Hyperesthesia and Diabetes

samples of community-dwelling people (aged 40 to 79 years
old) who agreed to participate in Obu-shi and Higashiura-cho,
located in a suburb of Nagoya-shi, Japan. Detailed examina-
tions including medical evaluation, sensory aging evaluation,
body composition analyses, anthropometry, physical function
evaluation, nutritional analyses, and psychological tests were
conducted. The subjects in the present study were participants
of the examination of NILS-LSA from November 1997 to
March 2000.

Total number of participants in this study were 2,074 (male:
1,050, female: 1,024). Detailed information on the examina-
tion in NILS-LSA can be found at: http: //www.nils.go.jpfin-

dex-e.html. In the present study, the results of the question- .

naire, bleod pressure, body mass index (BMI), CPT test, and
chemical analyses, such as fasting plasma glucose (FPG),
glycated hemoglobin (HbA, ), fasting plasma insulin (FPI), total
cholesterol (TC), trigtyceride (TG), and HDL-cholesterol
(HDL-C), were used for statistical analyses. In addition, we
calculated the Homeostasis Model Assessment (HOMA) in-
dex as follows: HOMA index= (FPI) x (FPG)/405. If this in-
dex was 1.73 or more, then insulin resistance was defined to
exist (8).

Total subjects were divided into three categories according
to glucose metabolic status (normal, insulin resistance, and
diabetes) in each gender. Diabetes mellitus was defined when
their HbA,, was 26.5%, which corresponds to the diagnostic
criteria of diabetes of The Japan Diabetes Society (9), or they
were treated as diabetes mellitus. Then the remaining subjects
were categorized as normal or insulin resistance according to
HOMA index.

The definitions of other diseases were as follows; hyperten-
sion (HT) was defined when they were treated, or systolic blood
pressure was 2140 mmHg or diastolic blood pressure was 290
mmHg. Hypercholesterolemta (HCHOL) was defined when a
subject showed a TC level of 220 mg/d] or more. Hypertrigly-
ceridemia (HTG) was defined when the subjects showed a TG
leve! of 150 mg/dl or more. Hypo-HDL cholesterolemia
(hypoHDL) was defined when a level of HDL-C was lower
than 40 mg/dl. Subjects who drank 30 ml of ethanol (720 ml of
beer or 300 ml of wine, or 60 m! of 50% whisky) or more per
day were defined as having a drinking habit.

The CPT test is used to evaluate three different types of pe-
ripheral sensory nerve fibers (AP, Ad,and C fiber) quantita-
tively by stimulating three kinds of current frequency (2,000,
250, and 5 Hz) {6). The CPT testing was performed in a rela-
tively quiet room with the subject seated. The room was main-
tained at a comfortable temperature by air conditioner. The
stimulus site was located on the left index finger. The device
emits sinusoidal alternating currents at 2,000, 250 and 5 Hz at
intensities from O to 10 mA. This constant current output auto-
matically compensates for alterations in skin resistance and
provides a standardized stimulus independent of different skin
thickness, degree of skin dryness or perspiration, or drying of
the electrode paste (10). Electrical stimulus was initiatly in-
creased until a specific sensation was reported by the subject.
Short stimuli were then applied at progressively lower ampli-
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tudes until a minimal, but consistent threshold was detected.
One CPT value corresponded to 10 pA. All measurements of
CPT values for a single participant were carried out at one time
within an average period of about 5 minutes. The intra- and
interrater reliability in this method have been described else-
where (11).

Statistical analyses were performed with SAS statistical
package release 6.12 (SAS Institute Inc., Cary, NC, 1997).
Umezawa and coworkers defined hyperesthesia at a lower value
less than mean -1 standard deviation (S.D.), and hypoesthesia
when the CPT value was higher than mean+2 S.D. in non-dia-
betic subjects (12). Along with this definition, we calculated
the reference CPT value for hyper- and hypoesthesia, by using
the data from subjects, whose FPG was lower than 110 mg/dl
and HbA,_ was lower than 6.5%, without a history of diabetes
mellitus. With these reference values, CPT categories at three
frequencies in each subject were determined. Comparisons of
characteristics among the three categories were done with anaty-
sis of variance by the GLM procedure in continuous variables,
or with the Cochran-Mantel-Haenzel test (CMH test) by the
FREQ procedure in categorical variables. After excluding sub-
jects with hypoesthesia at each frequency, the rates of hyperes-
thesia in the three categories were also calculated, and the trend
between prevalence of hyperesthesia and glucose metabolic
categories was analyzed by CMH test controlled for age. We
performed age-adjusted multivariate logistic regression analy-
ses for investigating the associations between hyperesthesia and
glucose metabolic status in each gender. In these logistic analy-
ses, subjects with hypoesthesia were also excluded. CPT vari-
able was considered as the dependent variable coded O (nor-
mal CPT) and 1 (hyperesthesia), and glucose metabolic cat-
egories were used as independent variables.

