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FIG. 3. Differential binding pat-
terns between G- and A-bearing
alleles of the Eothe promater. Syn-
thetic allele-specific oligonucleo-
tides representing the polymorphic
G-395A site were incubated with
neclear extracts from cultured hu-
man embryonal kidney 293 cells,
Lanes 1 and 2 show the DNA-
protein complex formed by labeled
probes with A- and G-bearing al-
leles. Lanes 3-12 show cold com-
petition with various concentra-
tions of unlabeled probes with G-
and A-bearing alleles (X1-X100 of
the labeled probe) against the com-
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klotho gene is known to be expressed most predominantly in
the kidney but not in bone or bone marrow, in mice and
humans.22 In fact, we confirmed the expression of the
Hotho in 293 cells. Consequently, it was indicated that some
transcription factors, coactivators, or Co-fepressors bound to
the sequence including the polymorphic site in the promoter
region (G-395A) and the substitution affected its binding
affinity. Sequence analysis of the 5’ flanking region re-
vealed that there was no typical TATA box, but there were
five potential binding sites for Spl that are known to be
found often in TATA-less promoter.®® DNA sequences
around the G-395A site are highly conserved with those of
murine klotho gene (> 70%), and this site is located close
to Spi. It is interesting to note here that the polymorphism
in the collagen lal gene associated with low bone density is
also. located at the Spl binding site.'*!® However, our
functional study using 415 bp of the human klotho promoter
construct containing the G-393A site ligated to the lucif-
erase reporter gene failed to show a significant difference of
the reporter activity by the G/A substitution in transfected
293 cells (data not shown). This discrepancy might be
because there are other important elements than the G-395A
site in the promoter region that regulate the klotho gene
transcription. Another possibility might be that the expres-
sion of the transcription factors/cofactors in the 293 cells
was sufficient for the binding of the klothe promoter but
might be insufficient for the activation of exogenously
transfected promoter construct.

C1818T, the SNP in exon 4 associated with bone density,
was a variation that caused no amino acid substitution.
Although several reports have suggested the possibility that
a silent mutation in an exon may yield an alternative tran-
script with abnormal function or affect the expression level
of the product,?®*” our preliminary analysis has so far
failed to detect splicing variants of the klotho transcript by
RT-PCR using human kidney samples obtained from 18
renal disease patients (data not shown). Another possibility
is that the association of C1818T may be linked physically
to an SNP that could influence the function of the klotho
gene. Because C2298T that is located downstream of
CI818T did not exhibit any association with BMD, the

plex formation by the labeled
probe with G-bearing alleles.

functional variant might possibly be located upstream of
C1818T.

Among identified SNPs, three of them, one in the white
population (G1110C) and two in the Japanese population
(A44C and C234G), resuited in amino acid substitutions
that might affect the structure of the protein. Recently, the
G1110C was identified by another group as a functional
variant that contributes to the longevity of humans®"; how-
ever, our association study failed to show significant asso-
ciations between G1110C and bone density in any subpopu-
lation (all p > 0.05, data not shown). In addition, the allelic
frequency of the minor C allele was not significantly dif-
ferent among subpopulations classified by ages in the white
postmenopausal women. This discrepancy might possibly
be caused by the difference of races. Neither A44C nor
234G was applicable for the association study because of
the shortage of the number of patients with the minor allele
in the Japanese population.

Aging is a common and potent risk factor in all age-
related disorders in humans, and for the first time this study
indicated the involvement of an aging-related gene klotho in
the pathophysiology of a major age-related disorder, osteo-
porosis. The SNPs identified in this report will be useful for
testing the association between klotho and other age-related
diseases. We propose that further studies on the function of
the klotho gene will provide new insight into the under-
standing of molecular mechanisms of age-related disorders.
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Refractive Errors and Factors Associated
with Myopia in an Adult Japanese Population

Naoko Shimizu*, Hideki Nomura', Fujiko Andof,
Naoakira Niino?, Yozo Miyake® and Hiroshi Shimokata?

*Department of Ophthalmology, Chubu Rosai Hospital, Nagoya, Japan;
Department of Ophthalmology, Chubu National Hospital, Oby, Aichi, Japan;
{Department of Epidemiology, National Institute for Longevity Sciences, Obu, Aichi, Japan;
iDepartment of Ophthalmology, Nagoya University, School of Medicine, Nagoya, Japan

Purpose: To investigate the refractive status and factors associated with myopia by a popula-
tion-based survey of Japanese adults,

Methods: A total of 2168 subjects aged 40 to 79 years, randomly selected from a local com-
munity, were assessed in a cross-sectional study. The spherical equivalent of the refractive er-
ror was calculated and used in a multiple logistic regression analysis to evaluate the relation-
ships between myopia and possible related factors.

Resulis: The mean (* SD) of the spherical equivalent was —(.70 = 1.40 diopters (D) in
men, and —0.50 = 1.44 D in women. Based on * 0.5 D cutoff points, the prevalence of myo-
pia, emmetropia, and hypermetropia were 45.7%, 40.8%, and 13.5% in men, and 38.3%,
43.1%, and 18.6% in women, respectively. A 10-year increase in age was associated with re-
duced risk of myopia [men: odds ratio (OR) = 0.53, 95% confidence interval (CI): 0.44-0.62;
women: OR = 0.65, 95% CI: 0.54-0.78]. In men, myopia was significantly associated with
higher education (high school: OR = 1.6, 95% CI: 1.1-2.3; college: OR = 2.0, 95% CI: 1.3~
3.1) and management occupations (OR = 1.6, 95% CI: 1.0-2.4). For women, high income
(OR = 1.5,95% CI: 1.1-2.2), and clerical (OR = 1.5,95% CI: 1.0-2.4) and sales/service occu-
pations (OR = 1.7, 95% CI: 1.1-2.6) were also associated with myopia.

Condlusions; The prevalence of myopia in a Japanese population was similar to that in other
Asian surveys but higher than in black or white populations. Our study confirmed a higher
prevalence of myopia among younger vs. older populations, and a significant association with
education levels and socioeconomic factors.  Jpn J Ophthalmel 2003;47:6-12 © 2003 Japa-
nese Ophthalmological Society

Key Words:  Age, education level, myopia, refractive error, socioeconomic factors.
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Earlier studies have shown that the prevalence of
myopia is higher in the Asian population than in
black and white populations,’ and severa! epidemio-
logical studies have shown that both genetic factors,
such as race? and family history,>% and environmen-
tal factors, such as education level®? and socioeco-
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nomic status,’! are important risk factors for myo-
pia. The prevalence of myopia seems to be increasing
worldwide.}'? In particular, the incidence of myopia
has increased rapidly in younger generations over the
past few decades,'>!* and the concurrent increase in
formal education and white-collar occupations may
be a reason for this increase.!

