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Abstract

Objectives A lower vital capacity (VC) has been reported

to be an independent predictor of diabetes in Western

countries. The aim of this study was to examine the rela-

tionships between VC and diabetes and between VC and

metabolic syndrome (MS) in Japanese individuals.

Methods Stepwise multiple linear regressions with fast-

ing glucose as a dependent variable and age, metabolic risk

factors, and percentage vital capacity (%VC) as indepen-

dent variables were performed using data obtained from

1651 men and 957 women. Area under the receiver oper-

ating characteristic curve (AUC) of -%VC for diagnosing

diabetes, MS, and Japanese MS (JMS) were calculated, and

stepwise logistic regressions using diabetes, MS, and JMS

as dependent variables were performed.

Results Percentage vital capacity was independently

associated with fasting glucose in men, but not in women.

The AUC of -%VC for diagnosing diabetes, MS, and JMS

were 0.647, 0.606, and 0.598, respectively (all p \ 0.0001)

in men and 0.639 (p = 0.065), 0.513 (p = 0.732), and

0.668 (p = 0.01), respectively, in women. Age, waist cir-

cumference (WC), and %VC in men and WC and %VC in

women were independently associated with diabetes. Age

and %VC in men and only age in women were indepen-

dently associated with MS, and age and %VC in both men

and women were independently associated with JMS.

Conclusions Among a representative Japanese popula-

tion, a lower VC was significantly associated with diabetes

and MS in men, but the relationships were not conclusive

in women.

Keywords Adipose tissue disease � C-reactive protein �
Diabetes � Metabolic syndrome � Vital capacity

Introduction

Metabolic syndrome (MS) or insulin resistance syndrome

predicts diabetes and cardiovascular disease, but the defi-

nition and the clinical usefulness of MS are controversial

[1–3]. Metabolic syndrome as a clustering of interrelated

metabolic risk factors may evolve through adipose tissue

disease [4] and may not only be restricted to a risk factor

for diabetes and cardiovascular disease but also related to

many other systemic disorders, such as chronic kidney

disease (CKD) [5, 6], chronic lung disease [7], and fatty

liver disease [8]. While a lower vital capacity (VC) has

been reported to be a predictor of the development of

insulin resistance or diabetes in Western countries [9–13],

there are few reports on the relationship between respira-

tory function and metabolic syndrome or diabetes in

the general Japanese population [14, 15]. In contrast to

impaired restrictive lung function, impaired obstructive

lung function is not associated with diabetes [12–16]. The

underlying mechanisms of the association between a lower

VC and diabetes are not known, but insulin resistance is

thought to play a role [9–13] and, recently, blood levels of

surfactant protein A (SP-A) have been reported to be

associated with insulin resistance [17]. SP-A, which is a

marker of interstitial lung injury, may be a possible link

between lower VC and insulin resistance. We have inves-

tigated a cross-sectional association between VC and MS

and between VC and diabetes in Japanese men and women.
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We adopted the revised National Cholesterol Education

Program (NCEP) criteria [2] as modified for Japanese [1]

for defining MS because the Japanese definition of MS

(JMS) [18] requires obesity as an inevitable component of

MS, and the NIPPON DATA 90 [19] has stated that this

concept is not compatible with the practice of preventive

medicine among Japanese.

Materials and methods

Subjects

Between 1 April and 31 October 2008, 1692 men and 987

women visited our medical check-up center to undergo

optional complete medical check-ups. All visitors to the

center were required to fill out a questionnaire made by

Ministry of Health, Labor, and Welfare for the purpose of

‘‘Special Health Examination and Instruction’’. This

questionnaire includes questions on cardiovascular disease

status, smoking status, antihypertensive and hypoglycemic

medication, and alcohol consumption. Based on the

answers, a number of individuals were consecutively

excluded from the study: (1) lack of signed consent (nine

men, 11 women); (2) lack of respiratory function data (nine

men, nine women); (3) serum levels of high-sensitivity

C-reactive protein (hs-CRP) [10 mg/L (20 men, nine

women); (4) missing percentage body fat data (three men,

one woman). The final study cohort consisted of 1651 men

[mean age ± standard deviation (SD) 51.5 ± 9.2] years

and 957 women (mean age ± SD 51.0 ± 10.0 years). The

occupations ranged from teacher, civil servant, office

worker, laborer, farmer, merchant, housekeeper, and

retiree. All resided in Nagaoka and Kashiwazaki Cities

and the neighboring agricultural district. The protocol for

the study was approved by the ethics committee of the

Tachikawa Medical Center, and signed informed consent

was obtained from each subject.