Statistical significance was taken as p<0.03.

Results

The reference CPT values for hyper- and hypoesthesia at
three frequencies in both genders are shown in Table 1. By
using these reference values, CPT values of subjects were cat-
egorized as hypoesthesia, normal perception, or hyperesthesia
at each frequency. Table 2 shows the distribution of CPT val-
ues and the prevalence of hyper- and hypoesthesia in total sub-
jects. The numbers of males with hypoesthesia at the three fre-
quencies (2,000, 250, and 5 Hz) were 45, 42, and 43, respec-

Table 1. Reference CPT Values for Hyper- and Hypoesthesia

Males (n=774) Females {n=838)

Mean 8.D. Hyper Hypo Mean 5.D. Hyper Hypo
2000Hz 239 62 177> >363 240 63 177> =366
250 Hz 99 46 53> >19] 92 44 48> >180
5Hz 66 41 25> >148 54 35 19> 124

*8.D.: standard deviation, Hyper: hyperesthesia, Hypo: hypoesthesia.
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tively, and in females, 36, 36, and 34, respectively.

Table 3 shows the characteristics of total subjects according
to glucose metabolic status in both genders. Male and female
subjects with diabetes were older and had a higher prevalence
of hypertension than the rest of the groups. On the other hand,
the patterns of associations among the three categories regard-
ing the level of BMI or prevalence of dyslipidemia differed
between the genders.

Table 4 shows the prevalence of hyperesthesia at each fre-
quency in subjects according to glucose metabolic categories

Table 2, Distribution of CPT Values and Prevalence of Hyper-
and Hypoesthesia in Each Gender

Male (n=1,050)

Meant$.D, Max Min. Hyper! Hypo!
2,000 Hz 240162 515 54 13.2(139) 4.3 (45)
250 Hz 99445 436 4.5 12.0(126) 4.0(42)
5Hz 6539 444 2 9.4 (99) 4.1(43)
Female (n=1,024)

MeantS.D. Max. Min.  Hyper' Hypo'
2,000 Hz 240463 530 29 14.0(143) 3.5(36)
250 Hz 92445 413 51 144147y 3.5(36)
5Hz 54135 338 31 1204123) 3334

1% (number of subjects). *S.D.: standard deviation, Max.: maximum,
Min.: minimum, Hyper: hyperesthesia, Hypo: hypoesthesia.

in both genders. The subjects with hypoesthesia were excluded
in the subsequent analyses. In males, there were statistically
significant trends between impaired glucose metabolic status
and the prevalence of hyperesthesia at 2,000 and 250 Hz. In
females, the same trends were observed at 2,000 and 250 Hz.
Tests for trends in hyperesthesia at 5 Hz regarding glucose
metabolic impairment showed no statistical significance in ei-
ther gender.

Since the diabetic groups were of higher age than the other
groups in both genders, we conducted multivariate logistic re-
gression analysis controlled for age (Table 5). In this analysis,
hyperesthesia at 2,000 and 250 Hz were significantly associ-
ated with insulin resistance in males. In addition, the odds ra-
tio for hyperesthesia at 250 Hz in male diabetic subjects was
significantly high in this model. In females, significantly high
odds ratios for hyperesthesia at 2,000 and 250 Hz were seen in
diabetic subjects. Insulin resistance was not associated with
hyperesthesia at any frequency in females in this model. Hy-
peresthesia at S Hz was not associated with diabetes mellitus
or insulin resistance in either gender in this model.

In addition, we also performed logistic regression analyses
excluding patients who had been treated for diabetes (Table 5).
These analyses showed higher odds ratios for hyperesthesia at
2,000 and 250 Hz in male and female diabetic subjects com-
pared with corresponding groups in the previous analyses.

