Association of Plasminogen Activator Inhibitor-1 With Insulin Resistance in
Japan Where Obesity Is Rare
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The association between plasminogen activator inhibitor-1 (PAI-1) and insulin resistance is established in western countries. The
major component of this association is obesity. Accordingly, we examined this association in Japan where the prevalence of
obesity is low. Data for fasting PAI-1 levels of 404 subjects were obtained from a general population in a farming area. We
measured body mass index (BMI), systolic and diastolic blood pressure, high-density lipoprotein (HDL)-cholesterol, triglycerides,
fasting plasma glucose (FPG), insulin, creatinine, and uric acid. The use of alcohol was ascertained by a questionnaire. The formula
for the homeostasis model assessment (HOMA) score was used as an index of insulin resistance. Uni- and multivariate analyses
were applied for the determinants of plasma PAI-1. Age and sex did not affect plasma PAI-1. The average BMI was 23.0 + 3.2 kg/mZ2.
Thus, most of the subjects were not obese. Because, even in this population, BMI (P < .001) was the strongest determinant for
PAI-1 after univariate analysis, we performed multiple linear regression analyses after adjustment for BMI. The significance of
triglycerides, FPG, insulin, and the HOMA score still remained. PAI-1 levels were linearly related to the HOMA score. From the
subanalysis of the non-obese subjects (BMI < 25; n = 298), waist-hip ratio, triglycerides, FPG, and HOMA scores were significant
determinants of PAI-1. This is the first demonstration that increased PAI-1 levels were significantly related to insulin resistance in

a Japanese general population. PAI-1 levels are associated with insulin resistance, irrespective of obesity.

Copyright 2003, Elsevier Science (USA). All rights reserved.

LASMINOGEN ACTIVATOR INHIBITOR-1 (PAI-1) is
a potent inhibitor of fibrinolysis by binding to and inac-
tivating tissue plasminogen activator.! Increased plasma levels
of PAI-1 and decreased fibrinolytic activity have been demon-
strated in patients with coronary artery disease and is a prog-
nostic factor for myocardial infarction.>* Moreover, insulin
resistance includes a cluster of risk factors for cardiovascular
diseases, such as obesity, increased triglycerides, and decreased
high-density lipoprotein (HDL).>
Several studies have shown elevated PAI-1 levels in condi-
tions associated with insulin resistance.®” It is suggested that
PAI-1 contributes to the increased cardiovascular risk encoun-
tered with insulin resistance.>¢8-11 However, these previous
studies®?'" have been conducted in western countries where
the prevalence of obesity is high. Because the key component
of the relationship between increased PAI-1 and insulin resis-
tance is obesity,!>'¢ it may be interesting to examine this
relationship in a non-obese population. Accordingly, we exam-
ined this relationship in Japan where the prevalence of obesity
is low, the incidence of coronary artery disease is low,!7 and the
dietary habit is different from western countries.'8

SUBJECTS AND METHODS
Subjects

In 1999, in a farming community in southwestern Japan (Tanushi-
maru town), a total of 450 people received health examinations. Of
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these, 26 were not on an overnight fast, and we selected 424 subjects
(183 men and 241 women). Because 19 subjects were taking hypogly-
cemic agents and 1 subject was missing data for PAI-1, 20 subjects
were eliminated from this analysis. Finally, complete data sets for 404
subjects were available in this study.

Data Collection

The medical history, use of smoking, and alcohol were ascertained
by a questionnaire. Smoking and alcohol were classified as current
habitual use or not. Height and weight were measured, and body mass
index (BMI, kilograms per meter squared) was calculated as an index
of obesity. Waist circumference was measured at the level of the
umbilicus in the standing position, and hip circumference was mea-
sured at the level of greater trochanters. The waist-to-hip ratio (WHR)
was used as a measure of upper body adiposity. Blood pressure was
measured twice with the subjects in the supine position. The second
blood pressure after 5 deep breaths with fifth phase diastolic pressure
was used for analysis. Hypertensives were defined as blood pressure =
140 and/or 90mm Hg or receiving antihypertensive medication. Sys-
tolic blood pressure was measured in the arms and in the right dorsalis
pedis artery. The resting ankle brachial pressure index (ABI) was
determined for the right leg by dividing the systolic blood pressure at
the ankle by brachial pressure.