Measurements

After an overnight fast, blood samples were obtained to

measure serum levels of routine medical check-up markers:

glucose, triglycerides, high-density lipoprotein cholesterol

(HDLc), low-density lipoprotein cholesterol (LDLc),

hemoglobin A1c, uric acid, blood cell counts, electrolytes,

and liver and kidney function tests, including gamma

glutamyltransferase (GGT), alanine aminotransferase

(ALT), and hs-CRP. Chemical measurements were all

performed at BML Nagaoka (Nagaoka, Niigata, Japan)

except for hs-CRP, which was measured at BML General

Laboratory (Tokyo, Japan) with nephelometry using

N-latex CRP-2 (Siemens Healthcare Japan, Tokyo, Japan).

The measurement limit of hs-CRP was 0.02 mg/L, and the

value of hs-CRP less than the measurement limit was

considered to be 0.01 mg/L. Respiratory function tests,

including percentage vital capacity (%VC) and forced

expiratory volume in 1 s divided by forced vital capacity

(FVC) (FEV1/FVC) were performed with the Autospi-

rometer System 7 (Minato Medical Science, Osaka, Japan).

Percentage body fat was measured with bioelectrical

impedance analysis using TBF-210 (TANITA, Tokyo,

Japan). An average blood pressure was calculated from two

measurements with the subjects in a sitting position after

5 min of rest. Body weight was measured with the subjects

wearing a lightweight cloth provided by our center, and the

weight of the cloths was subtracted from the measured

body weight. Waist circumference (WC) was measured at

the level of the umbilicus. Body mass index (BMI) was

calculated as weight in kilograms divided by the square of

height in meters. Estimated glomerular filtration rate

(eGFR) was calculated as eGFR (mL/min/1.73 m2) =

194 9 creatinine-1.094 9 age-0.287 (men) and as 194 9

creatinine-1.094 9 age-0.287 9 0.739 in women in accor-

dance with the Japanese Society of Nephrology.

Definitions

An individual was defined as having diabetes when the

fasting glucose levels C126 mg/dL or when he/she was on

hypoglycemic medication. Metabolic syndrome was

defined in accordance with the revised NCEP criteria [2] as

three or more of the following five components: (1) WC, in

which the cut point was modified for Japanese individuals

to 90 cm for men and 80 cm for women, which is in line

with the recommendation of the International Diabetes

Federation [1]; (2) blood pressure, a systolic blood pressure

(SBP) C130 mmHg and/or a diastolic blood pressure

(DBP) C85 mmHg; (3) triglycerides, C150 mg/dL; (4)

HDLc, \40 mg/dL in men and \50 mg/dL in women; (5)

fasting glucose, C100 mg/dL. Subjects receiving antihy-

pertensive agents or hypoglycemic medication were con-

sidered to have the respective component. The JMS defined

by the Examination Committee for Criteria of Metabolic

Syndrome [18] was also examined. The criteria of JMS is a

visceral adipose tissue area C100 cm2 or a WC C85 in

men, C90 in women and two or more of the following three

components: (1) blood pressure, SBP C130 mmHg and/or

DBP C85 mmHg; (2) triglycerides C150 mg/dL and/or

HDLc \40 mg/dL; (3) and fasting glucose C110 mg/dL.

Statistical analysis

Baseline data were compared between subjects with MS

and those without MS. Stepwise multiple linear regressions

using fasting glucose as a dependent variable and age, WC,
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SBP, triglycerides, HDLc, hs-CRP, GGT, ALT, and %VC

as independent variables were performed. The area under

the receiver operating characteristic curve (AUC) of

-%VC, age, WC, BMI, and body fat % for diagnosing

diabetes, MS, and JMS were calculated. Stepwise logistic

regressions using diabetes as a dependent variable and age,

WC, SBP, triglycerides, HDLc, hs-CRP, GGT, ALT,

%VC, smoking status, and drinking status as initial inde-

pendent variables and using MS and JMS as dependent

variables and age, %VC, smoking status, and drinking

status as initial independent variables were performed. The

BMI, body fat %, and diastolic blood pressure were

excluded from initial independent variables to avoid mul-

ticollinearity. Statistical analyses were conducted with

SPSS-2 (SPSS, Chicago, IL). Means were compared with

two-sided t tests, and ratios were compared with chi-square

tests. p values \0.05 were considered to be statistically

significant.

