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Abstract

Aims: Recent clinical studies identified the relation between olfactory dysfunction
and cognitive impairment in the elderly without type 2 diabetes mellitus. The aim of
the present study was to define the relation between olfactory function and cognition
in elderly patients with type 2 diabetes mellitus.

Methods: The study participants comprised 250 elderly (age, 68-77, median 72)
Japanese outpatient with type 2 diabetes mellitus free of clinically-evident cognitive
impairment. Olfactory and cognitive functions were evaluated by the Open Essence
(OE) test and Mini-mental State Examination (MMSE), respectively.

Results: Based on the MMSE score, 62.0%, 24.4% and 13.6% of the participants
were considered to have no impairment, possible cognitive impairment and probable
dementia, respectively. The OE test score of the probable dementia group was
significantly lower than other groups. Furthermore, age and serum uric acid were
significantly higher in the probable dementia group than other groups. Simple
correlation analysis showed positive correlation between the MMSE score and
diastolic blood pressure, education, OE test score, total cholesterol, LDL cholesterol,
folic acid and negative correlation with age, HbA ., aspartate aminotransferase, serum
adiponectin and urinary albumin excretion. Multivariate regression analysis showed
that OE test score correlated significantly and independently with MMSE score
(standardized coefficients p = 0.542, R* = 0.478, P<0.01), in addition to education
level, HbAlc and serum adiponectin.

Conclusions: The results suggested the association of olfactory dysfunction with

cognitive impairment in elderly patients with type 2 diabetes mellitus.
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Abbreviations:

AD, Alzheimer’s disease;

ANOVA, analysis of variance;

AST, aspartate aminotransferase;

BDI, Beck Depression inventory;

BMI, body mass index;

HDL, high-density lipoprotein-cholesterol;
LDL-C: low-density lipoprotein-cholesterol;
MCI, mild cognitive impairment;

MMSE, Mini-mental State Examination;
OE: Open Essence;

UAE, Urinary albumin excretion
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Introduction

One of the main objectives of treatment of type 2 diabetes mellitus is to reduce the
onset and development of diabetes-related complications [1]. To achieve these goals,
diabetes treatment regimens have been continuously revised. However, self-care
management is always an integral part of the overall management of type 2 diabetes
mellitus.

Patients with type 2 diabetes mellitus are about 2 to 4 times more likely to
develop cognitive impairment and dementia than individuals without type 2 diabetes
mellitus [2]. Such impairment can potentially affect diabetes self-care and adherence
to medication, with consequent deterioration of glycemic control [3, 4]. In terms of
management of type 2 diabetes mellitus, it is crucial to prevent the development of
cognitive impairment at an early stage or halt its progression. In this regard, it is
important to identify makers for early cognitive impairment in patients with type 2
diabetes mellitus.

Several studies have demonstrated that olfactory dysfunction appears to
precede clinical signs of Alzheimer’s disease (AD) or cognitive impairment and may
be an early marker of brain changes. Early studies related olfactory dysfunction with
neurodegenerative diseases such as AD and Parkinson's disease [5, 6]. Furthermore,
olfactory dysfunction was also reported in subjects with mild cognitive impairment
(MCI) [7], as well as those with the apolipoprotein E epsilon 4 allele, a strong genetic
risk factor for AD [8], and those with family history of AD [9]. Recent clinical studies
also identified the relation between olfactory dysfunction and cognitive impairment in

the elderly [10, 11]. In addition, patients with olfactory dysfunction were more likely
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to make the transition to clinical AD than those without [7]. Taken together, these
studies suggest that olfactory function is not only associated with cognitive function,
but also could be used as an early marker of future cognitive impairment and AD.
Impaired olfactory function has also been reported in patients with type 2
diabetes mellitus [12]. However, similar to general population, whether olfactory
dysfunction is related to cognitive impairment and/or could be an early marker of
future cognitive impairment in patients with type 2 diabetes mellitus remains
unknown. As a first step, we investigated the relationship between olfactory
dysfunction and cognitive impairment in elderly patients with type 2 diabetes mellitus

who showed no clinical evidence of cognitive impairment.