Blood was drawn from the antecubital vein for determination of
lipids (total cholesterol, HDL-cholesterol, and triglycerides), free fatty
acid (FFA), fasting plasma glucose (FPG), insulin, creatinine, uric acid,
and PAI-1 levels in the morning after a 12-hour fast. PAI-1 was
measured in citrated plasma using enzyme-linked immunosorbent as-
say' that is sensitive to free PAI-1, but not to PAI-1 complexed with
t-PA. The citrated sample was centrifuged for a minimum of 10
minutes to make sure that there was no contamination from platelet
PAI-1. The estimate of insulin resistance by homeostasis model assess-
ment (HOMA) score was calculated with the formula: fasting insulin
(nU/mL) X fasting glucose (mmol/L)/22.5 as described by Matthews
et al.2% Other chemistries, such as serum total cholesterol, HDL-cho-
lesterol (enzymatic assay method), and creatinine (enzymatic assay
method) were measured at a commercially available laboratory (The
Kyodo Igaku Laboratory, Fukuoka, Japan).

The Ukiha branch of the Japan Medical Association, by the mayor,
and the welfare section of Tanushimaru district approved this study.
The Ethics Committee of Kurume University School of Medicine also
approved this study. All participants gave informed consent.
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Table 1. Background of Subjects

Men Women Total
(183) (241) (424)

62.8 = 11.9 624 127 62.6 124
135.6 = 21.56 132.4 = 20.3 133.8 = 20.8

Age (yr)
Systolic BP (mm Hg)

Diastolic BP (mm Hg) 80.8 +13.3 76.2*+11.4 782+*122
ABI 1.056 +£0.11 1.03 +0.09 1.04 =0.10
BMI (kg/m?) 23.1 = 3.1 23.0+32 23.0+3.2
Waist-hip ratio 0.88 = 0.06 0.81 +0.06 0.84 + 0.07
Total cholesterol (mmol/L) 4.88 =0.90 5.33 +0.80 5.13 = 0.88
HDL-cholesterol (mmol/L) 1.33+0.38 1.47 =035 1.41 +0.36
Triglycerides (mmol/L) 1.21 £0.02 1.07 £0.02 1.13 +£0.02
FFA (mEq/L) 0.55 +0.33 0.59 +0.35 0.57 +0.34
FPG (mmol/L)* 5.33 £ 0.07 5.15+0.06 5.23 + 0.07
Insulin (pmol/L)* 26.4+11.4 27.6*+10.2 27.0+10.8
HOMA score* 1.04 + 0.68 1.05+0.61 1.05=* 0.64
Creatinine (umol/L) 86.6 =229 68.1 =10.6 76.0+ 19.4
Uric acid (umol/L) 350.9 = 83.3 267.7 = 71.4 303.3 = 89.2
PAI-1 (ng/mL)* 231+18 234+18 233+18
Current smoking (% yes) 78 (42.6) 7 (2.9) 84 (19.8)
Alcohol intake (% yes) 96 (52.4) 15 (6.2) 111 (26.2)
Medication (% yes) 44 (24.0) 47 (19.5) 91 (21.5)
Diabetes mellitus 11 (6.0) 8(3.3) 19 (4.5)
Hyperlipidemia 4(2.9) 14 (5.8) 18 (4.2)

Abbreviations: BP, blood pressure; ABI, ankle-brachial index; BMI,
body mass index; FFA, free fatty acid; FPG, fasting plasma glucose.
*Log-transformed values were used.