Discussion

In the present study, we examined the association between
hyperesthesia and glucose metabolic impairment in commu-
nity-dwelling people. Qur results indicate that the trends be-
tween glucose metabolic status and the prevalence of hyperes-
thesia at 2,000 and 250 Hz were significant in both genders in

Table 3. Characteristics of Subjects Subgrouped into Three Groups According to Glucose Metabolic Status in Both

Genders
Males Females

N IR D P value N IR D P value
Number 472 486 - 92 452 515 57
Age 58.6+11.1 58.8£109 62.819.5 <0.001 57.5£11.0  59.9+10.8 65.049.1 <0.01
BMI 21,7424 241426  23.213.2 <0.01 21,5425 23.943.4 24.8+3.9 <0.01
FPG (mg/dl) 9618.3 106£14.6 1574449  <0.001 92173 102+12.9 155£45.7 <0.001
HbA,, (%) 5.120.4 5.2+0.4 7.2¢1.3 <0.001 5.040.3 5.2:0.4 7.141.4 <0.001
Smoking (%) 42,4 344 38.0 n.s. 86 5.8 35 <005
Drinking (%) 39.4 36.0 31.5 n.s. 33 43 35 n.s.
HT (%) 21.0 4.6 413 <0.01 193 38.5 66.7 <0.01
HCHOL (%) 37.5 44.2 41.3 n.s. 51.1 61.8 54.4 <0.05
HTG (%) 16.5 383 359 <0.01 8.6 249 333 <0.01
hypoHDL (%) 51 115 5.4 <0.05 0.9 16 35 n.s.

P value from analysis of variance was used for continuous variables; Cochran-Mantel-Haenzel test (CMH test) was used for
categorical variables, These analyses were used to test for overall differences among three groups, Data are means *standard
deviation or percentage. n.s.: not significant, N: normal, IR: insulin resistance, D: diabetes HCHOL: hypercholesterolemia,
HTG: hypertriglyceridemia, hypoHDL: hypo HDL cholesterclemia.

1126

Internal Medicine Vol. 41, No. 12 (December 2002}

265



Table 5. Odds Ratio (OR) and 95% Confidence Interval (CI) of
Hyperesthesia at Three Frequencies for Those Who had

Hyperesthesia and Diabetes

Table 4, Prevalence of Hyperesthesia According to Diabetic Category in Both

Genders

Males

N D P for trend*
2,000 Hz 11.0 (49/447) 16.5 (78/473) 14.1 (12/85) P<0.05
250Hz 9.4 (42/446) 14.8 (70/472) 15.6 (14/90) P<0.05
5Hz 9.3 (42/451) 10.8 (50/465) 7.7(791) n.s.
Females

N IR D P for trend*
2,000 Hz 13.1 (57/436) 14.9 (74/498) 22.2(12/54) P<0.05
250 Hz 14.0 (61/435) 14.6 (73/500) 24.5(13/53) P<0.05
5Hz 11.7 (51/436) 12.6 (63/499) 16.4 (9/55) n.s.

% (number; subjects with hyperesthesia/total subjects excluding subjects with
hypoesthesia). N: normal, IR: insulin resistance, D: diabetes, n.s.: not significant.
*P for trend was assessed with CMH test controlled for age.

Insulin Resistance or Diabetes

Mates Females
OR* (95% CI) OR* (95% CI)
All subjects
2000Hz N reference reference
IR 1.64 (1.11-2.41)* 1.25 (0.86-1.83)
D 1.56 (0.78-3.11) 2.42(1,18-4.97)*
250Hz N reference reference
IR 1.71 (1.14-2.58)* 1.14 (0.79-1.65)
D 2.09 (1.07-4.05)* 2.65 (1.31-5.37)**
5Hz N reference reference
IR 1.17 (0.76-1.81) 1.09 (0.74-1.62)
D 0.79 (0.34-1.83) 1.48 (0.68-3.24)
Subjects excluded patients who had been treated as diabetes***
2,000Hz N reference reference
IR 1.64 (1.11-2.41)* 1,25 (0.86-1.83)
D 3.66 (1.51-8.88)** 2.81 (0.85-9.24)
250Hz N reference reference
IR 1.71 (1.14-2.58)** 1.14 (0.79-1.65)
D 2.92 (1.11-7.70)* 4,90 (1.65-14.56)**
SHz N reference reference
IR 1.17 (0.76-1.81) 1.09 (0.74-1.62)
D 1.15 (0.33-3.98) 1.75 (0.48-6.38)

N: normal, IR: insulin resistance, D: diabetes. *controlled for age.
*: P<0.05, **: P<0.01, ***: 63 male and 4] female diabetic patients

were excluded.
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CMH test controlled for age. In addition, there were signifi-
cantly high odds ratios for hyperesthesia at 2,000 and 250 Hz
in female diabetic subjects, and at 250 Hz in male diabetic
subjects in age-adjusted logistic regression analyses. These
results could be interpreted to indicate that hyperesthesia de-
velops in association with occurrence of glucose metabolic
impairment in a community-dwelling population.