Results

Baseline data among men are shown in Table 1 by MS or

non-MS. All MS-related risk factors other than HDLc were

significantly higher and HDLc was significantly lower in

MS than in non-MS subjects. Heart rate was significantly

higher and %VC and eGFR were significantly lower in MS

than in non-MS subjects. The frequency of JMS, diabetes,

Table 1 Baseline data in men by metabolic syndrome

Baseline characteristics of male study participants Non-MS, n = 1413 [mean (SD)] MS, n = 238 [mean (SD)] p

Age (years) 51.2 (9.3) 53.1 (8.4) 0.003

Body mass index (kg/m2) 22.7 (2.6) 26.7 (3.1) \0.0001

Body fat (%) 21.1 (4.5) 27.2 (4.6) \0.0001

Waist circumference (cm) 82.5 (7.1) 94.1 (6.8) \0.0001

Systolic blood pressure (mmHg) 120.1 (16.5) 134.1 (15.6) \0.0001

Diastolic blood pressure (mmHg) 76.5 (10.2) 84.2 (10.2) \0.0001

Fasting glucose (mg/dL) 93.7 (12.0) 107.4 (18.5) \0.0001

Triglycerides (mg/dL) 95 (70, 128)a 171 (138, 228)a \0.0001

HDL cholesterol (mg/dL) 59.3 (14.1) 47.1 (10.4) \0.0001

High-sensitivity CRP (mg/L) 0.27 (0.15, 0.53)a 0.62 (0.38, 1.27)a \0.0001

Gamma glutamyltransferase (U/L) 33 (23, 52)a 51 (35, 79)a \0.0001

Alanine aminotransferase (U/L) 21 (16, 28)a 30 (23, 44)a \0.0001

White blood cell count (L-6) 5438 (1435) 6242 (1494) \0.0001

LDL cholesterol (mg/dL) 119.0 (28.7) 127.1 (30.7) \0.0001

Uric acid (mg/dL) 6.1 (1.3) 6.6 (1.4) \0.0001

Hemoglobin A1c (%) 5.0 (0.5) 5.5 (0.7) \0.0001

Vital capacity (%) 96.3 (11.0) 92.4 (11.3) \0.0001

FEV1/FVC (%) 80.5 (6.0) 80.3 (6.0) ns

Heart rate (/min) 58.3 (8.8) 63.2 (9.5) \0.0001

eGFR (mL/min per 1.73 m2) 78.6 (12.7) 76.0 (14.0) 0.004

n (%) n (%) p

Antihypertensive medication 222 (15.7) 88 (37.0) \0.0001

Antidiabetic medication 35 (2.5) 29 (12.2) \0.0001

Current smoker 467 (33.0) 94 (39.5) \0.05

Everyday drinker 748 (52.8) 120 (50.4) ns

JMS 51 (3.6) 163 (68.5) \0.0001

Diabetes 54 (3.8) 40 (16.8) \0.0001

Cardiovascular disease 78 (5.5) 24 (10.1) \0.01

SD, Standard deviation; MS, metabolic syndrome defined by revised NCEP definition for Japanese; HDL, High-density lipoprotein; CRP,

C-reactive protein; LDL, low-density lipoprotein; FEV1/FVC, forced expiratory volume in 1 s divided by forced vital capacity; eGFR, estimated

glomerular filtration rate (eGFR = 194 9 creatinine-1.094 9 age-0.287 in men and 194 9 creatinine-1.094 9 age-0.287 9 0.739 in women);

JMS, Japanese metabolic syndrome defined by the Japanese committee
a Median (25 and 75 percentiles)
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and cardiovascular disease were significantly higher in MS

