Central Hospital, Tokyo, Japan.

A linear regression analysis was performed with FVC or
%VC as the dependent variable, and with lifestyle factors and
metabolic parameters as the independent variables. A logistic
regression analysis was also performed to obtain odds ratio per
0.54 L (1 SD) decrease in FVC or per 13% (1 SD) decrease in
%VC for the presence of the selected metabolic disorders.
Statistical analysis was performed using StatView version 5.0
(SAS Institute, USA).

RESULTS
Characteristics of the study population are shown in Table 1.
Of lifestyle factors studied, vegetable intake was positively
associated with FVC and %VC (Table 2). The daily number of
cigarettes smoked and body mass index were inversely associ-
ated with FVC and %VC. Neither frequency of sweating exer-
cise nor daily ethanol consumption was associated with FVC
or %VC.
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TABLE 1
Characteristics of the study population (n=954)

Age, years* 52.9±1.0

Current smokers, % 46.0

Body mass index, kg/m2 23.6±2.4

Forced vital capacity, L 4.13±0.54

Percentage of predicted static vital capacity, % 115±13

Prevalence of disorders, %

Type II diabetes 14.7

Hypertension 21.3

Hyperhomocysteinemia 6.4

Hypertriglyceridemia 15.4

High gamma-glutamyl transferase 20.2

Hypercholesterolemia 41.4

High white blood cell count 19.6

Episode of cardiovascular disease 3.2

Data are expressed as means ± SD, unless otherwise indicated. *Range
51 to 59 years of age (935 of 954 participants were 52 to 55 years of age)

TABLE 2
Linear regression analysis of the relationship between
forced vital capacity (FVC) and percentage of predicted
vital capacity (%VC) and age, lifestyle factors and
metabolic parameters among all participants irrespective
of smoking status (n=954)

FVC %VC

ββ P ββ P

Age 0.038 0.244 0.097 0.003

Lifestyle factors

Frequency of sweating exercise per week 0.037 0.256 0.047 0.144

Ethanol consumption per day 0.042 0.200 0.040 0.219

Vegetable intake score 0.064 0.049 0.075 0.020

Number of cigarettes smoked per day –0.105 0.001 –0.114 <0.001

Body mass index –0.100 0.002 –0.074 0.022

Metabolic parameters*

Fasting plasma glucose –0.051 0.123 –0.067 0.039

Systolic blood pressure –0.079 0.022 –0.089 0.009

Total homocysteine 0.031 0.335 0.021 0.517

Triglyceride –0.114 0.001 –0.096 0.006

Gamma-glutamyl transferase –0.021 0.517 –0.038 0.253

Total cholesterol –0.010 0.769 –0.002 0.943

White blood cell count –0.139 <0.001 –0.144 <0.001

*Analysis of metabolic parameters was adjusted for age, physical activity, daily
ethanol consumption, vegetable consumption, daily number of cigarettes
smoked and body mass index. β Standard regression coefficient
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With regard to metabolic parameters, systolic blood pres-
sure, triglyceride levels and WBC count, but not total homo-
cysteine, γ-glutamyl transferase or total cholesterol levels,
correlated with FVC and %VC in a linear regression analysis
model adjusted for physical activity, daily ethanol consump-
tion, vegetable consumption, cigarette smoking, body mass
index and age. Fasting plasma glucose levels correlated with
%VC but not with FVC.

In a logistic regression analysis model adjusted for the above-
mentioned lifestyle factors, as well as body mass index and age,
a decrease of 1 SD of FVC (0.54 L) or a decrease of 1 SD of
%VC (13%) was associated with the presence of type II dia-
betes, hypertension, hypertriglyceridemia, high γ-glutamyl
transferase levels and having had an episode of cardiovascular
disease, but not with the presence of hyperhomocysteinemia,
hypercholesterolemia or a high WBC count (Table 3).

A stratified analysis was performed among lifelong non-
smokers (n=201) to lessen the possible effect of cigarette
smoking (Table 4). From the stratification, the odds ratio per
0.54 L decrease in FVC or per 13% decrease in %VC for type II
diabetes, hypertension and hypertriglyceridemia, but not for
high γ-glutamyl transferase levels, increased. The association
became not significant for hypertension or high γ-glutamyl
transferase levels after the stratification.

DISCUSSION
It has been shown that FVC and VC predict future develop-
ment of arterial atherosclerosis (21), diabetes and insulin

resistance (5-7,22-24), and hypertension (8,9). In baseline
cross-sectional studies (6,10), triglyceride concentrations have
been shown to inversely correlate with FVC or VC.
Consistent with these previous reports, the present study
showed that both FVC and %VC were inversely associated
with the presence of type II diabetes, hypertriglyceridemia and
hypertension (Table 3).