Dyck and coworkers reported that hyperesthesia is notewor-
thy as an initial symptom of diabetic polyneuropathy (3). Ani-
mal studies have demonstrated that Wallerian degeneration with
macrophage influx is associated with the development of hy-
peresthesia (13). Although there has been no pathological in-
vestigation into the hyperesthetic state in human beings, the
present results and the available evidence support the notion
that hyperesthesia in the CPT test may be an initial sign of
peripheral nerve impairment in diabetic patients.

In one clinic-based study using the CPT test, Umezawa and
coworkers reported that approximately 40% of diabetic patients
without overt neuropathy suffer from hyperesthesia (12). Com-
pared with their result, the prevalence of hyperesthesia in dia-
betic subjects was lower in the present study. In our study, the
rates of hyperesthesia in diabetic subjects ranged from 14 to
22% at 2,000 Hz, and from 16 to 25% at 250 Hz. This discrep-
ancy could be explained by the difference in research design
and CPT measurement between these two studies. One pos-
sible reason is the difference in subjects’ characteristics be-
tween these two studies. In the present study, participants were
recruited from a community-based population. It is possible
that they might suffer diabetic complications to a lesser extent
than those from a clinic-based population.

Another possible reason is that the location site of electrodes
might have affected the prevalence of hyperesthesia in the dia-
betic subjects in this study. Umezawa and coworkers measured
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the CPT values at the toes (12), whereas we measured CPT
values on the index fingers. In case of minimal symptoms or
signs of diabetic neuropathies, the distal lower extremity re-
sponses are more commonly abnormal than upper extremity
responses by electrodiagnostic examination (1). Thus, measure-
ment at the finger may be related to the lower prevalence of
hyperesthesia in diabetes in this study.

In the present study, there was no relationship between im-
paired glucose metabolic status and hyperesthesia at 5 Hz,
which is assoctated with C fiber function, in both genders, C
fibers have a smaller nerve diameter than AP and A8 fibers. In
diabetes mellitus, smaller fibers are more prone to be affected
than larger fibers (14, 15). Umezawa and coworkers reported
that hyperesthesia at 5 Hz was associated with diabetes melli-
tus in their clinic-based study (12).

There are two possible explanations for this inconsistency
between our results and the previous knowledge. The first is
due to a characteristic of CPT test at 5 Hz, which shows larger
variability in CPT values than other frequencies. As previously
described, the coefficient of variation of CPT measures was
frequency dependent, with the smallest coefficient of variation
at 2,000 Hz and the largest at 5 Hz (16). To clarify the associa-
tion between hyperesthesia at 5 Hz and glucose metabolic im-
pairmient in a community-based population, a larger number
of subjects is necessary to obtain adequate statistical power
compared with other frequencies. The lack of a sufficient nam-
ber of diabetic subjects in our study might lead to non-signifi-
cant association between hyperesthesia at 5 Hz and impaired
glucose metabolic status.

The second possibility is that the location site of electrodes
might affect the results. There is a significant difference in CPT
values between the upper and lower limbs (17). The difference
of location site might also influence this inconsistency.

In the present study, there seems to be a gender difference
in the association between hyperesthesia and impaired glucose
metabolic status. In logistic regression analyses, significantly
high odds ratios of hyperesthesia at 2,000 and 250 Hz in fe-
male subjects with diabetes were seen in the age-adjusted
model. On the other hand, in males, insulin resistance was as-
sociated with hyperesthesia at those frequencies, but diabetes
was only associated with hyperesthesia at 250 Hz.

While little is known about the development of hyperesthe-
sia in the course of diabetes mellitus, several epidemiologic
studies reported that males are more prone to suffer diabetic
neuropathy compared with females (4, 18, 19). Additionally,
one report indicated the possibility that males experience sen-
sory disturbance earlier in the course of diabetes compared with
femnales (18). Taking into account the hypothesis that hyperes-
thesia may be an indicator of diabetic neuropathy, it seems
reasonable that the gender difference in susceptibility for dia-
betic neuropathy may affect the results of the present study.