In Japan, however, there has been no population-
based survey investigating the refractive status in an
adult population. Although a nationwide glaucoma
survey'® showed the prevalence of refractive errors
by age, other factors related to myopia have not yet
been analyzed.

(021-5155/03/§-see front matier
PIT 50021-5155(02)00620-2
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In the present study, we investigated the refractive
status of middle-aged to elderly populations living in
two communities in Aichi prefecture, Japan. In addi-
tion, the relationships between myopia and several
other factors, such as age, physique, education level,
and socioeconomic status, were examined.

Materials and Methods

Data for the present report were obtained from a
population-based survey of aging conducted in Obu-
shi and Higashiura-cho, Aichi prefecture, Japan, by
the National Institute for Longevity Sciences—the
Longitudinal Study of Aging (NILS-LSA). Random
sampling from the municipal register, which was
stratified by age and sex, identified eligible subjects

Table 1. Characteristics of Participants

of the same racial and ethnic origin, aged from 40 10
79 years,

A detailed deseription of this study design has been
reported elsewhere.!” In brief, the NILS-LSA consists
of clinical evaluations, body composition and anthro-
pometry, physical functions, nutritional analysis, and
psychological tests. Participants were interviewed at
the research center on demographic characteristics,
medical and ophthalmologic history, and self-reported
vision problems. The Ethical Committee of the Chubu
National Hospital reviewed and approved all proce-
dures for the study, and a written informed consent
was obtained from all subjects.

We analyzed the baseline data of NILS-LSA ob-
tained between March 1997 and April 2000. During
this period, 2267 people (1136 men and 1131 women)

Men Women
(n = 1087) (n = 1081)

Characteristics Mean SD* Mean SD*
Age (years) 587 10.8 58.7 10.8
Height (cm) 164.7 6.3 151.5 6.0
Weight (kg) 62.3 9.1 52.6 8.3
Smoking (pack-years) 24.6 225 1.6 6.6
Refractive error of the right eye (spherical equivalent)

40-49 years -1.35 1.37 -122 137

50-59 years -1.03 143 —0.67 1.33

60-69 years -0.22 117 -0.09 137

70-79 years -0.09 1.20 0.04 131
Total -0.70 1.40 -0.50 144

n %o n %

History of

Hypertension 262 241 284 263

Diabetes 106 9.8 58 54
Household income (Yen)

<6.5 million 412 379 448 41.4

6.5-10 million 376 34.6 290 268

>10 million 291 26.8 275 254
Education level

Elementary school or junior high school 314 289 393 36.4

High school 438 403 430 398

College or university or higher 332 305 253 234
Occupation

Expert 135 124 89 8.2

Management 204 18.8 6 0.6

Clerical 127 117 245 227

Sales, service 51 4.7 17 15.8

Physical fabor 358 29 7 21.0

Security goard 24 22 0 a0

Agriculture, forestry, fishery ~ 47 43 62 53

Business on one's own 78 72 57 53

Housework i} 0.0 108 10.0

Unclassified 40 37 80 74

*SD: standard deviation.
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participated in the NILS-LSA. We excluded partici-
pants with a previous history of cataract surgery and
those without refractive error data, so that 2168 peo-
ple (1087 men and 1081 women) were included in
the present study.

As part of our standardized examination, an auto-
mated objective refraction test was performed on each
participant with an AutoRefractor & Keratometer
(ARK700A, NIDEK, Gamagori). Visual acuity was
then measured with Landolt broken rings at 5 meters
under standard lighting conditions, and measured
initially using any corrective devices the participants
were currently using. If the participant was unable to
read the 1.0 equivalent line, refraction was per-
formed using the results of the objective refraction as a
starting point. The best-corrected visual acuity was
found, and both the derived refractive data and the
visual acuity were recorded. When the presenting
acuity of the participant was 1.0 or better, the initial
objective refraction was recorded as the subject’s re-
fractive data. The spherical equivalent (sphere + 1/2
cylinder) was used to calculate the refractive error.
Because of the age of our study population, cyclople-
gia was not used.

Information on smoking habits, household income,
education level, and lifetime occupation was obtained
from the questionnaires filled out by the participants.
Total pack-years smoked was defined as the number
of cigarettes smoked per day divided by 20, multi-
plied by the number of years smoked. Any history of
hypertension and diabetes was also recorded.

Myopia was defined as the spherical equivalent of
=-—0.5 diopters (D). We further categorized the my-
opia as mild myopia (>>—0.5 D to —3.0 D), moderate
myopia (>-3.0 D to —6.0 D) and high myopia
(=—-6.0 D). Hypermetropia was defined as the spheri-
cal equivalent of more than +0.5 D, and emmetropia
was defined as the spherical equivalent of +0.5 D or
less but >-0.5 D. Because the spherical equivalents
in the right and left eyes were highly correlated (Pear-
son’s correlation: r = 0.91, P < .0001 in men; r =
0.88, P < .0001 in women), we present the data for
only the right eye.

To estimate how other factors may be associated
with refractive errors, we grouped household income
and education level into three categories each, and
occupation into 10 categories (Table 1).

For analysis, the values for the spherical equivalent
of refractive errors, age, height, weight, and pack-
years smoked were entered as continuous variables.
The relationships among these variables were assessed
using the Spearman correlation analysis. We used the
Student #-test, analysis of variance, the Cochran-
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Mantel-Haenszel x?, and general linear regression
(including trend tests) to assess the relationships be-
tween the spherical equivalent and other potential
risk factors. Multiple logistic regression was used to
determine whether these variables aifected the risk
of myopia. All statistical analyses were performed by
sex because there were large differences between the
sexes in several factors (eg, smoking habit or occupa-
tion). Data were analyzed using the Statistical Anal-
ysis System (SAS) release 6.12.18

Results

The characteristics of the study population are
presented in Table 1. The mean age was 58.7 years
for each sex. The mean (+ SD) spherical equivalent
of the refractive error was ~0.70 = 140 D in men
and —0.50 = 1.44 D in women. This constituted a
significant difference between the sexes (t-test, P =
.001). The older age groups had more hypermetropic
refractive errors in both sexés (P < 0001 for trend).