Materials and Methods

Subjects. Patients with type 2 diabetes mellitus who met the eligibility criteria
described below were invited to participate in the present study through the Diabetes
Outpatient Clinic of Juntendo University Hospital (Tokyo, Japan) and Juntendo Tokyo
Koto Geriatric Medical Center (Tokyo, Japan). The eligibility criteria were patients
with type 2 diabetes mellitus aged more than 65 years with free of clinically-evident
cognitive impairment. The exclusion criteria were 1) patients with severe infections
within the preceding 2 weeks, 2) patients scheduled for surgery or who had undergone
surgery, 3) patients with severe trauma, 4) patients with psychiatric disorders, 5)
patients with hypothyroidism, 6) patients with partial or complete olfactory
dysfunction associated with sinusitis, allergic rhinitis, and deviated nasal septum, 7)

patients with history of brain tumors, 8) patients on steroid treatment, 9) patients with
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a MMSE (Mini-mental State Examination; MMSE) score of less than 18 points [they
were considered to have severe and moderate cognitive impairment [13]], 10) patients
who were considered ineligible based on the assessment of clinical investigators.
Among 312 consecutive elderly patients with type 2 diabetes mellitus who were
screened, 256 patients met the above criteria. After being informed of the purpose and
procedures of the study, olfaction and cognitive tests were performed between October
2012 and December 2013. Among the 256 patients, 3 with MMSE score of less than
18 points were diagnosed with severe or moderate cognitive deficit for the first time
[13] and were excluded from the study. Following blood sampling and laboratory test,
3 patients were found to have hypothyroidism and were also excluded from the study.
The remaining 250 patients were the subjects of this cross-sectional study. The study
protocol was approved by the Institutional Review Board of Juntendo University
Hospital and the study was conducted in accordance with the principles described in
the Declaration of Helsinki. All patients provided written informed consent before
enrolment in the study. The study has been registered in the University Hospital

Medical Information Network Clinical Trials Registry (UMIN000011073).

MMSE. Cognitive status was evaluated by the MMSE [14].The MMSE is widely
used for the assessment of cognitive status in both clinical practice and research [15].
The MMSE includes 10 domain items, which measure orientation to time (5 points),
orientation to place (5 points), registration (3 points), attention and calculation (5
points), recall (3 points), naming and repetition (3 points), comprehension (3 points),

reading ability (1 point), writing ability (1 point), and design copy (1 point); the latter
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being a brief measure of visual construction. MMSE was assessed in a separate room
by a trained physician who was blinded to the results of the olfaction test. The MMSE
scale ranges from 0 to 30, with a higher score indicating better cognitive performance.

Patients were divided into three groups: probable dementia group (18<MMSE score<
23), possible cognitive impairment group (24<MMSE score<26), and no impairment

group (MMSE score >27) [16].

Olfaction test. Smelling sensation was assessed using the Open Essence test (OE test,
Wako Pure Chemical Industries). The OE test was developed as an olfactory
identification assessment for Japanese population, and has been used in recent studies
[17, 18]. It includes a self-completed olfaction test kit, with which the subject
identifies various types of odors using specially prepared paper cards. The OE test
consists of 9 odorants, including Indian ink, wood, perfume, menthol, orange, curry,
cooking gas, rose, hinoki (Japanese cypress wood). In addition, we also used three
other odorants; socks that smell of sweat, condensed milk, and roasted garlic, to test
olfaction. For each odorant, the subject was presented with a card showing four odor
names and two alternative answers (unknown and not detected) and was asked to
select the correct answer. A score of 12 points represents correct identification of all

types of odorants, while lower scores indicate olfactory dysfunction.

Assessment of depression status. The BDI (Beck Depression inventory)-II is a
21-item questionnaire designed to assess hopelessness, irritability, cognition, guilt,

fatigue, weight loss, and sexual interest, in adults and adolescents [19]. Each of the 21
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items measures the presence and severity of a somatic or cognitive symptom of
depression, rated on a 4-point scale ranging from 0 to 3. The ratings are summed,
yielding a total score ranging from 0 to 63. A high score represents depressive states.
The BDI-II has been validated as a sensitive, specific, and predictive tool for

quantitative assessment of the severity of depression [19].

Other clinical parameters. Body mass index (BMI) was calculated using the
formula of weight in kilograms divided by the square of height in meters. Subjects
were asked whether they were currently smokers, had smoked, had stopped smoking,
the date of stopping smoking, and the number of cigarettes smoked per day. The
subjects were classified according to the smoking status into non-smokers, former
smokers or current smokers. Former smokers were those who had not smoked during
the 6 month receding the study. Estimation of total number of cigarettes (Brinkman
Index) was calculated by cigarettes smoked per day times smoking duration (years).
Alcohol intake was defined as total daily intake of ethanol, which was estimated in
grams according to the average number of grams in a serving of each type of alcoholic
beverage. Medications and complications of type 2 diabetes mellitus were also
assessed. Patients with simple, preproliferative or proliferative retinopathy were
defined as having retinopathy by trained ophthalmologists. Nephropathy was
diagnosed in the presence of microalbuminemia (30 mg/g creatinine). Neuropathy was
diagnosed in patients with two or more of the following three components: presence
of symptoms, absence of ankle tendon reflexes or abnormal scores of vibration