than in non-MS subjects. Basal data among women are

shown in Table 2 by MS or non-MS. All MS-related risk

factors other than HDLc were significantly higher and

HDLc was significantly lower in MS than in non-MS sub-

jects. Heart rate was significantly higher and eGFR was

significantly lower in MS than in non-MS subjects. But,

%VC was not significantly different between MS and non-

MS subjects. The frequency of JMS and diabetes were sig-

nificantly higher in MS than in non-MS subjects. But,

prevalence of cardiovascular disease was not significantly

different between MS and non-MS subjects. Table 3 shows

the final result of stepwise multivariable linear regression

analysis using fasting glucose as a dependent variable. %VC

was independently associated with fasting glucose in men,

but not in women. AUC of -%VC, age, waist circumference,

body mass index, and body fat % for diagnosing diabetes,

MS, and JMS were presented in Table 4 and ROC curves of

-%VC for diagnosing diabetes were shown in Fig. 1. The

AUC of -%VC for diagnosing diabetes, MS, and JMS were

0.647, 0.606, and 0.598, respectively (all p \ 0.0001) in

men and 0.639 (p = 0.065), 0.513 (p = 0.732), and 0.668

(p = 0.01), respectively, in women. The AUC of age, WC,

BMI, and body fat % for diagnosing diabetes were 0.668

(p \ 0.0001), 0.630 (p \ 0.0001), and 0.616 (p = 0.0002),

and 637 (p \ 0.0001), respectively, in men and 0.663

(p = 0.03), 0.736 (p = 0.002), 0.767 (p = 0.0004), and

0.723 (p = 0.003), respectively, in women. Table 5 shows

the final result of stepwise multivariable logistic regression

analysis with backward elimination method using diabetes,

MS and JMS as dependent variables. Age, WC, and %VC in

men and WC and %VC in women were independently

associated with diabetes. Age and %VC in men and only age

in women were independently associated with MS and age

Table 2 Baseline data in women by metabolic syndrome

Baseline characteristics of female study participants Non-MS, n = 894 [mean (SD)] MS, n = 63 [mean (SD)] p

Age (years) 50.6 (9.5) 56.7 (9.6) \0.0001

Body mass index (kg/m2) 21.4 (2.8) 25.8 (3.3) \0.0001

Body fat (%) 26.1 (5.4) 33.9 (5.8) \0.0001

Waist circumference (cm) 77.9 (8.1) 90.0 (7.8) \0.0001

Systolic blood pressure (mmHg) 110.0 (15.2) 131.3 (20.6) \0.0001

Diastolic blood pressure (mmHg) 68.8 (9.3) 81.1 (12.3) \0.0001

Fasting glucose (mg/dL) 88.0 (8.5) 104.4 (21.7) \0.0001

Triglycerides (mg/dL) 70 (54, 95)a 129 (90, 189)a \0.0001

HDL cholesterol (mg/dL) 68.1 (14.1) 51.9 (12.4) \0.0001

High-sensitivity CRP (mg/L) 0.20 (0.10, 0.38)a 0.50 (0.25, 0.90)a 0.0001

Gamma glutamyltransferase (U/L) 17 (13, 23)a 27 (18, 41)a \0.0001

Alanine aminotransferase (U/L) 15 (12, 19)a 22 (16, 31)a \0.0001

White blood cell count (L-6) 4795 (1263) 5379 (1113) \0.001

LDL cholesterol (mg/dL) 119.6 (28.3) 140.9 (29.2) \0.0001

Uric acid (mg/dL) 4.4 (0.9) 5.3 (1.2) \0.0001

Hemoglobin A1c (%) 5.0 (0.3) 5.5 (0.8) \0.0001

Vital capacity (%) 96.1 (11.4) 95.6 (15.0) ns

FEV1/FVC (%) 82.5 (5.6) 81.2 (5.4) ns

Heart rate (/min) 60.0 (7.9) 63.1 (9.6) 0.004

eGFR (mL/min/1.73 m2) 80.4 (13.1) 75.4 (13.0) 0.003

n (%) n (%) p

Antihypertensive medication 54 (6.0) 31 (49.2) \0.0001

Antidiabetic medication 4 (0.4) 7 (11.1) \0.0001

Current smoker 56 (6.3) 4 (6.3) ns

Everyday drinker 129 (14.4) 9 (14.3) ns

JMS 0 (0) 20 (31.7) \0.0001

Diabetes 6 (0.7) 9 (14.3) \0.0001

Cardiovascular disease 25 (2.8) 4 (6.3) ns

a Median (25 and 75 percentiles)
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and %VC in both men and women were independently

associated with JMS.

Discussion

Metabolic syndrom has been proposed as a constellation of

interrelated metabolic risk factors that appear to directly

promote the development of diabetes and cardiovascular

disease [1, 2]. The predominant underlying mechanisms of

MS appear to be insulin resistance [20], leptin resistance

[21, 22], obesity [1], inflammation [23], endothelial dys-

function [24], and autonomic dysfunction [21]. However,

in 2005, the American Diabetes Association and the

European Association for the Study of Diabetes jointly

stated that no existing definition of MS meets the criteria of

a syndrome [3], and there have been endless debates on the

pros and cons of diagnosing MS for individuals [25]. Here,

we considered MS as a syndrome developing through

adipose tissue disease [4]. MS may not be restricted to a

risk factor for diabetes and cardiovascular disease but

also related to many other systemic disorders, such as CKD

[5, 6], chronic lung disease [7], and fatty liver disease [8].