The mean value for pack-years smoked was signif-
icantly greater for men than for women (¢-test, P <
.0001), and there were also significant differences in
occupations between sexes (x2 = 478.3, P < .0001).
In particular, men did not list housework and women
did not list guard work as lifetime occupations.

The distribution of the spherical equivalent of re-
fractive error is shown in Figure 1. Based on the =
0.5 D cutoff points, the prevalence of myopia, em-
metropia, and hypermetropia were 45.7%, 40.8%, and
13.5% in men, and 38.3%, 43.1%, and 18.6% in
women, respectively. This difference in distribution
between sexes was also highly significant {}* = 16.5,
P = .0003). The incidence of mild myopia was 37.9%
in men and 30.5% in women, moderate myopia was
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7.2% and 7.3%, respectively, and high myopia was
0.6% and 0.5%, respectively.

The distribution of spherical equivalent by age
groups and sex is shown in Figure 2. The prevalence
of hypermetropia increased with age in both men
(Cochran-Mantel-Haenszel y* = 108.6, P < 001}
and women (Cochran-Mantel-Haenszel x* = 149.0,
P < 001). For participants in their 40s, 1.4% of men
and 1.1% of women showed hypermetropia, while the
figures were 27.8% and 38.1% when they reached their
70s. Although the prevalence of hypermetropia was
higher in women than in men in all age groups ex-
cept for the 40-49-year group, the differences in data
were not significant between sexes. The prevalence of
myopia (spherical equivalent = —0.5 D) decreased
with advancing age in both men (Cochran-Mantel-
Haenszel ¥ = 1183, P < .00l) and women (Co-
chran-Mantel-Haenszel x2 = 87.6, P < .001). In the
40-49-year age group, 69.4% of the men and 60.2%
of the women were myopic, while in the 70-79-year age
group, only 28.6% of the men and 25.4% of the
women were myopic.

A simple correlation analysis showed a significant
positive association between age and the spherical
equivalent of refractive errors for both sexes (P <
.0001). Conversely, height and weight had a signifi-
cant inverse association with the spherical equivalent
for both sexes (P < .0001), and pack-years smoked

100%
80%
60%
40%
20%

0% = R N ey ol

MW MW MW MW

40-49 50-59 60-69 70-79

age (years)

Figure 2, Refractive status, stratified by age and sex. Re-
fractive status, spherical equivalent, are defined as: hyper-
metropia (> +0.5 diopters [D]), emmetropia (> —0.5 to
+0.5 D), mild myopia (> ~3.0 to —(.5 D), moderate myo-
pia (> -6.0 to —3.0 D), high myopia (= —6.0 D). M: men,
W: women. [J: hypermetropia, O: emmetropia, O: mild
myopia, B: moderate myopia, B: high myopia, in descend-
ing order from top to bottom of each column,
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was positively correlated with the spherical equiva-
lent in men (P = .004), but inversely in women (P =
.001). However, these significant associations, except
for height in women, were not found when adjust-
ments were made for age.

In the categorical variables, the participants with a
history of hypertension had a lower mean spherical
equivalent value than those without a history of hy-
pertension (¢-test, men: P = .017, women; P = .001).
However, a history of diabetes had no significant in-
fluence on the mean spherical equivalent in either sex.
A significant relationship between the spherical equiv-
alent and household income was found (men: F = 29.0,
P < 0001, women: F = 21.5, P < .0001), with the spher-
ical equivalent decreasing as the household income in-
creased (P < .0001 for trend). Similarly, a higher edu-
cation level was associated with greater myopia in both
sexes (men: F = 45.4, P < 0001, P < .0001 for trend;
women: F = 223, P < .000], P < 0001 for trend).
There were also significant associations between the
spherical equivalent and lifetime occupations (men:
F=17, P < .000L, women: F = 4.7, P < 0001).

Finally, multiple logistic regression analysis for the
risk of myopia (spherical equivalent = —0.5 D) using
all variables was performed (Table 2). An increase in
age of 10 years was associated with a 0.53 [95% con-
fidence interval (CI): 0.44-0.62) and 0.65 (95% CIL:
0.54-0.78) lower probability of having myopia in men
and women, respectively. Men with a higher educa-
tion were at higher risk for myopia: high school,
odds ratio (OR) = 1.59, 95% CI: 1.10-2.29; college
or higher, OR = 2.05,95% CI: 1.33-3.14. In women,
the highest income group was associated with a higher
incidence of myopia (OR = 1.52, 95% CI: 1.05-2.18)
compared with the lowest income group.

To assess the effect of occupation, we considered
persons in the physical labor category as a reference
group because this was the most frequent occupation
in the present study (27.0% of the participants). The
presence of myopia was associated with management
occupatiens (OR = 1.55, 95% CI: 1.01-2.39) in men,
and with clerical (OR = 1.54, 95% CIL: 1.01-2.36)
and sales/service (OR = 1.66, 95% CI: 1.06-2.61) oc-
cupations in women. No association was found in ei-
ther sex between pack-years smoked, hypertension,
or diabetes and the presence of myopia.

Discussion

The main findings of this investigation in a large
Japanese population are that the prevalence of myo-
pia was 45.7% in men and 38.3% in women, and that
there are significant independent associations be-
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Table 2, Results of Multiple Logistic Regression for Risk of Myopia

Men Women
95% 95%

Variables Qdds Ratio Confidence Interval Odds Ratio Confidence Interval
Age (10 years) 0.53 0.44-0.62 0.65 0.54-0.78
Height (10 cm) 1.24 0.93-1.65 114 0.85-1.53
Weight (10 kg) 0.82 0.68-0.98 0.98 0.81-1.18
Education level

Elementary school or junior high school (reference) 1 1

High school 1.5 1.10-2.29 1.21 0.85-1.71

College or university or higher 2.05 1.33-3.14 1.27 0.84~1.93
Household income (Yen}

<6.5 million (reference) 1 1

6.5-10 million 0.89 0.62-1.26 1.12 0.79-1.60

>10 million 1.04 0.72-1.51 1.52 1.05-2.18
Occupation

Expert 1.48 0.91-2.41 0.68 0.38-1.22

Management 1.55 1.01-2.39 1.12 0.17-7.40

Clerical 1.52 0.95-2.42 154 1.01-236

Sales, service 1.56 0.81-3.01 1.66 1.06-2.61

Pliysical labor (reference) 1 1

Security guard 1.08 0.42-2.81 NIA*

Agriculture, forestry, fishery 1.70 0.83-3.45 1.07 0.52-2.17

Business on one’s own 0.58 0.32-1.05 1.12 0.57-2.18

Housework N/A* 0.78 0.45-1,38

Unclassified 1.78 0.84-3.77 1.00 0.56-1.79
Smoking (per 10-pack~years) " 1.00 0.94-1.06 1.07 0.87-1.31
History of

Hypertension 115 0.82-1.61 0.88 0.62-1.26

Diabetes 115 0.72-1.84 1.63 0.83-3.18

*N/A: not applicable

tween the presence of myopia and several socioeco-
nomic factors.