perception threshold using a tuning fork. History of cerebrovascular disease was



190

195

200

Olfactory dysfunction and cognitive deficit in elderly diabetics. Page 11

defined as ischemic or hemorrhagic stroke and carotid endarterectomy. Cardiovascular
disease was defined as history of coronary artery disease, including angina,

myocardial infarction, percutaneous coronary angioplasty or coronary artery bypass

graft surgery. Hypertension was defined as systolic blood pressure = 140 mm Hg,
and/or diastolic blood pressure = 90 mm Hg, and/or taking anti-hypertensive

medication. Hyperlipidemia was defined by fasting serum total cholesterol > 220
mg/dl, low-density lipoprotein cholesterol (LDL-Cholesterol) > 140 mg/dl and/or

high-density lipoprotein cholesterol (HDL-cholesterol) <40 mg/dl, and/or triglyceride

2150mg/dl, and/or taking lipid lowering medication.

Biochemical tests. Blood samples were obtained after overnight fast. Serum lipids
[total cholesterol, HDL-cholesterol, LDL-Cholesterol, triglycerides], HbAlc (National
Glycohemoglobin Standardization Program) and glucose, aspartate aminotransferase
(AST), alanine aminotransferase, ¥-glutamyl transpeptidase and uric acid were
measured with standard techniques. Highly sensitive C-reactive protein, vitamin B12,
folic acid, and adiponectin were outsourced to a private laboratory (SRL Laboratory,
Tokyo). Urinary albumin excretion (UAE) was measured by improved bromocresol

purple method using a spot urine sample.

Statistical analysis. Results are presented as mean+SD or median (interquartile range:
25% to 75%) for continuous variables or number (proportion) of patients for
categorical variables. Data distribution was tested for normality using the

Shapiro-Wilk test. Some parameters were logarithmically transformed to approximate
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normal distribution. Patients were divided into three groups, the probable dementia
group, the possible cognitive impairment group and the no impairment group based on
the MMSE score. Multiple comparison test was performed to compare the scores of
each variable among the three groups and within a group. Comparisons among groups
were tested statistically by the x* test for non-continuous variables and by one-way
ANOVA (analysis of variance) for continuous variables, followed by Tukey-Kramer
multiple test for normally distributed continuous variables and by the Kruskal-Wallis
H test, followed by with Steel-Dwass multiple comparisons post-test for the
non-normally distributed variables.

The correlations of potential risk factors for low MMSE score were assessed by
Spearman’s rank correlation coefficient. Stepwise multiple linear regression analysis
was performed to determine those variables that independently and significantly
correlated with the MMSE score. Only variables with P<0.05 in univariate analyses
were included in this model. Especially, the natural log-transformed values of age,
education, MMSE score, OE test score, HbAlc, AST, folic acid, adiponectin and UAE
were used in multivariable analysis to approximate normal distribution.

Statistical tests were two-sided with 5% significant level. Data were analyzed
using the Statistical Package for Social Science computer software program, version
18 (SPSS Inc., Chicago, IL) and the Statistical Analysis System software program,

version 10.2 (SAS Institute Inc.) only for Steel- Dwass multiple comparisons post-test.

Results

Table 1 lists the characteristics of the study participants. The median age of the
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participants was 72 years and 52.4% of subjects were males. At the time of the study
entry, the median duration of diabetes was 14 years with a median HbA . of 7.1%
(54.1(mmol/mol)). The median MMSE score was 27.0 points and the median OE test
score was 7.0 points. Blood pressure and serum lipid levels were relatively well
controlled. With regard to the treatment of type 2 diabetes mellitus, 167 (66.8%) were
on oral hypoglycemic agents; while 53 (21.2%) patients were on insulin. The type 2
diabetes mellitus -related complications included retinopathy in 85 (35.1%) subjects,
nephropathy in 118 (48.4%), and peripheral neuropathy in 160 (65.3%). In addition,
42 (20.8%) patients had history of cerebral vascular disease, and 45 (18.3%) subjects
had history of cardiovascular disease.

Based on the MMSE score, no impairment of cognitive function was noted in
62.0% of the participants, while possible cognitive impairment was diagnosed in
24.4%, and probable dementia in 13.6% (Table 2). Thus, about 40% of the patients
who had not been previously diagnosed with cognitive impairment had low MMSE
score. To further clarify the clinical feature of the patients with cognitive impairment,
we compared the clinical parameters among the three MMSE score groups. As shown
in Table 2, the education levels in both the dementia group and possible cognitive
impairment group were significantly lower than the normal group. Age and serum uric
acid level were significantly higher in the probable dementia group than the possible
cognitive impairment and no impairment groups. UAE and folic acid were
significantly higher and lower in the possible cognitive impairment group than the no
impairment group, respectively. Significant differences were noted in adiponectin

level, diabetic nephropathy, and history of cerebral vascular disease among the three
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groups. Intriguingly, the OE test score was significantly lower in the probable
dementia group than the possible cognitive impairment and no impairment groups.
Furthermore, the OE test score was significantly lower in the possible cognitive
impairment group than the normal group.

