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Goldmann perimetry, as stipulated in the Japanese crit_eria.
Visual impairment is assessed by summing the visual
acuities in both eyes in Japan, which is different from the
criteria of WHO and other countries. In the WHO classifi-
cation, visual impairment is also assessed by both visual
acuity and visual field testing, and visual field loss is based
on the results of a Bjerrum screen, a simple apparatus for
standardized perimetry® The low vision criteria (<03 in
the better eye) in the WHO classification based on visual
acuity seems convenient for assessing visual impairment
worldwide, including developing countries. However, it
seems reasonable that stricter criteria for visual impairment
should be adopted, in addition to the WHO criteria, to
investigate the risk factors for visual impairment in devel-
oped countries.

Two relative limitations of the present study are noted.
First, the cause of visual impairment was not investigated.
Previous surveys’®10%23 have shown that the leading cause
of visual impairment in white populations was age-related
macular degeneration, and in black populations it was
cataract, In Japan, it was reported that the main causes of
blindness were diabetic retinopathy, cataract, and glau-
coma.! As mentioned above, we considered cataract a main
factor accounting for the association between visual impair-
ment and the independent predictors (older age, myopia,
low education). However, the true cause of visual impair-
ment in our population has not been identified. Second, it
seems likely that there is a selection bias in our population.
Because the examinations of the NILS-LSA are performed
at the research center, those with low physical abilities
(including blindness) or those living in an institution are
unlikely to participate in our survey, which may influence
our findings. However, it is reasonable to conclude that our
findings accurately represent the range of visual acuity
among the community-dwelling middle-aged, and elderly,as
most of them are self-supporting.

Despite the acknowledged limitations of our approach,
we conclude that the visual impairment rate in our popula-
tion is considerably lower than the rates for populations in
other surveys. In addition to racial differences, a difference
in lifestyle and environment, such as food intake or expo-
sure to sunlight, may be responsible for the different visual
impairment rates. The medical insurance system in Japan
may also allow those with a lower sociceconomic status to
avail themselves of appropriate eye care, which may
decrease the prevalence of visual impairment in the Japan-
ese compared to that for other nationalities.

We also reported previously on the higher prevalence of
myopia in the younger population® and emphasize here
that the presence of myopia is a significant risk factor for
visual impairment. Further study of this relation may help
prevent future visual impairment for those who have
myopia at a young age.
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Abstract

The current study was conducted to investigate the cognitive function in Japanese elderly with type 2 diabetes mellitus (DM). Participants
included 69 diabetic and 27 nondiabetic subjects (60 to 85 years old). The cognitive functional tests conducted were the Mini-Mental State
Examination (MMSE), Word Lists Recall (immediate, delayed), Digit Symbol Test (Wechsler Adult Intelligence Scale—Revised [WAIS-R]),
and the Stroop Color Word Test. Hemoglobin Alc (HbAlc) was measured as the index of glycemic control, and information about recent
hypoglycemic episodes was gathered by using questionnaires. Student’s ¢ test showed that DM subjects had significantly lower scores in the
MMSE (P<.01) and Digit Symbol Test (P <.05) than non-DM subjects. The scores of the Digit Symbol Test in diabetes subjects had a
significant negative relationship with HbAlc {r=~ .433; P<.001), and insulin-use had a significant relationship with the scores of the
MMSE and Digit Symbol Test. Subjects in the DM group were further divided by insulin use. Comparison of insulin-treated DM subjects,
non-insulin-treated DM subjects, and nondiabetic subjects by analysis of variance followed by Bonferroni's post hoo test showed that insulin--
treated DM subjects had significantly lower scores in the MMSE and Digit Symbol Tests than both non-insulin-treated DM subjects (P <.05)

and nondiabetic subjects ¢ P<.01). Our study suggests that Japanese elderly DM subjects, especially those with insulin treatment, have poor
cognitive function.

© 2004 Elsevier Inc. All rights reserved.

Keywords: Digit Symbo! Test; MMSE; HbA l¢; Insulin; Hypoglycemia

1. Introduction 1985). These studies have been performed mainly in West-

em countries. Because cognitive functional tests are based
on language communication, studies should be perfonned
using subjects with different genetic and cultural back-
grounds in different languages.