There are many studies examining the distribution
of refractive error and the risk factors for the refractive
errors. In an adult population, it has been reported
that there is a significant association between myapia
and several different factors such as age 67911161524
family history,®® education level,*® socioeconomic
status,>!! and cataracts.>! The relationships between
refractive error and height or weight are unconvine-
ing, although eye size may be linked to body stat-
ure.? Other factors such as nutrition, ultraviolet
exposure, use of drugs, cigarette smoking, hyperten-
sion, and diabetes might be associated with myopia,
because they are.associated with the prevalence of
age-related cataracts.?

Previous population-based surveys reported a racial
difference in the prevalence of myopia. The proportion
of myopia is 17-26.2% in white populations3$71320
and 13-21.9% in black populations.”!! In contrast,
the prevalence of myopia in East Asian countries is
much higher. Wong et al'® showed that the prevalence
of myopia in Singapore Chinese people between 40
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and 79 years of age was 38.7%, and Van Newkirk mea-
sured the prevalence in Hong Kong at approximately
40%.% In Japan, it was reported that 47.6% of peo-
ple 40-69 years old were myopic.!® The Visual Im-
pairment Project study in Australia® concluded that
people bom in Southeast Asia had significantly higher
rates of myopia than in any other geographical area,
even after adjusting for age and education level. Our
results showed that the prevalence of myopia in Ja-
pan is as high as in other Southeast Asian countries.

It has been suggested that genetic variations among
races influence the prevalence of myopia in the groups
studied.! Studies in twins also suggest the impor-
tance of genetic factors in myopia. In particular, a re-
cent twin study in the United Kingdom by Ham-
mond et al® indicated that the heritability for myopia
was 84% to 86%, with the remaining 16% to 14% of
the variance due to environmental factors.

Cross-sectional studies have shown that the preva-
lence of myopia is higher in recent years than in former
times.!3-15 In particular, among East Asian countries,
the prevalence of myopia has increased remarkably
over the last few decades. 328
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Because it is highly unlikely that this rapid change
could be explained by genetic factors alone, environ-
mental factors are probably also important in the eti-
ology of myopia. A possible reason for the rapid in-
crease in myopia rates in Asian countries is the
greater close work demands on the younger genera-
tion, such as increased formal education or the shift
to white-collar occupations.! In fact, several longitu-
dinal studies have revealed that reading or close work
could cause refractive myopic shifts from childhood
through adolescence 3!

Similarly, we found a significant independent as-
sociation between education level and the preva-
lence of myopia in men. The relationship between
myopia and certain occupations was demonstrated by
data on professionals and clerks in the Visual Impair-
ment Project study,® professional and office workers
among Singapore Chinese,'® and with near-work-
related occupations (professional, managerial, clerical,
technical, electrical) in the Barbados Eye Study.!
Our study showed similar results in people who stated
they were in management or clerical occupations.
Sales/service occupations in women also showed a
significant relationship to myopia in the present
study, which may be due to the indistinct boundary
between clerical and sales/service occupations for
women. These results seem consistent with the use-
abuse theory.!*?

Our findings confirmed the age-related increase in
hypermetropia with an associated age-related de-
crease in myopiz, which has been reported in previ-
ous studies.8791L1613-24 1t was suggested that this
trend toward hypermetropia was due to decreasing
lens power with aging,® or an increasing optical den-
sity of the lens cortex making the lens more uni-
formly refractive.® Another possible explanation is
that the relationship between age and refraction re-
flects a worldwide trend. Bengtsson et al'Z showed
that a true hypermetropic shift did exist between 55
and 70 years of age; however, there was also a persis-
tent worldwide trend toward myopia using a meta-
analysis method. It was assumed that this worldwide
trend for myopia is 0.01 D per year.

The relationship between refraction and stature is
inconsistent. It was reported in one study that myo-
pic subjects were taller than nonmyopic subjects.” In
contrast, there was no significant association be-
tween height and refractive error after adjustment for
sex in the Blue Mountains Eye Study.’® Wong et al®
showed that the refraction between tall and short
people appeared to be similar, although taller per-
sons tended to have longer globes. Similarly, the re-
lationship that myopia was prevalent in taller and

1

heavier persons in our univariate analysis seems to
be apparent in our results. This may be due to the
cohort phenomenon that younger persons are larger
in physique and more myopic in refraction than eld-
erly persons in Japan.

To the best of our knowledge, there are no avail-
able population-based studies on the association of
refractive errors with hypertension or cigarette smok-
ing. However, because a significant relationship be-
tween cataracts and myopia has been detected in
several studies,"! and cataracts appear to be associ-
ated with hypertension and smoking,’ we assume
that a history of hypertension or smoking has some
influence on refractive errors. However, in our study,
they were not significant independent factors affect-
ing the prevalence of myopia. There was also no sig-
nificant difference in refractive error between peo-
ple with or without diabetes, which is consistent with
the Beaver Dam Eye Study.S In contrast, a signifi-
cantly higher prevalence of myopia in diabetics as
compared to nondiabetics was found in two Danish
studies.>”® Up to the present, longitudinal prospec-
tive studies investigating the influence of smoking, hy-
pertension, and diabetes on refractive errer have not
been conducted.

There are some important limitations in the present
study. First, these data were cross-sectional, with all
parameters measured simultaneously. Therefore, it
is difficult to make conclusive statements about a
cause~effect relationship between refractive errors
and the educational level or sociceconomic factors.
A high education level may not only cause a myopic
shift in refraction, but it also seems likely that those
with myopia are more likely to choose a higher edu-
cation level or close work. Second, although we did
not have data on cataract status or family history of
refractive errors, several studies have indicated the
independent effect of family history'? and cataract
status®!! on refractive errors. Third, there was a se-
lection bias in our population. Because the examina-
tions of the NILS-LSA participants were performed
at the National Institute for Longevity Science, those
participants with limited activity level or living in an
institution may not have been able to travel and par-
ticipate in our survey, which may have influenced
our findings.