Since insulin resistance is known to be a risk factor for dia-
betes (20}, it is possible that there exist mild diabetic subjects

.in insulin resistance groups. In males, multivariate logistic
‘analysis showed that insulin resistance was associated with
hyperesthesia at 2,000 and 250 Hz, however, there was no as-
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sociation between insulin resistance and hyperesthesia at those
frequencies in females, These results were compatible with the
notion that males suffer from diabetic neuropathy earlier in
the course of diabetes than females.

In multivariate logistic analyses, there was no significant
odds ratio at 2,000 Hz in male diabetic subjects, on the other
hand, a significant odds ratio was seen in female diabetic sub-
jects. These results could be also explained by gender differ-
ence in the course of development of diabetic neuropathy. Pre-
vious studies reported that patients with progressive state of
diabetic neuropathy showed significantly higher CPT values,
which indicate hypoestheia, compared with normal subjects
(21). It is conceivable that diabetic patients may show pseudo
normal CPT values for a time in the course from hyperesthesia
to hypoesthesia with the deterioration of diabetic neuropathy.
In this study, we also calculated age-adjusted logistic regres-
sion analyses excluding subjects who had been treated as dia-
betes to eliminate subjects with a long history of the disease.
In these analyses, the odds ratio at 2,000 Hz in male diabetic
subjects was 3.66 (95% CI, 1.51 to 8.88) with statistical sig-
nificance. The corresponding odds ratio in females was 2.81
{55% Cl, 0.85 to 9.24), which was higher than the previous
method but not statistically significant due to the reduced num-
ber of subjects. It would be logical to speculate that the non-
significant odds ratio at 2,000 Hz in male diabetic subjects in
the previous method might be attributed to the increase of CPT
values in diabetic patients with a long duration of the disease.
Thus, the observed gender difference of the odds ratios at 2,000
Hz in diabetic groups may be ascribed to the gender dissimi-
larity in the course of development of diabetic neuropathy.

There are some limitations in this study. First, the notion,
that hyperesthesia detected by the CPT test may be the initial
symptom of nerve fiber impairment, is not based on pathologi-
cal findings. There has been no pathological report regarding
hyperesthesia by CPT test in human beings. In addition, abil-
ity of CPT test to measure selective sensory nerve fiber func-
tion abnormality has also not been validated by pathological
examination. Thus, the results of this study should be cautiously
interpreted until pathological examination is used to clarify
the meaning of hyperesthesia detected by CPT test in diabetic
patients. The second limitation is the lack of precise neuro-
logical examination for the participants. To distinguish hyper-
esthesia in the normal group from that in the diabetic group,
another quantitative sensory examination is needed. Further
investigation should be carried out to clarify this issue, The
third limitation is the validity of CPT values in determining
the criteria of hyperesthesia in both genders. In this study, we
defined hyperesthesia at a lower value, less than mean -1 S.D.,
in non-diabetic subjects. However, the CPT values in the three
frequencies, especially at 250 and 5 Hz, in both genders did
not show normal distribution, and they might lead to the ob-
served gender differences in the prevalence of hyperesthesia in
nommal, insulin resistance, or diabetic groups. To determine the
appropriate CPT values for hyperesthesia, another method might
be employed. The fourth limitation is that the research design
in this study was cross-sectional. In the cross-sectional study
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model, we could not determine whether glucose metabolic
impairment emerged prior to hyperesthesia by CPT test. How-
ever, the tests for trends in hyperesthesia at 2,000 and 250 Hz
regarding glucose metabolic impairment were significant, sup-
porting the notion that hyperesthesia develops accompanied by
glucose metabolic impairment. A longitudinal study is needed
to address this relationship.

The present study provides new information about the rela-
tionship between hyperesthesia with CPT test and glucose
metabolic status. First, hyperesthesta at 2,000 and 250 Hz were
associated with impaired glucose metabolic status in a com-
munity-based population. Second, our result suggested that a
gender difference might exist in the associatiori between hy-
peresthesia and glucose metabolic impairment. Recently, one
study reported that hyperesthesia occurs in mild diabetic poly-
neuropathy, suggesting it might be attributed to impairment of
diabetic polyneuropathy (3). Further study is necessary to ex-
amine the possibility that hyperesthesia as revealed by the CPT
test may be a useful marker of diabetic polyneuropathy.
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Abstract

Purpose. Previous cross-sectional Japanese studies have
shown that intraocular pressure (IOP) decreases with age.
However, central corneal thickness (CCT) variation should
also be considered when examining the relationship between

age and IOP, since tonometry has an inherent measurement -

error due to CCT variations. This study investigates the
influence of CCT variation on the age-IOP relationship in
a Japanese population.