Diabetes is a major cause of CKD, and diabetic nephrop-

athy has been detected by increased urinary albumin

excretion (UAE); conversely, UAE is also reported to be an

independent predictor of diabetes after controlling for MS

and other risk factors of diabetes [26]. Likewise, restrictive

lung disease is not only a result of diabetic microangiop-

athy [27], but a lower VC is also reported to be an inde-

pendent predictor of diabetes [12, 13]. Lazarus et al. [9]

found that FVC, FEV1, and maximal mid-expiratory flow

rate were predictors of hyperinsulinemia and insulin

resistance. Engstrom et al. [10] reported that low FVC and

FEV1 predicted incident diabetes independent of adiposity.

Later on, they confirmed this finding in a larger cohort of

Swedish men and women and also found that the incidence

of cardiovascular disease was significantly increased

among subjects with low %VC who had developed insulin

resistance [11]. Ford and Mannino reported that FVC and

FEV1 but not FEV1/FVC were significantly and inversely

associated with the incidence of diabetes [12]. They also

found that restrictive lung disease was significantly asso-

ciated with the incidence of diabetes but not obstructive

lung disease. Yeh et al. [13] also concluded that lower VC

predicted the development of diabetes. In addition, these

researchers reported that the association between respira-

tory function and diabetes was graded, independent of

confounding factors, and stronger in individuals who had

never smoked and that it appeared to be specific to VC,

since FEV1/FVC was not at all related to diabetic risk and

subjects with a lower VC had many features of MS or

insulin resistance at baseline.

Here, we examined a cross-sectional relationship

between respiratory function and MS and between respi-

ratory function and diabetes. The %VC was independently

associated with fasting glucose in men in the multiple

regressions, but not in women. The AUC of -%VC for

diagnosing diabetes, MS, and JMS was 0.647, 0.606, and

0.598, respectively (all p \ 0.0001), in men and 0.639

(p = 0.065), 0.513 (p = 0.732), and 0.668 (p = 0.01),

respectively, in women. In addition, the AUC of -%VC

for diagnosing diabetes was comparable with those of

metabolic risk factors in men, but not in women, that of

-%VC for diagnosing MS or JMS was significant but

lower than those of other metabolic risk factors in men, that

of -%VC for diagnosing MS was not significant, and

that of -%VC for diagnosing JMS was significant but

lower than those of other metabolic risk factors in women.

Age, WC, and %VC in men and WC and %VC in women

were independently associated with diabetes. Age and

%VC in men and only age in women were independently

associated with MS, and age and %VC in both men and

women were independently associated with JMS.

Sakuta et al. [14] reported that a decrease in %VC was

associated with diabetes, hypertension, hypertriglyceride-

mia, high GGT levels, and cardiovascular disease in mid-

dle-aged Japanese men. However, they did not study the

relationship between %VC and MS or hs-CRP. Nakajima

et al. studied the association between respiratory function

and MS in comparison with hs-CRP in a Japanese

Table 3 Stepwise linear regression using fasting glucose as a

dependent variable by gender

Variables PRC 95% CI of PRC p

Men

Constant 60.283 50.713–69.853 \0.0001

Waist circumference (cm) 0.258 0.172–0.343 \0.0001

Age (years) 0.266 0.196–0.337 \0.0001

GGT (U/L) 0.024 0.010–0.037 0.0004

Vital capacity (%) -0.130 -0.188 to -0.073 \0.0001

SBP (mmHg) 0.083 0.043–0.123 \0.0001

Triglycerides (mg/dL) 0.009 0.000–0.018 0.04

Women

Constant 52.111 45.516–58.706 \0.0001

SBP (mmHg) 0.116 0.075–0.158 \0.0001

Waist circumference (cm) 0.193 0.113–0.272 \0.0001

Age (year) 0.161 0.093–0.229 \0.0001

High-sensitivity CRP (mg/L) 1.575 0.604–2.546 0.002

PRC, Partial regression coefficient; CI, confidence interval; GGT,

gamma glutamyltransferase; SBP, systolic blood pressure

Age, waist circumference, SBP, triglycerides, HDL cholesterol, high-

sensitivity CRP, GGT, ALT, and %VC are used as initial independent

variables
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population and reported that hs-CRP and impaired