In conclusion, we showed the prevalence of refrac-
tive errors in a middle-aged and elderly Japanese
population. The frequency of myopia was 45.7% in
men and 38.3% in women, which are findings similar
to those in other Asian surveys and higher than those
found in black or white populations. As previously re-
ported, our study confirmed a higher prevalence of my-

456



12

opia among the younger population than the elderly. It
was also found that myopia was independently asso-
ciated with education level and socioeconomic factors.
Changing environmental factors, such as an increase in
close work, may be one of the reasons for the higher
prevalence of myopia in the younger generation.
Unfortunately, the cross-sectional approach in the
present study limits our conclusions. However, pro-
spective research by the NILS-LSA should provide
further information on myopia and its risk factors.
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Relationships of the Systolic Blood Pressure Response During Exercise With
Insulin Resistance, Obesity, and Endurance Fitness in Men With Type 2
Diabetes Mellitus

S. Kumagai, ¥. Kai, H. Hanada, K. Uezono, and H. Sasaki

The purpose of the present study was to investigate the relationships among the resting systolic (SBP) and diastolic blood
pressure (DBP) or SBP response during exercise with insulin resistance evaluated by a homeostasis model (HOMA-IR),
abdominal fat accumulation (visceral fat area [VFA], subcutaneous fat area [SFA]) by computed tomography {CT)}, and an
estimation of the maximal oxygen uptake {Vomax} in 63 Japanese middle-aged male patients with type 2 diabetes mellitus
(type 2 DM). Body mass index (BMI) and waist-to-hip ratio (WHR) in type 2 DM subjects were significantly higher than in
age-matched healthy male control subjects {n = 135) with normal glucose tolerance. Resting SBP (127.7 + 16.2 mm Hg v
119.4 + 13.0 mm Hg) and DBP (82.2 + 11.9mmHg v 76.8 + 9.4 mm Hg) levels, and the percentage of hypertension {20.6% v
1.5%) in type 2 DM subjects were significantly higher than in the control subjects (P < .05). According to a multiple regression
analysis for resting blood pressure in type 2 DM, VFA was found to be an independent predictor of SBP, while Vo,max and
HOMA-IR were independent predictors of DBP. In the controls, however, HOMA-IR was not found to be a significantly
independent predictor for either resting SBP or resting DBP. Measurement of the SBP response during graded exercise using
a ramp test was performed by an electrical braked cycle ergometer in 54 patients with type 2 DM only. The SBP was measured
at 15-second intervals during exercise. The exercise Intensity at the double product breaking point (DPBP), which strongly
correlated with the exercise intensity at the lactate threshold, was used as an index for the SBP response to standardized
exercise intensity. The SBP corresponding to exercise intensity at DPBP (SBP@DPBP) was evaluated as an index of the SBP
response to standardized exercise intensity. The change in SBP {ASBP = SBP@DPBP - resting SBP} was significantly and
positively associated with log area under the curve for glucose (log AUCPG} during a 75-g oral glucose tolerance test (OGTT).
In addition, ASBP significantly and negatively correlated with the log area under the curve for insulin {log AUCIRI} and log
AUCIRI/log AUCPG. Based on these results, insulin resistance was suggested to be independently associated with the resting

DEBP and SBP response to standardized exercise intensity in type 2 DM patients.

Copyright 2002, Elsevier Science (USA). All rights reserved.

T HAS BEEN postulated that insulin resistance or hyperin-
sulinemia might be an etiologic cause of hypertension.'?
Obese patients, especially those with visceral fat obesity, and
patients with type 2 diabetes mellitus (type 2 DM) frequently
demonstrate hypertension.3 In animal studies, spontaneously
hypertensive rats have been reported to have more insulin
resistance and/or hyperinsulinemia.* However, a few reports
have suggested that such insulin action as an etiologic cause of
hypertension may be independent of factors such as obesity and
glucose intolerance. For example, Modan et al® demonstrated
significantly higher glucose and insulin responses to a 75-g oral
glucose tolerance test (OGTT) in obese hypertensives com-
pared with obese normotensives. In addition, DeFronzo and
Ferrannini® reported that insulin sensitivity, as evaluated by a
hyperinsulinemic eugycemic clamp, in essential hypertension
patients was significantly lower than in normotensive controls
after matching for age and sex, and independent of obesity and
glucose intolerance.

Several cross-sectional studies observed a good correlation
between physical activity or endurance fitness (ie, maximal
oxygen uptake [Vo,max]) and resting blood pressure in healthy
men and women.” In addition, several prospective epidemio-
logic studies in normotensive subjects have demonstrated that
an exaggerated blood pressure response to a given and relative
exercise intensity®!! and a lower guintile of the Vo,max or
endurance capacity!? are good predictors for developing hyper-
tension. Aerobic exercise is recommended to be a useful anti-
hypertensive treatment for hypertensive patients with and with-
out obesity,!* and aerobic exercise training results in a
reduction of the blood pressure response to a given and relative
exercise intensity.'* The resting blood pressure fevel in hyper-
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tensive patients has also been shown to be significantly reduced
by exercise therapy, independent of weight loss.'S

However, there have been few reports concerning the con-
tribution of insulin resistance or hyperinsulinemia on blood
pressure at rest and during exercise in type 2 DM subjects, who
have insulin resistance as a pathophysiologic condition. Based
on the aforementioned evidence, we investigated the relation-
ships between resting blood pressure or blood pressure re-
sponse during exercise to insulin resistance, obesity indices,
and endurance fitness in Japanese male patients with type 2 DM
who had not yet been treated with any intervention therapy for
diabetes mellitus.

MATERIALS AND METHODS
Subjects
Age-matched Japanese male patients with type 2 DM (n = 63;
493 * 8.6 years) and control subjects with normal glucose tolerance

(n = 135; 48.4 = 5.4 years ) were selected for this study, Type 2 DM
was classified based on the criteria of the Japan Diabetes Society
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(1999) and was defined as a fasting glucose level = 126 mg/dL and/or
2-hour glucose level &= 200 mg/dL. None of the patients had been
taking any medication or receiving any intervention therapy such as
exercise or diet before participating in the present study. No subject had
a history of microalbuminuria. The duration of diabetes mellitus was
relatively short, ranging from 2 months to 2 years. The control subjects
were apparently healthy male employees working at a food company
located in southwestern Japan. Among this group, any subjects taking
medications that might affect their lipid and glucose metabolism or
resting blood pressure, as well as subjects with a fasting blood glucose
greater than 120 mg/dL, were excluded.'s All experiments and proce-
dures were approved by the Ethics Committee in the Institute of Health
Science, Kyushu University, We obtained informed congent from all
participants.