Among the factors invelved in the mechanism of cogni-
tive impairment in DM subjects, glycemic control may be
one of the most important (Gradman et al., 1993; Meneilly,
Cheung, Tessier, Yakura, & Tuckko, 1993). Few studies
have investigated the relationship between glycemic control
and cognitive function in DM patients. However, one study

Cognitive function in elderly diabetes mellitus (DM)
subjects has been of interest for more than 80 years and
has been explored in several studies; however, the outcomes
of these studies have not been entirely conclusive (Strachan,
Deary, Ewing, & Frier, 1997). Although most studies have
concluded that cognitive performance is werse in elderly
DM subjects (Gradman, Laws, Thompson, & Reaven, 1993;
Miles & Root, 1922; Perlmuter et al., 1984; Reaven,
Thompson, Nahum, & Haskins, 1990), some studies have

reported that cognitive function in type 2 DM subjects is
comparable to that in non-DM subjects (Atiea, Moses, &
Sinclair, 1995; Mattlar, Falck, Ronnemaa, & Hyyppa,

* Comresponding author. Tel.: +81-52-744-2365; fax: +81-52-744-2371.
E-mail address: umegski@med.nagoya-u.acjp (H. Umegaki).

- 1056-8727/04/8 — see front matter © 2004 Elsevier Inc. All rights reserved.

doi:10.1016/81056-8727(03)00078-3

reported that glycemic control, as measured by hemoglobin
Alc {HbAlc) levels, showed a significant negative corxela-
tion with cognitive function in DM patients (Reaven et al.,
19590}. Another reported that oral hypoglycemic medication
improved some domains of cognitive ability (attention/con-
centration, new learning, and problem solving) (Gradman
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et al., 1993). To maintain glycemic control, a combination of
several kinds of treatments—including diet regulation, oral
medication, and/or insulin treatment—is needed for DM
patients. Large prospective studies have shown that persons
with DM are at an increased risk of developing dementia,
inciuding Alzheimer’s disease, particularly when treated
with insulin (Ott et al., 1996, 1999). However, the effects
of various treatments on cognitive function in DM patients
have not been well investigated. For example, there has been
only one study—that of Jagusch, Cramon, Renner, & Hepp,
1992—on the effect of treatment in nondemented DM
patients; the results showed that insulin-treated subjects
had slower simple reaction times. Recently we investigated
the effect of treatment on the brain atrophy in elderly DM
subjects, and found that the insulin-treated group had the
most severe atrophy (Ushida et al., 2001).

Given this situation, the present study was initiated with
the following three goals.. First, we compared the domains
of cognitive functmnal tests in elderly Japanese subjects
(age >60 years) with type 2 DM with a group of elderly
non-DM subjects (age >60 years). Second, we wanted to
determine whether there was any cormrelation between the
measures of cognitive function and the degree of glycemic
control in patients with type 2 DM. Third, we investigated
the effect of DM treatment on the performance of cognitive
function tests.

2. Subjects and methods
2.1, Subjects

There were 69 subjects with type 2 DM and 27 non-DM
subjects. All subjects were outpatients at Nagoya University
Hospital in Aichi, Japan, at Gifu Prefectural Tajimi Hospital
in Gifu, Japan, at Chiaki Hospital in Aichi, Japan, or at Acki
Kinen Hospital in Mie, Japan. They ranged in age from 60
to 85 years old. All subjects with diagnosis of dementia,
depressive disorders by the clinical criteria defined by
DSM-III-R (American Psychiatric Association, 1987) or
DSM-TV (American Psychiatric Association, 1994), respec-
tively, or any other diseases known to affect cognitive
function, or subjects who had cerebral infarctions of more

Table 1

Characteristics of participants by diabetes status

Varjable DM subjects Non-DM subjects P value
N . 69 27 -

Age 716156 734166 0.164
Gender (% female) 70.4 52.2 0.107
Education (years) 104427 114%3.0 0.167
Hypertension (%) 52,5 50.0 0.845
Hyperdipidemia (%) 36.5 60.0 0.074
HbAle (%) 3.0x1.0 57104 FP<0l

Data are the mean + 8.D. uniess otherwise indicated.
Student’s unpaired r—test {age, education, HbAlc) and Kruskal-Wallis
analysis (other variables).
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Table 2
Performance on measures of cognitive function by diabetes status
Measure DM subjects  Non-DM subjects P value
MMSE 271422 28317 P<ls
Word List (immediate) 57+17 62117 0.254
(delayed) 7.1%22 67120 0.364
WAIS-R Digit Symbol 3631109 430+ 12! P<.05
Stroop Color Word Test 192+ 12.8 15.0+6.7 G.113

Data are the means + 5.D., unless otherwise indicated.