Statistical Methods

Because of skewed distributions, the natural logarithmic (In) trans-
formations were performed for triglycerides, FPG, insulin, HOMA
score, and PAI-1. Mean values with upper and lower 95% confidence
intervals (CI) were exponentiated and presented as geometric mean =
standard deviation (SD), in which SD was approximated as the differ-
ence of the exponentiated CI divided by 3.92, which is the number of
SD in a 95% CI where data are normally distributed. Results are
presented as mean = SD. The medications for hypertension, hyperlip-
idemia, and diabetes were coded as dummy variables. Multiple linear
regression analysis was performed for determinants of plasma PAI-1
levels adjusted for BMI. Mean plasma PAI-1 levels by tertiles of the
increasing HOMA score were compared using analysis of covariance,
adjusted for age, sex, and BMI as covariates. Statistical significance
was defined as P < .05. All statistical analyses were performed with the
use of the SPSS system (SPSS, Chicago, IL).

RESULTS

Backgrounds of the subjects are presented in Table 1. Most
of them were normotensive, non-obese, nondiabetic, and
normolipidemic, but the prevalence of smoking was high in
men. PAI-1 levels did not differ between men and women.
Determinants of plasma PAI-1 levels are shown in Table 2.
Parameters statistically significantly related to PAI-1 levels
were diastolic blood pressure (P < .05), BMI (P < .001), WHR
(P < .01), HDL-cholesterol (inversely, P < .05), triglycerides
(P < .001), FPG (P < .01), insulin (P < .001), HOMA score
(P < .001), and uric acid (P < .05). Because BMI was the
strongest determinant of PAI-1, multiple linear regression anal-
ysis was performed after adjustment for BMI. The significance
of triglycerides (P < .05), FPG (P < .05), insulin (P < .01),
and HOMA score (P < .001) still remained (Table 3). HOMA
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Table 2. Univariate Analyses for Determination of Plasma
PAI-1 Levels

Variables B+ SE t Value P
Age —0.016 0.002 —0.320 .749
Sex —0.034 0.060 0.679 .497
Systolic BP 0.068 0.001 1.378 169
Diastolic BP 0.142 0.002 2.884 .004
ABI 0.043 0.305 0.868 .386
BMI 0.235 0.009 4.862 .0001
Waist-hip ratio 0.184 0.416 3.763 .001
Total cholesterol 0.058 0.001 1.166 .244
HDL-cholesterol -0.118 0.002 —2.395 .017
Triglyceridest 0.222 0.067 3.627 .0001
FFA —0.056 0.087 -1.127 .261
FPGT 0.174 0.272 2.813 .005
Insulint 0.290 0.059 4.819 .0001
HOMA scoret 0.308 0.055 5.157 .0001
Creatinine 0.026 0.135 0.530 .597
Uric acid 0.123 0.020 2.479 .014
Current smoking —0.010 0.074 -0.198 .843
Alcohol intake 0.059 0.068 1.190 .235

NOTE. B*, standardized regression coefficients.

Abbreviations: SE, standard error, BP, blood pressure; ABI, ankle-
brachial index; BMI, body mass index; FFA, free fatty acid; FPG,
fasting plasma glucose.

*Log-transformed values were used.

score was the strongest determinant for plasma PAI-1 levels.
Statistical significance and dose-response relationship are dem-
onstrated for HOMA score in Fig 1.

To further investigate the impact of obesity on the relation-
ship between PAI-1 and insulin resistance, univariate analysis
was performed in the subgroup of non-obese subjects (BMI <
25, n = 298), again BMI (P < .05), WHR (P < .01), triglyc-
erides (P < .05), FPG (P < .05), insulin (P < .05), and HOMA
score (P < .05) were significant determinants of PAI-1
(Table 4).