Methods. The right eyes of 1317 subjects from 40 to 80 years
old selected from a general population using a random sam-
pling method were assessed in cross-section. The IOP was
measured with a non-contact tonometer, and CCT was mea-
sured with a specular microscope. The relationships between
age, IOP, and CCT were assessed using correlation analyses,
while the relationship between age and IOP controlled for
CCT, blood pressure, and body mass index was investigated
using multivariate regression analyses.

Results. The mean (+ SD) IOP value was 13.6 (+ 2.6) mmHg
in men and 13.3 (+ 2.6) mmHg in women. The IOP
correlated inversely with age in men (r = ~0.14, p < 0.001),
but showed only a marginal inverse correlation in women
(r = —0.07, p = 0.066). The mean (+ SD) CCT value
was 518.3 (£ 33.2) um in men and 511.1 (* 33.0) um
in women. Only in men was an inverse correlation seen
between CCT and age (r = =0.10, p = 0.009), but both
genders had positive correlations between CCT and IOP
(man: r = 0.44, p < 0.001; woman: r = 0.48, p < 0.001). In
multivariate analyses, CCT was shown to have an effect on
IOP measurement, however, it was shown that IOP still
decreases with age in both sexes even when adjusted for CCT
{p = 0.001}.

Conclusions. The I0P decreases with age in the Japanese,
and CCT variation has practically no effect on the unique
age-1OP relationship.

Keywords: age; corneal thickness; intraccular pressure;
population-based study

Introduction

In cross-sectional analyses, a positive correlation between
age and intraocular pressure (IOP) has been reported in black
and white populations,'® while an inverse association was
found in Japanese population studies.” The reason for this
contrast in the age-IOP relationship between Japanese and
other populations seemed to be related to blood pressure and
obesity: the Japanese population tended to be less hyperten-
sive and less obese with age than the other populations, and
blood pressure and obesity have been demaonstrated as having
a positive association with IOP7 Qur previous study in a
Japanese population also showed a similar inverse associa-
tion between age and IOP in a cross-sectional setting,
although following the individual subjects over a longer time
showed IOP did increase with advancing age."

Variation in central corneal thickness (CCT) was assumed
to be one of the reasons for this difference in IOP between
populations for several reasons: 1) CCT has an important
influence on IOP measurement, with thin corneas producing
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falsely low readings,''™ 2) there was a significant decrease
in CCT with age in a Japanese population, and 3) a sig-
nificant positive correlation was identified between IOP
and CCT."™ In the present study, therefore, we measured
IOP and CCT in a general Japanese population and investi-
gated the influence of CCT variation on the relationship
between age and IOP to examine this assumption.

Materials and methods

We measured the IOP and CCT of 1317 subjects (680 men
and 637 women) as part of the National Institute for
Longevity Sciences — the Longitudinal Study of Aging pro-
gram (NILS-LSA) from April 1999 to November 2000. The
subjects were randomly selected from the general popu-
lation stratified by age and gender. Their ages ranged from
40 to 80 years. A detailed description of the sampling scheme
has been reported elsewhere.'” The NILS-LSA consists of
clinical evaluations, body composition and anthropometry,
physical function, nutritional analysis, and psychological
tests. All procedures for the study were reviewed by the
Ethical Committee of the Chubu National Hospital, and
written informed consent was obtained from all subjects. The
NILS-LSA participants who had a history of eye surgery or
current users of contact lenses were excluded from the
present study.

IOP was measured three times with a non-contact tonome-
ter (NT-3000; Nidek, Gamagori, Japan} between 9:00 a.m.
and 12:00 a.m, and the mean value of the three measure-
ments was used for analysis. The tonometer was periodically

calibrated. Following the IOP measurements, CCT was

measured with a Topcon specular microscope (SP-2000P;
Topcon, Tokyo, Japan) which uses non-contact optical
pachymetry to focus automatically on the epithelial and
endothelial surfaces along with the optical axis of the eye.
The device has been reported to be accurate and repro-
ducible,” including when it was used in our previous study
for the NILS-LSA.* Because there was a high correlation
between left and right eyes for both IOP {r=0.82, p < 0.0001)

and CCT (r = 0.92, p < 0.0001) in our subjects, the values of
IOP and CCT from the right eye only were used for analy-
ses in the present study.