A higher score indicates better performance, except in the case of the Stroop
Color Word Test.

Student’s unpaired (—test.

WAIS-R: Wechsler Adult Intelligence Scale-Revised.

than 1 cm in diameter as visualized by brain CT or MRI,
and/or had neurological sings or symptoms, and/or clinical
histories of stroke including transient ischemic attacks were
exchided. No subjects had audio—visual deficiencies suffi-
cient to impair their performance in the cognitive functional
assesstnents. All participants were independent in terms of
performing their daily activities. .

An ethical committee approved the study protocol and all
patients gave their written informed consent prior to the
investigation. After the provision of informed consent, the
cognitive functional tests were administered individually to
each subject. HbAlc was measured as a marker of glycemic
control. DM patients were asked if they had had any
hypoglycemic episodes during the recent month over the
last month by questionnaire. At the day of the assessment
subjects had breakfast as usual and the assessment was
performed before noon. The doctors checked the physical
conditions of the subjects before the assessment and con-
firmed that they were not hypoglycemic. Hypertension was
diagnosed as follows: prescription of antihypertensive med-
icine, systolic blood pressure (SBF) of 160 mm Hg or higher,
and/or diastolic blood pressure (DBP) of 95 mm Hg or
higher. The diagnosis of hyperlipidemia was based on the
Japan atherosclerosis society guidelines for diagnosis and
treatment of atherosclerotic cardiovascular disease (Japan
Atherosclerosis Society, 2002). Regarding complications of

Table 3
Correlation coefficients between scores of cognitive tests and diabetic
characteristics

Variables MMSE WAIS-R
WAIS-R Digit Symbol 0.456™* -
Diabetes duration 0.078 —-0.155
HbAle —0.205 —0.433%*
Neuropathy -0.075 0.005
Nephropathy - 0.008 - 0.021
Retinopathy -0.095 0.015
Hypoglycemia - (.265 —-0.229
Insulin-treatment —0.379%* ~0.304*

Pearson's correlation coefficients analysis (MMSE, WAIS-R digit symbol,
Diabetes duration HbAlc) and Spearman’s correlation coefficients analysis
(other variables). .

* P< 05,

*¢ p<.0l.
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Fig. 1. Relationship between glycosylated hemoglobin (HbAlc) concen-
tration and score of WAIS-R Digit Symbol on DM subjects (N = 69
r = —0.433, P<0.001).

DM, neuropathy was diagnosed as elevated vibratory per-
ception thresholds or symptomatic' neuropathy including
parethesia; retinopathy was diagnosed as simple retinopathy
and more advanced; and nephropathy was diagnosed as
microalbuminuria (30 mg/g = albumin-to-creatine ra-
tio <200 mg/g) and more advanced. -

2.2. Assessment of cognitive function

Cognitive function was assessed by structured perfor-
mance tests that were selected to represent a broad range of
cognitive domains, including those measured in previous
studies in type 2 DM. Strachan et al. (1997} summarized
psychological tests used among the previous studies into six
broad categories. In considering total administration time

Table 4

and elderly subjects’ burden to complete the test battery, we
decided to investigate four of these categories, and selected
the following standardized psychological tests for measure-
ment of each. (1) Mental Status: the Mini-Mental State
Examination (MMSE) (Folstein, Folstein, & McHigh, 1978)
was used to evaluate this category. The MMSE assesses
orientation, registration, attention, calculation, language,
and recall with a score range from 0 to 30. (2) Verbal
Memory: the Word List (a subtest of the Alzheimer’s
Disease Assessment Scale [ADAS] (Mohs, Rosen, & Davis,
1983)) was used. This test asks subjects to read aloud and
remember 10 concrete words printed on individual cards.
The subjects’ immediate recall is evaluated directly after
reading the words, and the delayed recall is assessed at 30
min after reading the words. The score range is 0-10. (3)
Complex Psychomotor Skill: the Digit Symbol Test (a
subtest of the Wechsler Adult Intelligence Scale—Revised
[WAIS-R]; Shinagawa, Kobayashi, Fujita, & Maekawa,
1990} was used. This test consists of a sample line with
nine pairs of numbers and meanirigless symbols. Subjects
are asked to fill in the blanks with the cotrectly paired
symbols in 90 s. The score range is 0—93. (4) Attention: the
Stroop Color Word Test (Stroop, 1935; Japanese version)
employs 2 card with 24 colored dots and a card with 24
names of colors printed in different colored ink, e.g., the
word “yellow” printed in blue ink. Subjects are asked to
name the color of the dots as quickly as possible, and then to
name the color of the ink that a color word was printed in as
quickly as possible. Seconds to completion are recorded and
the difference between the time required to read the word
card and that required to read the dots card is calculated.
Well-trained psychological testers administered atl four tests
in the same order for all subjects.