The mechanism of the association is not clear, although
lifestyle factors may contribute to it. Cigarette smoking (10),
physical inactivity (25), poor vegetable intake (26), ethanol
consumption (11) and obesity are known to inversely correlate
with FVC and %VC. In the present study, however, the associ-
ation between metabolic diseases and VC was independent of
these lifestyle factors and body mass index (Table 3).

Another possible mechanism of the association is insulin
resistance (6,10). Waist to hip circumference ratio, which is
known to correlate with insulin resistance, has been shown to
correlate with FVC independently of body mass index
(27,28). Obesity, diabetes and hypertension, which are also
known to correlate with insulin resistance, inversely correlated
with FVC and %VC in the present study, as reported by others
(5-9,29). It has also been shown that a decrease in FVC or
%VC correlates with insulin resistance (6,23,24). However,
insulin resistance may not be the cause of decreased VC
because it has been shown that a decrease in VC precedes
insulin resistance (23). In this context, it is speculated that
early-life factors can affect lung growth and also program
insulin resistance (6,24).

Vital capacity and metabolic disease
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TABLE 4
Odds ratios for the presence of metabolic disease per 0.54 L (1 SD) decrease in forced vital capacity (FVC) and per 13%
(1 SD) decrease in percentage of predicted vital capacity (%VC) for the presence of metabolic disease among lifelong
nonsmokers (n=201)

OR (95% CI) OR (95% CI)
Metabolic disease per 0.54 L decrease in FVC P per 13% decrease in %VC P

Type II diabetes 1.94 (1.12–3.35) 0.018 2.03 (1.19–3.46) 0.009

Hypertension 1.39 (0.91–2.10) 0.125 1.33 (0.89–1.98) 0.165

Hyperhomocysteinemia 1.15 (0.46–2.85) 0.771 0.96 (0.68–1.35) 0.797

Hypertriglyceridemia 1.82 (1.11–2.98) 0.018 1.73 (1.08–2.78) 0.023

High gamma-glutamyl transferase levels 1.27 (0.84–1.91) 0.252 1.19 (0.80–1.77) 0.380

Hypercholesterolemia 1.30 (0.95–1.79) 0.100 1.18 (0.87–1.59) 0.289

High white blood cell count 1.93 (0.97–3.85) 0.062 2.04 (1.06–3.96) 0.034

Episode of cardiovascular disease 0.78 (0.29–2.13) 0.626 0.70 (0.27–1.82) 0.468

Analysis was adjusted for age, physical activity, daily ethanol consumption, vegetable consumption and body mass index

TABLE 3
Odds ratios for the presence of metabolic disease per 0.54 L (1 SD) decrease in forced vital capacity (FVC) and per 13%
(1 SD) decrease in percentage of predicted vital capacity (%VC) for the presence of metabolic disease among all
participants irrespective of smoking status (n=954)

OR (95% CI) OR (95% CI)
Metabolic disease per 0.54 L decrease in FVC P per 13% decrease in %VC P

Type II diabetes 1.24 (1.03–1.50) 0.025 1.27 (1.06–1.53) 0.010

Hypertension 1.21 (1.02–1.42) 0.027 1.20 (1.03–1.41) 0.023

Hyperhomocysteinemia 0.88 (0.68–1.14) 0.329 0.89 (0.69–1.15) 0.364

Hypertriglyceridemia 1.34 (1.11–1.63) 0.003 1.29 (1.08–1.56) 0.006

High gamma-glutamyl transferase levels 1.23 (1.03–1.46) 0.021 1.22 (1.03–1.44) 0.021

Hypercholesterolemia 1.06 (0.93–1.21) 0.411 1.02 (0.90–1.16) 0.731

High white blood cell count 1.13 (0.94–1.35) 0.201 1.16 (0.97–1.38) 0.110

Episode of cardiovascular disease 1.63 (1.10–2.41) 0.016 1.52 (1.05–2.20) 0.027

Analysis was adjusted for age, physical activity, daily ethanol consumption, vegetable consumption, daily number of cigarettes smoked and body mass index
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Serum γ-glutamyl transferase activity, a marker of oxidative
stress (13,30) and also a risk factor for cardiovascular disease
(12), predicts cardiovascular disease (12) and diabetes (31). In
the present study, high γ-glutamyl transferase levels were
inversely associated with FVC and %VC. Although the associ-
ation between FVC and γ-glutamyl transferase levels has previ-
ously been reported, the activity of the enzyme is regarded as a
marker of ethanol consumption in that report (11). Thus, as
far as we know, the present report is the first to show that
γ-glutamyl transferase levels correlate with FVC or %VC
independently of ethanol consumption. Because total homo-
cysteine did not correlate with FVC or %VC, total homocys-
teine does not seem to mediate the association between lung
function and cardiovascular disease.

CONCLUSIONS
Decreased FVC and %VC was associated with the presence of
type II diabetes, hypertension, hypertriglyceridemia and high
γ-glutamyl transferase levels in middle-aged Japanese men.
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