Height and weight were measured according to a stan-
dardized protocol, and body mass index was calculated by
dividing weight (in kilograms) by height squared (in meters).
Systolic and diastolic blood pressures were measured with
a standard mercury sphygmomanometer on the right arm
between 9:00 a.m. and 12:00 a.m.

All statistical analyses were performed by gender using
the Statistical Analysis System (SAS) release 6.12,2 with the
study population data presented as the mean and SD. Com-
parisons of mean IOP and CCT by gender were performed
by the Student’s ¢ test. The correlations among age, IOP, CCT,
blood pressure, and body mass index were calculated as
Pearson’s correlation coefficients. Subsequently, the corre-
lates of IOP were estimated by multiple linear regression
analyses,

Results

Mean values for age, IOP, CCT, systolic blood pressure, dias-
tolic blood pressure, and body mass index are shown by
gender in Table 1. Men in this sample, on average, had sig-
nificantly higher IOP (p = 0.037) and CCT (p < 0.001) than
women.

Table 2 shows the age and gender specific IOPs and CCTs.
In men, both IOP and CCT significantly decreased with age
(r = —0.14, 95% confidence interval (CI): —-0.21, -0.07;r =
-0.10, 95% CI: -0.17, —0.03, respectively). In women, there
was also a marginal inverse correlation between age and
I0P (r =-0.07, 95% CI: -0.15, 0.01), though no significant
association between age and CCT was detectable.

In Table 3, we summarize the results of correlation analy-
ses for age, IOF, CCT, and the other variables considered.
There was a strong positive association between I0P and
CCT in both men and women (r = 0.44, 95% CI: 0.38, 0.50;
r = (.48, 95% CI: 0.42, 0.54, respectively). There was also a
significant positive association between IOP and systolic

Table 1. Characteristics of the subjects.
Men Women Total
{n=680) (n=637) (n=1317)
Mean sD Mean SD Mean SD

Age (years) 59.8 10.5 59.6 10.5 59.7 10.5
Intraocular pressure {mmHg) 13.6 2.6 133 2.6 13.4 2.6
Central corneal thickness (1m) 3183 33.2 5111 325 514.8 330
Systolic blood pressure (mmHg) 122.8 183 123.2 20.5 123.0 19.4

Diastolic blood pressure (tnmHg) 76.0
Body mass index (Kg/m?") 23.1

10.9 74.4 I.6 752 11.3
2.7 229 31 23.0 2.9

SD: standard deviation,
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Table 2. Age and gender specific intraocular pressure and central corneal thickness.
Age group (years) Men Women
n IOP (mmEg) CCT (um) n IOP (mmHg) CCT (um)
mean SD mean SD mearn SD mean SD
403-49 157 14.18 2.62 5213 30 133 13.53 2.82 5123 36.2
50-59 162 13.62 2.66 522.4 3Li 183 13.29 2.64 509.3 377
60-69 209 13.29 2.40 515.1 315 176 13.20 2.52 515.0 322
70-80 152 13.32 2.84 5152 370 145 13.07 2.50 507.5 27.2
[OP: intraocular pressure.
CCT: central corneal thickness.
SD: standard deviation.
Table 3. Simple Pearson’s correlation coefficients for intraocular pressure and covariates.
Men {n = 680) Women (n = 637)
Age Intraocular Central corneal Age Intraccular Central corneal
pressure thickness pressure thickness
Age 1.000 1.000
Intraccular pressure —0.140%+#* 1.000 -0.073" 1.000
Central corneal thickness —0.100** 0.441%*+ 1.000 -0.019 0.480*** 1.000
Systolic blood pressure 0.137%** 0.178%»* 0.034 0.263**+ 0.228%** 0.060
Diastolic biood pressure 0.011 0.201%* 0.055 0.160%** 0.210%** 0.062
Body mass index ~0.135%** 0.140%** 0.033 0.023 0.088* 0.036
hp<0.10.
*:p<0.05
**.p <001,
e p < 0.001.
blood pressure, diastolic blood pressure, and body mass Discussion

index, whereas no association could be found between CCT
and systolic or diastolic blood pressures, or body mass index
in either men or women.