Characteristics and performance on measures of cognitive function by diabetes subgroup

Variable Insulin-treated diabetes Noninsulin diabetes Nondigbetic subjects P value
N 13 27

Age 72863 73+54 734166 0.261
Education (year) 10526 10427 114+30 0.386
MMSE 25.4 + 2,01 275+ 2.0 283+ 1.7 P<01
Word List {immediate) 52415 59+17 62+1.7 0.205
(delayed) 68+13 72123 67120 0.567
WAIS-R Digit Symbol 292+ 811 379 +10.8° 430+ 1218 P<1
Stroop Color Word Test 178+ 7.6 195+ 13.8 150+ 67 0.252
HbAlc (%) 87+ 1.5 79+ 089 5.7+ 04% P<.01
Hypertension (%) 532 50.0 . 50.0 0.845
Hyperlipidemia (%) 36.4 366 60.0 0.074

Data are the mean + $.D., unless otherwise indicated.

A higher score indicates better performance, except in the case of the Swoop Color Word Test.

ANOVA. Bonferroni’s post-hoe test showed following;

! Significant difference with noninsulin diabetes ( P<.05) and nondisbetic subjects ( P<.01).
M Significant difference with noninsulin disbetes (P<.05) and nondiabetic subjects (P <.05).

Y Significant difference with insulin-treated diabetes (P <.05).

™ Significant difference with insulin-treated diabetes ( P<.05) and nondiabetic subjects (P<.05).

¥ Significant difference with insulin-treated dizbetes (P <.01).

% Significant difference with insulin-treated diabetes ( £<.05) and noninsulin subjects { P<.05).
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2.3, Statistical analysis

All data are presented as the means + S.D. Comparisons
between two groups were made by using Student’s r—test
or the Kruskal—Wallis analysis. Pearson’s correlation coef-
ficients and Spearman’s correlation coefficients were cal-
culated for parametric and nonparametric variables,
respectively, For the Spearman’s correlation coefficients,
nonparametric variables were coded as follows. The exis-
tence of DM complication or hypoglycemic episode was
scored as 1, and the absence of these parameters was
scored as 0, The use of insulin was scored as 1, and the
nonuse as 0. Comparisons among three groups were made
by using analysis of variance (ANOVA) followed by
Bonferroni’s post hoc test. In all analyses, values of
P<.05 were considered to indicate statistical significance.
All analysiswas performed with SPSS software for Win-
dows (SPSS Inc., 2001).

3. Results

The characteristics of the subjects included in the current
study are shown in Table 1. There were no significant
differences between DM patients and non-DM subjects in
any area except HbAlc (P<.01). Table 2 shows the means
and S.D. for four measures of cognitive function in DM and
contro]l subjects. The DM group performed significantly
worse in the MMSE (P<.05) and Digit Symbol Test
(P <.05), and tended to perform more poorly in other tests,
although these differences were not significant. The results
of the correlation analysis between cognitive tests scores
and diabetic characteristics are shown in Table 3. The scores
of the Digit Symbol Test in DM subjects had a significant
negative correlation with HbAlc (r=—.433, P<.001,
Fig. 1). The insulin-use for DM treatment was also signif-
jcantly correlated to the Digit Symbol Test (r=-.304,
P<.05). Further, we divided the DM group into two
subgroups: an insulin-treated and a non-insulin-treated
group. The history of insulin treatment ranged from 1 to
30 years (mean=10.85; S.D.=11.10). The frequencies of
daily insulin injection were scored as follows: once=3,
twice=6, three times=3, four times=1. ANOVA showed
that both the MMSE and Digit Symbol Test scores were
significantly different among the three groups (P<.01,
P<.01, respectively, Table 4). Bonferroni’s post hoc test
showed that the scores of the MMSE and Digit Symbol Test
in the insulin-treated DM group was significantly lower than
those in the non-insulin-treated DM (P <.05), and non-DM
{ P<.01) subjects. Insulin-treated DM subjects had signifi-
cantly higher HbAlc. The prevalence of DM complications
and hypoglycemic episodes by DM treatment were com-
pared and are shown in Table 5. The frequency of hypo-
glycemic episodes was from three times a year to once a
month. No subjects experienced hypoglycemic coma or
hospitalization from hypoglycemia-related events. Only
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Table 5
The characteristics and presence of diabetic complication and hypoglyce-
mia by diabetic treatment groups