Obesity Indices

The anthropometric parameters of shoeless subjects wearing light
clothing in an upright position were measured by the same researcher.
Body mass index (BMI) was calculated as weight (in kilograms)
divided by height (in meters) squared. Skinfold thickness was measured
by Harpenden caliper to calculate the percentage of body fat (%Fat)
using the formula described by Brozek and Henschel!? after estimating
body density according to Nagamine and Suzuki'® The waist-to-hip
ratio (WHR) was used as an irdex of abdominal fat distribution. Waist
circumference was measured at the narrowest point between the rib
cage and the iliac crest, and hip circumference was measured at the
level of the greater trochanter. In addition to these obesity indices,
abdominal fat accumulation at the level of umblicus was measured by
computed tomography (CT) scan, and visceral fat area (VFA) and
subcutaneous fat area (SFA) were calculated in the type 2 DM patients
onty. Ordinary CT parameters were used, specifically 120 kV and 200
mA, and a slice thickness of 5 mm, scanning time of 2 seconds, and
field of view of 400 mm. Briefly, a region of interest of the subcuta-
neous fat layer was defined by tracing its contour on each scan, and the
attenuation range of the CT numbers (in Hounsfiled units) for fat tissue
was calculated. A histogram for fat tissue was computed based on the
mean attenuation = 2 SD. Total and intraperitoneal tissue with atten-
uation within the mean = 2 SD were considered to be the total fat area
and VFA. The SFA was calculated by subtracting the VFA from the
total fat area,

Estimated Maximal Oxygen Uptake

To evaluate the level of endurance fitness, Vo,max was calculated
by an indirect method using a cycle ercometer.!®

Blood Pressure Measurement at Rest and During Exercise

The resting systolic blood pressure (SBP) and diastolic blood pres-
sure (DBP) were measured indirectly using a mercury sphygmoma-
nometer placed on the right arm of the seated participant after at least
30 minutes of rest in both the type 2 DM and the control groups. The
SBP response to a linear-graded exercise test using a ramp test was
measured by an electrical braked cycle ergometer (Examiner Type 400,
Lode Co, Groningen, Netherlands) in the type 2 DM group only (n =
54). The work rate was initially set a 0 W and then was increased every
I minute by 15 W, while cycling at 60 rpm. The test was stopped when
the subject reached a relative perceived exertion score of 15 (hard).
Inspired and expired gases were analyzed by a computerized on-line
breath-by-breath system (System RM-300i, Minato Medical Science,
Osaka, Japan). Oxygen uptake (Vo,) was automatically and continu-
ously measured every 30 seconds using a mass spectrometer (WSMR-
1400, Westron, Chiba, Japan) for O, and CQ, fractions. Inspiratory and
expiratory flow rates were measured by a hot-wire flowmeter. SBP and
heart rate (HR) were measured wsing a modified automated blood
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pressure and HR monitor (CM-4001, Kyokko Bussan. Tokyo, Japan) -
during exercise. The cuff-pressure decreased to 0 mm Hg immediately
after determining the SBP and began to increase at 5-second intervals.
The double product. which is defined as an indirect indicator of the
myocardial oxygen demand, was calculated almost every 15 seconds
from the SBP and the HR corresponding to the time when the SBP was
measured. These measurements were done automatically and the data
were displayed on the monitor during exercise using a personal com-
puter (NEC PC980!, Tokyo, Jupan). The exercise intensity at the
double product breaking peint (DPBP), which was strongly correlated
with the exercise intensity at the lactate threshold, was used as an
index for the SBP response to standardized exercise intensity, Tanaka
et al™ reported that the Iest-retest mean difference in DPBP with
CM-4001 was not statistically significant, and that the correlation
coetficient between 2 tests was 0.95 (P < .05). The SBP corresponding
to the exercise intensity at BPDP (SBP@DPRBP) was evaluated. The
change in SBP (ASBP) was calculated as SBP@DPBP — resting SBP.
The test was continued until DPBP was detected by 2 researchers, This
exercise test was not performed on the control subjects.

Oral Glucose Tolerance Test

Blood samples were drawn from an antecubital vein after a 12-hour
fast to determine the fasting plasma glucose {FPG) and fasting insulin
(FIRI). Thereafter, a 75-g OGTT was conducted in type 2 DM patients
only and analyzed for plasma glucose and insulin. Blood samples were
taken at 0, 30, 60, 90, and 120 minutes. Plasma glucose and insulin
were measured by an enzymatic method and by radioimmunoassay
using an IRI Kit (Pharmacia, Uppsala, Sweden), respectively, The
plasma glucose area under the curve (AUCPG) and insulin area under
the curve (AUCIRI) were calculated by the trapezotdal rule using
absolute values. Insulin resistance (HOMA-IR) was evaluated using a
homeostasis model {(HOMA)?' based on the following formula:
FIRI(uU/mL) X FPG (mmol/mL)/22.5. A significant correlation has
been reported between HOMA-IR and insulin sensitivity evaluated by
hyperinsulinemic euglycemic glucose clamp in Japanese patients with
type 2 DM with fasting blood glucose levels ranging from 80 to 170
mg/dL.22 These resuits have also been reproduced by anather group of

Japanese researchers using similar samples of Japanese patients with
type 2 DM, 2324

Statistical Analysis

Results were expressed as the mean * SD. Linear correlation and
stepwise multiple regression analyses were used for statistical analysis
using the StatView software package. Because FIRI, AUCPG, and
AUCIRI were nat normally distributed, log-transformed values were
used. After log transformation, FIRI, AUCPG, and AUCIRI were
normally distributed. A probability value of less than .05 was consid-
ered to indicate statistical significance.

RESULTS

Table 1 shows the physical characteristics in both groups.
Both the BMI and WHR were significantly higher in the type 2
DM garoup than in the control group. Resting SBP (1277 =
16.2 mm Hg v 119.4 = 13.0 mm Hg) and DBP (822 + 11.9
mm Hg v 76.8 *9.4 mm Hg) were significantly higher in the
type 2 DM group than in the control group. The percentages of
hypertension evaluated by World Health Organization (WHQ)
criteria in the type 2 DM and control groups were 20.6% (n =
13} and 1.5% (n = 2), respectively (P < .05). No difference
between the groups was observed in Vo,max.