In Table 4, we present results from the multipie regres-
sion analyses using IOP as the dependent variable. In both
genders, CCT and systolic blood pressure were positively
associated, age was inversely associated, and body mass
index had no significant association with IOP. Diastolic blood
pressure was excluded from these analyses because there was
a high correlation between the systolic and diastolic blood
pressures in both men (r = 0.89) and women (r = 0.90). These
multivariate analyses showed that a change in corneal thick-
ness by 10tm would alter the measured IOP by 0.34 mmHg
(95% CI: 0.28, 0.39) and 0.37mmHg (95% CI: 0.32, 0.42)
in men and women, respectively. It also showed that a
change in age by a decade would alter the measured IOP by
-0.28 mmHtg (95% CI: -0.45, —0.11) and ~0.30mmHg (55%
CIL: -0.48, -0.13) in men and women, respectively.
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This study was based on a population-based sample of adult
Japanese and found that there are significant inverse associ-
ations between age and IOP in both men and women after
adjusting for CCT, blood pressure, and obesity. The [OP is
an essential physiological parameter for diagnosis and man-
agement of glaucoma. Goldmann applanation tonometry is
one of the most common methods used for measuring IQP
worldwide, even though many factors such as tear film, shape
of the anterior cornea, corneal thickness, or scleral rigidity
can influence its accuracy in healthy corneas. It has been sug-
gested that CCT is a major source of error in applanation
tonometry:'>#* a thick cornea leading to an overestimation of
IOP, and a thin one leading to an underestimation.'"'*'® Pre-
vious studies suggested a range of error for Goldmann appla-
nation tonometry between 0.11 and 0.71 mmHg for every
10pm of deviation from a normal CCT measurement.? A
non-contact tonometer uses the fundamental principles of
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Table 4. Multiple linear regression coefficients for intraocular pressure in men and women.

Men (n = 680) Women (n = 637)
Parameter Standard error p value Parameter Standard error p value
estimate estimate
Age (years) -0.028 0.009 0.00! -0.030 0.009 0.001
Central corneal thickness (um) 0.034 0.003 <0.001 0.037 0.003 <0.001
Systolic blood pressure (mmHg) 0.023 0.005 <0.001 0.029 0.003 <0.001
Body mass index (Kg/m?) 0.064 0.034 0.062 0.005 0.030 0.862
Adjusted R? 0.235 <0.001 0.280 <0.001

applanation tonometry with a wider applanation area. There-
fore, it has been suggested that non-contact tonometry is
influenced even more than Goldmann applanation tonometry
by the corneal thickness.”** Our results also showed that an
increase in CCT of 10um was associated with an increase
in IOP when measured with a non-contact tonometer
(0.34mmHg in men and 0.37mmHg in women). Thus, it
seems that the true relationship between age and IOP can be
fully investigated when taking into account the error in IOP
measurements due to CCT variation.

Several cross-sectional studies showed that IOP decreased
with advancing age in Japanese populations.”” In contrast,
IOP was sustained or increased with advancing age in black
and white populations.'® Similarly, there was a significant
decrease in CCT with advancing age in Japanese popula-
tions,"* although the association was rarely significant in
white populations,'®® Therefore, it would not seem appro-
priate to compare the effect of aging on IOP ameng differ-
ent races without also considering the effect that CCT
variation has on IOP readings. As shown in Table 4, since the
inverse association between age and JOP was detected even
after controlling for CCT, the difference in the age-specific
CCT between Japanese and other populations is an unlikely
explanation for the contrasting age-1OP relationship between
these populations.

Previous studies have shown that blood pressure and
obesity have independent, positive associations with IOP7"2*
and age,**' and the positive association between age and IOP
disappeared in a white population when cardiovascular risk
variables were taken into account.?’* Therefore, the effects
of blood pressure and obesity should be considered when
investigating the relationship between age and IOP. Because
the present study also showed that IOP correlated positively
to systolic blood pressure, diastolic blood pressure, and body
mass index as an indicator of obesity, these variables were
adjusted in our multiple linear regression analyses.

In the present study, we measured IOP and CCT in
middle-aged and elderly Japanese. Consistent with previous
Japanese studies, IOP and CCT decreased with advancing
age, especially in men, and there is a strong positive associ-
ation between IOP and CCT in both men and women. Qur
multivariable analysis shows that CCT does have an effect
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on IOP measurements, however, even when controlled for
CCT, IOP still decreases with advancing age. We conclude
that IOP does decrease with advancing age in this Japanese
population and that CCT variation has practically no effect
on this unique age-IOP relationship.
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