DISCUSSION
PAI-1 and Insulin Resistance

A positive association between fasting plasma insulin levels
and PAI-1 has been demonstrated by several investigators in

Table 3. Multiple Linear Regression Analysis for Determination of
Plasma PAI-1 Levels Adjusted for BMI

Variables B SE t Value P
Diastolic BP 0.095 0.002 1.918 .056
Waist-hip ratio 0.089 0.474 1.586 113
HDL-cholesterol —0.064 0.002 -1.282 .201
Triglycerides* 0.160 0.068 2.565 .011
FPG* 0.141 0.260 2.322 .021
Insulin* 0.207 0.067 3.040 .003
HOMA score* 0.231 0.062 3.417 .001
Uric acid 0.075 0.020 1.520 129

NOTE. B*, standardized regression coefficients.

Abbreviations: SE, standard error, BP, blood pressure; FPG, fasting
plasma glucose.

*Log-transformed values were used.
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western countries where the incidence of coronary
artery disease is high, the prevalence of obesity is high, and the
dietary and social habits are different from those of the Japa-
nese. However, there are no epidemiologic studies regarding
this relationship in Japan. As shown in Table 1, most of the
subjects enrolled in this study were non-obese, normolipi-
demic, and nondiabetic, but the prevalence of smokers was
high. It may be interesting to note that the mean cholesterol
levels in both men and women were compatible with those in
western countries.!>2! On the above-described backgrounds,
the mean level of PAI-1 was not much different from those
reported in western countries.?!-22 As reported previously,!!-14
age and gender did not affect PAI-1 levels in this study, as well.

We found that typical parameters of insulin resistance were
associated with plasma PAI-1 levels. We measured FPG, insu-

Table 4. Univariate Analysis for Determination of Plasma

PAI-1 Levels
Variables B SE P
BMI 0.120 0.015 .040
Waist-hip ratio 0.166 0.498 .004
Total cholesterol —0.015 0.035 794
HDL-cholesterol —-0.122 0.002 .055
Triglycerides* 0.181 0.078 .012
FPG* 0.151 0.296 .035
Insulin® 0.152 0.074 .034
HOMA score* 0.178 0.069 .013
Uric acid 0.072 0.024 217

NOTE. Non-obese subjects; BMI < 25; n = 298. 8*, standardized
regression coefficients.

Abbreviations: SE, standard error, BMI, body mass index; FPG,
fasting plasma glucose.

*Log-transformed values were used.

lin levels, and calculated HOMA score, which is used for an
index of insulin resistance in epidemiologic studies.?3-2> Al-
though diabetics were rare in our population (Table 1), we
excluded subjects who were taking hypoglycemic agents in the
analysis. The results of analyses then indicated that the asso-
ciation between increased PAI-1 with insulin resistance does
exist.

Impact of Obesity on the Association Between PAI-1 and
Insulin Resistance

It has been demonstrated that obesity is a key component of
the association between increased PAI-1 and insulin resis-
tance.!0-12-16 [n this study, most subjects were not obese as
shown in Table 1. Even in this population, BMI was a strong
(P < .001) determinant of PAI-1 (Table 2), indicating the
importance of obesity for the association between increased
PAI-1 and insulin resistance. To investigate the impact of
obesity, multiple linear regression analysis was performed after
adjustment for BMI (Table 3), which demonstrated the positive
association between increased PAI-1 and triglycerides, FPG,
plasma insulin levels, and HOMA score. This analysis indi-
cated that the association between increased PAI-1 and insulin
resistance does exists, irrespective of obesity. To further elu-
cidate the impact of obesity, we subanalyzed the non-obese
population with BMI < 25 kg/m? (Table 4), which showed the
association with PAI-1, BMI, WHR, triglycerides, FPG, plasma
insulin level, and HOMA score. Thus, these careful analyses
suggested the positive association between increased plasma
PAI-1 levels and insulin resistance, irrespective of obesity.

In conclusion, this is the first demonstration that increased
PAI-1 levels were significantly related to insulin resistance in a
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Japanese general population in which the prevalence of obesity
is low. PAI-1 levels are associated with insulin resistance,
irrespective of obesity.
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