restrictive pulmonary function—but not obstructive pul-

monary function—were significantly associated with MS

even after adjustment for WC [14]. In their report, a

moderate-to-severe restrictive pattern, but not a high hs-

CRP level ([3.0 mg/L), was consistently associated with

MS [15]. In contrast, in our study, hs-CRP is significantly

associated with MS and %VC. Their cut point of hs-CRP

may be too high for a Japanese population because a

reported cut point of hs-CRP as an inflammatory com-

ponent of MS is 0.45 mg/L in Japanese men and 0.25 mg/

L in Japanese women [28]. Thus, VC was significantly

associated with diabetes and MS in Japanese men, but the

association was not conclusive in Japanese women. One

reason for the inconclusiveness of our results in women

may be that the number of subjects with diabetes in our

study was too small to detect a statistical significance in

women. The paradoxically positive relation between %VC

Table 4 Area under the ROC curve of -% vital capacity, age, waist circumference, body mass index, and body fat percentage for diagnosing

diabetes, MS, and JMS by gender

Variables Men Women

AUC 95% CI p AUC 95% CI p

Diabetes

-% vital capacity 0.647 0.589–0.704 \0.0001 0.639 0.507–0.770 0.065

Age 0.668 0.620–0.715 \0.0001 0.663 0.538–0.787 0.03

Waist circumference 0.630 0.571–0.689 \0.0001 0.736 0.563–0.909 0.002

Body mass index 0.616 0.554–0.678 0.0002 0.767 0.610–0.925 0.0004

Body fat % 0.637 0.577–0.697 \0.0001 0.723 0.559–0.888 0.003

MS

-% vital capacity 0.606 0.567–0.646 \0.0001 0.513 0.431–0.594 0.7

Age 0.566 0.529–0.604 0.001 0.676 0.609–0.743 \0.0001

Waist circumference 0.889 0.866–0.911 \0.0001 0.870 0.831–0.909 \0.0001

Body mass index 0.854 0.828–0.880 \0.0001 0.862 0.822–0.901 \0.0001

Body fat % 0.834 0.809–0.859 \0.0001 0.848 0.808–0.888 \0.0001

JMS

-% vital capacity 0.598 0.557–0.640 \0.0001 0.668 0.547–0.788 0.01

Age 0.573 0.534–0.612 0.001 0.762 0.666–0.858 \0.0001

Waist circumference 0.874 0.856–0.892 \0.0001 0.973 0.960–0.986 \0.0001

Body mass index 0.847 0.822–0.871 \0.0001 0.948 0.920–0.977 \0.0001

Body fat % 0.812 0.785–0.839 \0.0001 0.954 0.935–0.973 \0.0001

ROC, Receiver operating characteristic; AUC, area under the ROC curve

Fig. 1 Receiver operating

characteristic curves

of -% vital capacity for

diagnosing diabetes
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and anthropometric parameters of obesity in women may

result from the leanness—rather than obesity—of Japa-

nese women. However, it is possible that there may be

some gender difference in the association between VC

and MS. The reason why low VC predicts diabetes is not

known. One possible mechanism is hypoxia-induced

insulin resistance [29]. However, the mild decrease in VC

observed in our study and the above mentioned previous

studies may not be associated with significant hypoxia.

Rather, decreased muscle strength may be the link

between impaired respiratory function and insulin resis-

tance [9, 16]. Respiratory function is partially determined

by skeletal muscle strength, and low levels of hand-grip

strength have predicted higher levels of fasting insulin

[30]. Another possible mechanism may involve SP-A.

Levels of SP-A in the blood have been reported to be

associated with insulin resistance [17] and may possibly

be associated with a lower VC because SP-A is a marker

of interstitial lung injury.

Conclusions and limitations

Lower VC is an independent marker of diabetes and

associated with MS in Japanese men. However, our study

was a cross-sectional study, and the subjects were not a

general population but visitors to our medical check-up

center, which is in a central city of a rural region in Japan.

Therefore, it is unknown whether low VC precedes the

development of diabetes or not among Japanese. Further

studies that include a larger number of female diabetic

subjects and longitudinal ones are warranted to establish

lower VC as a risk factor of diabetes in the Japanese

general population.
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