Variable Insulin-treated DM Noninsulin DM P value
Diabetes Duration (year) 19.211256 13.7£11.2 164
Neuropathy (%) 66.7 59.2 637
Retinopathy (%) 63.6 31.2 P<.05
Nephropathy (%) 58.3 312 084
Hypoglycemia (%0) 364 11.4 060

Data are [the] mean + S.D., unless otherwise indicated.
Student’s r-test. (diabetes history), Kruskal-Wallis analysis {other
variables).

prevalence of retinopathy was significantly different be-
tween insulin-treated and non-insulin-treated DM subjects.

4. Discussion

In the current study we investigated cognitive function in
the Japanese elderly with type 2 DM. Recently many
studies—primarily from Western countries—have reported
cognitive functional deficits in elderly DM subjects, and the
term ‘“diebetic encephalopathy” is seeing increasing use
(Biessels, der Heide, Kamal, Bleys, & Gispen, 2002).
Nonetheless, there have been few reports showing cognitive
deficits in Japanese subjects with DM. Our results suggest
that DM-related cognitive impairment does exist in Japanese
subjects, and that such impairment is not dependenl on
cultural or genetic background.

In the present study the insulin-treated subjects had the
worst cognitive function. Three possible mechanisms could
be hypothesized for the poor cognitive function in insulin-
treated subjects. In the present study, subjects receiving
insulin-treatment had significantly higher HbAlc, and the
scores of the Digit Symbol test were negatively correlated
with HbA1¢; therefore, the effects of hyperglycemia should
be given primary consideration. Secondly, hypeglycemia-
related neuronal damage may have been involved, since
insulin-treated elderly DM subjects reportedly have more
risks for hypoglycemia (Schorr, Ray, Daugherty, & Griffin,
1997). However, several studies have shown that subjects
with impaired glucose tolerance who receive no drug
treatment and are at minimum risk for hypoglycemia also
sometimes show cognitive impairment (Convit, Wolf,
Tarshish, & de Leon, 2003; Vanhanen et al., 1988). This
suggests that hypoglycemia may not be a major factor for
cognitive functional deficits. Our study failed to show a
significant correlation between hypoglycemia and the scores
of cognitive functional tests. Thirdly, direct effects of insulin
on the neuronal system may have played a role in the poor
cognitive function of insulin-treated subjects. Recently,
insulin and its receptor have been shown to be present in
the brain and appear to play a modulatory role in synaptic
transmission (Schwartz, Figlewicz, Baskin, Woods, & Porte,
1992). Ott et al. (1996, 1999) reported that insulin-treated
subjects are at greater risk for dementia. In the present study,
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however, analysis of the correlation coefficient between

fasting serum insulin levels in non-insulin-treated DM .

subjects and the performance on cognitive functional tests
failed to show any significant differences (P =.092-0.645,
data not shown).

As discussed above, hyperglycemia may be a major factor
for cognitive impairment in elderly DM subjects. However, in
the current study, microangiopathies, including neuropathy,
were very weakly related to the scores of the MMSE and Digit
Symbol test. The duration of DM also showed no significant
relationship with the scores of the cognitive functional tests.
These findings suggest that cognitive impairment in DM
subjects is induced by mechanisms other than microangiop-
athy, The scores of the Digit Symbol test had a significant
negative association with HbA 1¢, which reflects the status of
glycemic control in a relatively short period of time. Interest-
ingly, several studies have shown that improvement in gly-
cemic control had beneficial effects on cognitive function in
elderly DM subjects (Gradman et al,; 1993; Meneilly et al,,
1993). This would siuggest that the cognitive function in DM
subjects is affected at least partially by the blood glucose
levels for a relatively short period of time. Further longitudi-
nal studies with a larger number of subjects will be needed to
follow the cognitive function in elderly DM subjects, as well
as Investigations into the mechanism by which hyperglyce-
mia affects cognitive function, :

5, Conclusion

In conclusion, we demonstrated that Japanese elderly
with DM had mild cognitive impaimment. Hyperglycemia
may be a major factor for this cognitive impairment; how-
ever, further studies with increased number of subjects and
longitudinal studies will be needed to clarify this relation.
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* p<0.05, **p<o.01, *** p<0.00
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