Table 2 shows the simple correlation coefficients in the
control and type 2 DM groups. In the type 2 DM group, the
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Table 1. Physical Characteristics of tha Control and Type 2
DM Groups

Control (n = 135) Type 2 DM {n = €3]

Age {yr) 48.4 + 54 43.3 £ 8.6
BMI (kg/m?) 23.0%23 25.3 = 3.9%
WHR 0.87 + 0.05 0.95 = 0.05*
%Fat (%) 19.0 = 6.3 203 +57
SFA (cm?) - 137.2 * 66.6
VFA (cm?) - 167.3 = 61.0
Vo,max (mLfkg/min} 345+ 4.2 34149
SBP {mm Hg} 119.4 =+ 13.0 127.7 = 16.2*
DBP {mm Hg) 768 =94 82.2°+ 11.9*
Hypertension (%) 1.5%{n = 2) 20.6% (n = 13)*
FPG (mg/dL) 891 7.6 156.4 % 36.6*
FIRI {pU/mL} 4.9 =25 7.6 *6.2%
HOMA-IRt 1.1+ 06 3.0=x28"
Insulinogenic index? - 0.13x0.14
AUCPG(mg/dL/h) - 748.7 £ 1639
AUCIRI {pU/mLM) - 79.5 + 67.3

Abbreviations: BMI, body mass index; WHR, waist-to-hip ratio; %
Fat, percentage of body fat; SFA, subcutaneous fat area; VFA, visceral
fat area; Vo,max, maximal oxygen uptake; SBP, systolic blood pres-
sure; DBP, diastolic blood pressure, FPG; fasting plasma glucoss, FIRI;
fasting insulin level, AUCPG; area under the curve for plasma glu-
cose; AUCIRI, area under the curve for plasma insulin.

P < 05

tHOMA-IR = FIR! (pU/mL} x FPG {mmol}/22.5.

#Insulinogenic index = {IR} at 30 min - FIRN/APG at 30 min - FPG)

resting SBP level was significantly and positively associated
with BMI, VFA, and log FIRI, and negatively with Vo, max.
Resting DBP was significantly and positively associated with
BMIL, %fat, VFA, SFA, log FIRI, log AUCIRI, and HOMA-IR,
and negatively with Vo,max. In the control group, resting SBP
was significantly and positively comrelated with age, BMI,
WHR, log FIRI, and HOMA-IR, and negatively with Vo,max.
Resting DBP was significantly and positively correlated with
BMI and WHR, and negatively with Vo,max.

Table 3 shows the results of stepwise multiple linear regres-
sion analyses with resting SBP and DBP as dependent vari-
ables. All regression models included the following factors as
potential independent variables; BMI, %fat, VFA, SFA,
Vo,max, HOMA-IR, and AUCIRI in the type 2 DM group, and
age, BMI, WHR, Vo.max, and HOMA-IR in the control group.
In addition to these independent variables, model A included
FIRI and mode! B included HOMA-IR. In the type 2 DM
group, VFA was a significant independent variable of resting
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Table 3. Results of Stepwise Multiple Regression Analysis for the
Resting SBP and DBP as Dependant Variables In the Control and
Type 2 DM Groups

Dependent Indapendent
Variables Variables at A2 far the Model
Control {n = 135}
SBP Age 0.22 0.08*
BM 0.22
pBP BMI 0.28 0.07*
Type 2 DM (n = 63}
SBP VFA 0.46 0.19*
DBP Vogrmax ~0.41% 0.31*
HOMA-IR 0.27
*P < .05,

*3: Regression coefficient. In the control group, the regression
models inciuded the following variables as potential independent
variables : age, BM!, WHR, Vo,max, and HOMA-R. In type 2 DM
group, the regression models included the following variables as
potential independent variables: BMI, %fat, VFA, SFA, Vo max,
HOMA-IR, and AUCIRL

SEP in both models. Resting DBP was independently associ-
ated with Vo,max and HOMA-IR, In the control group, how-
ever, insulin resistance was not associated with resting DBP.
Age and BMI were independent predictors of resting SBP, and
BMI was an independent predictor of resting DBP.

Table 4 lists some physical characteristics and physiologic
parameters corresponding to the exercise intensity at DPBP in
the type 2 DM group {(n = 54). SBP corresponding to the
exercise intensity at DPBP was 148.4 x 22.8 mm Hg.

Table 5 shows the ASBP to be significantly and positively
associated with log AUCPG and negatively with log AUCIRI
and log AUCIRVAUCPG (Fig 1}. On the other hand, age,
obesity indices, VOo,max, and resting SBP were not associated
with ASBP.

DISCUSSION

We demonstrated a significant correlation between insulin
resistance and resting DBP in the type 2 DM group only. In
addition, ASBP was significantly and positively associated with
log AUCPG as an index for glucose intolerance, while it was
negatively associated with log AUCIRI and log AUCIRI/
AUCPG as an indirect index for insulin sensitivity in the type
2 DM group.

Recently, several studies? reported the contribution of insu-
lin resistance or hyperinsulinemia to be one of the etiologic

Table 2. Simple Correlation Coefflcients in the Control and Type 2 DM Groups

Insulinogenic

Age Bmi %Fat WHR Vozmax Log FiRIT HOMA:-IR VFA SFA Index Log AUCIRI

Control (n = 135}

SBP 0.22* 022* 010 g.21* -0.18* 0.18* 0.19*

DBP 0.12 0.28* 017 0.22* —0.20* 0.13 0.14
Typa 2 DM {n = 63}

SBP 0.18 0.3a* 0.24 012 -0.33* 0.28* 0.24 0.46*%  0.22 0.10 0.22

DBP -0.09 0.49* 041 0.2 -0.51* 0.42* 0.44* 0.51*  0.40* 0.18 0.26*
*P < 05,

tLog-transformed for statistical testing.
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Table 4. Physical Characteristics of the Type 2 DM Group (n = 54)

Type 2 OM Group (o = 54}

Age {yr) 50,7 £ 106
Weight {kg} 705 %134
Height {cm) 166.8 6.9
BMI {kg/m?) 25342
WHR 0.9+05
%Fat 19.7 £ 5.8
SFA (em?) 1386 £ 70.7
VFA (cm?) 167.8 £ 65.9
Vo,max [mLikg/min} 341+ 52
SBD {mm Hg) 127.3+ 166
DBP {mm Hg) B15*1138
Vo, at DPBP {mL/kg/min} 1.7 £33
SBP at DPPP {mm Hg) 1484 + 228
Hypentension (%) 18.8% (n = 10}
A SBP {mm Hg) 269 + 180
FPG (mg/dL} 152.6 * 36.8
FIRI {pUimt} 7.8% 686
HOMA-IR 3029
Insulinogenic indax 0.15 £ 0,17
AUCPG {mg/dL/h} 11222+ 708.5
AUCIRI {uU/mL/h) B5.9 * 628
AUCIRIVAUCPG 0.11 = 0.12

Abbreviation: A SBP, changes from resting SBP to SBP at DPBFP.

causes of resting hypertension. However, cause and effect
between both variables is still unknown. There have been
conflicting findings concerning the resting blood pressure and
fasting insulin level or insulin sensitivity.26-3 The fasting in-
sulin [evel was more closely correlated with the resting DBP
than with the resting SBP.2627 Qther studies?®-3? did not show
any correlation between the fasting insulin level and either
resting SBP or resting DBP, We demonstrated that resting DBP
in the type 2 DM group was significantly and negatively
associated with Vo,max, while it was positively associated
with the index of insulin resistance.

The mechanism for the underlying link between resting DBP
and insulin resistance or hyperinsulinemia has been proposed
and partially demonstrated in several studies.?> However, the
mechanism mediating the vosodilator action of insulin remains
obscure at present. There is evidence for and against beth
systematic and local mechanisms.?® The systematic mechanism
includes sympathetic neural vasodilation and a humoral vaso-
dilator substance such as epinephrine and insulin in the absence
of increased circulating epinephrine levels. The potential local
mechanism included a S-adrenergic mechanism, endothelium-
dependent refaxation, stimulation of the sodium/potassium
pump with hyperpolarization of vascular muscle, increased

KUMAGAI ET AL

calcium-adenosine triphosphatase (Ca-ATPase) activity, and
metabolic vasodilation secondary to increased skeletal muscle
oxygen consumption.-2 However, the evidence for both vaso-
dilator mechanisms of insulin is conflicting.

Aoyama et al*! reporied that hyperinsulinemia as evaluated
by the insulin level 2 hours after a 75-g OGTT was one of the
independent predictors of resting SBP in Japanese middle-aged
men including normal healthy controls as well as subjects with
impaired glucose tolerance or type 2 DM. In contrast, we found
that the HOMA-IR was one of the independent predictors of
resting DBP. On the other hand, resting SBP in the type 2 DM
group was independently associated with VFA, but not with
insulin resistance or hyperinsulinemia.

In this study, we demonstrated that resting DBP in the type
2 DM group was significantly and negatively associated with
Vo,max and positively with insulin resistance. In this context,
Dengel et al? reported the independent and combined effects
of weight loss and aerobic exercise on resting blood pressure
and oral glucose tolerance in older men with obesity. They
demonstrated that serobic exercise and weight Joss were affec-
tive nonpharmacologic therapies to lower blood pressure and
alter glucose and insulin responses to an oral glucose challenge.
In addition, they found that the best predictor of changes in
SBP, DBP, and mean blood pressure after treatment is the
change in fasting blood glucose. Several studies™!3.1533 have
reported an improvement in insulin resistance or glucose intol-
erance, and in resting blood pressure after exercise therapy in
healthy subjects and patients with hypertension and diabetes
mellitus with and without obesity. However, few studies have
reported a link between the changes in insulin resistance and
resting blood pressure. Although our research design was a
cross-sectional study, our findings suggested that insulin resis-
tance and endurance fitness were good predictors of resting
DBP in type 2 DM. Further study is needed to clarify the effect
of insulin resistance on the improvement of resting blood
pressure in type 2 DM,

In addition to the correlation between resting DBP and
insulin resistance, a significant correlation was observed be-
tween ASBP and insulin resistance in type 2 DM. A few
studies3#3% were reported concerning the link between blood
pressure response during exercise and some risk factors for
atherosclerosis. Prud’homme et al34 demonstrated for the first
time in premenopausal obese women that the SBP response to
exercise intensity at 55% of an individual's Vo,max was inde-
pendently associated with total cholesterol, low-density 1i-
poprotein apoprotein B, and apoprotein B, but not with fasting
insulin. Recently, Brett et al®* demonstrated that changes in
DBP during gentle exercise are strongly assocjated with total

Table 5. Simple Corretation Coefficients in Type 2 DM Group {n = 54)

Age BMI %Fat WHR VFA SFA Vaopmax
A SBP 0.007 -0.205 -0.171 0.025 0,160 -0.232 0.271
. Log
SBP FPG Log FIRI HOMA-IR Log AUCPG Log AUCIRI AUCIRIVAUCPG
A 5BP -0.147 0,157 ~0.241 —-0.133 0.303* —-0.296" ~0.380*
*P< 05
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cholestero]l and insulin resistance estimated by homeostasis
model assessment in healthy active men. In addition, they
reported that the type 2 DM group had a significantly greater
DBP response to a given exercise intensity than the healthy
controls. However, they did not use the standard exercise
intensity for evaluating the blood pressure response during
exercise.

Our results indicate the possibility of the increased exercise
SBP in type 2 DM patients who have insulin resistance. The
SBP response to standardized exercise intensity (ASBP) was
significantly and positively associated with log AUCPG and
negatively with log AUCIRI and log AUCIRIVAUCPG. This
phenomenon suggested a significant association between insu-
lin resistance and the blood pressure response to exercise.
However, data concerning the contribution of insulin resistance
to the blood pressure response to exercise are still limited.

The mechanism underlying the significant correlation be-
tween exercising SBP and insulin resistance is still unknown.
As mentioned earlier, however, aerobic exercise training in-

duced a reduction in the resting blood pressure and the bloed
pressure response to a given and relative exercise intensity.'?
Several prospective epidemiclogic studies in normotensive
subjects have demonstrated that an exaggerated blood pressure
response to a given and relative exercise intensity®'! and a
lower quintile of Vo,max or endurance capacity'? are good
predictors for developing hypertension in the future, There are
numerous reports3? on the effect of exercise training for im-
. proving insulin resistance. However, there have been no studies
on the relationship between an improvement in insulin resis-
tance and the blood pressure response to exercise. Therefore,
further research is needed to investigate the effect of exercise
training on the relationship between the improvement in blood
pressure upon exercise and the change in either insulin resis-
tance or insulin action in patients with type 2 DM.

In summary, our findings suggest that insulin resistance was
independently and significantly associated with the resting
blood pressure and SBP response to standardized exercise
intensity in type 2 DM patients.
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