Finally, we assessed the relation between MMSE score and potential risk
factors using Spearman’s rank correlation analysis (Table 3). The MMSE score
correlated positively with diastolic blood pressure, education level, OE test score, total
cholesterol, LDL cholesterol, and folic acid, and negatively with age, HbAlc, AST,
serum adiponectin, and UAE. Stepwise multivariate regression analysis that included
the above parameters identified OE test score, education level, HbAlc ,., and serum
adiponectin as independent factors associated with MMSE score (standardized

coefficients B = 0.542, R?= 0.478, P<0.01, Table 4).

Discussion

To our knowledge, this is the first study to report a significant association between
olfactory dysfunction and cognitive impairment in elderly patients with type 2
diabetes mellitus.

The results showed a high prevalence (about 40%) of cognitive impairment in
elderly patients with type 2 diabetes mellitus who had not been diagnosed with
cognitive impairment. This finding was consistent with previous studies
demonstrating that 35.0 to 63.3% of patients with type 2 diabetes mellitus had
cognitive impairment evaluated by the MMSE test [20, 21]. Taking the high

prevalence of cognitive impairment in patients with type 2 diabetes mellitus into
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consideration, early detection of cognitive impairment may be required to improve
glycemic control, and prevent or delay the development of dementia through proper
glycemic control, appropriate drugs and cognitive training.

While the exact mechanism of cognitive impairment in patients with type 2
diabetes mellitus is unknown at present, several mechanisms could be involved under
type 2 diabetes mellitus conditions. Hyperglycemia is known to increase the levels of
advanced glycation-end products and reactive oxygen species, and the incidence of
inflammation, which together could lead to neuronal damage and neurovascular
dysfunction [22]. Also, insulin resistance may cause alteration in amyloid metabolism
and tau phosphorylation [22]. Furthermore, type 2 diabetes mellitus is a high risk
factor for vascular dementia, including both large vessel disease (e.g., stroke) and
small vessel disease (e.g., white matters lesion and lacunae). In this regard,
cardiovascular risk factors may also lead to cognitive impairment in patients with type
2 diabetes mellitus. Reflecting these findings, recent clinical studies showed that
several factors, such as age, gender, glycemic control, duration of type 2 diabetes
mellitus, type 2 diabetes mellitus -related complications, hypertension, lipid
metabolism, education state, depressive state, physical activity and inflammation are
associated with cognitive impairment in patients with type 2 diabetes mellitus [22-26].
In this study, the significant correlations among low MMSE scores and education
level, HbAlc, and serum adiponectin level in the multivariate linear regression model
are reasonable. Serum adiponectin level was higher in the probable dementia and
possible cognitive impairment groups compared with that in the no impairment group.

A previous study also demonstrated significant higher serum adiponectin level in
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subjects with MCI and AD compared to the control group [27], similar to our finding,
although the precise pathomechanism of high adiponectin levels in MCI and AD
remain poorly understood.

More importantly, our findings extended the results of previous studies on the
general population by demonstrating the graded association between olfactory
dysfunction and severity of cognitive function in elderly patients with type 2 diabetes
mellitus (Table 2). Furthermore, the OE test score also correlated with the MMSE
score even after adjustment for possible risk factors. These findings demonstrate the
close relationship between olfactory dysfunction and cognitive impairment in elderly
patients with type 2 diabetes mellitus.

Clinical research studies have reported the problem of olfactory dysfunction in
patients with type 2 diabetes mellitus [12, 28], although olfactory dysfunction is rarely
recognized in clinical practice. Consistent with these findings, we found low OE test
scores in the majority of elderly patients with type 2 diabetes mellitus, compared with
a score of >8 reported in elderly Japanese population [18]. Several hypothetical
mechanisms of olfactory dysfunction in patients with type 2 diabetes mellitus have
been proposed (29-31). For example, increased oxidative stress was reported to reduce
axonal transport rate in the olfactory system of streptozotocin-treated mice, potentially
leading to olfactory dysfunction [29]. In addition, the distribution patterns of insulin
and insulin receptor are well characterized in the olfactory area in mice [30], and high
insulin concentrations were reported in the olfactory bulb, which correlated with
reduced olfactory detection in rats [31]. These data suggest the potential roles of

hyperglycemia and insulin resistance in the development of olfactory dysfunction. On
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the other hand, another possibility is that glycemic control is worsen simply by poor
adherence to diabetes medication in subjects with olfactory dysfunction and cognitive
impairments. Regarding those issues, a previous clinical report suggested that
olfactory dysfunction is associated with old age, male sex and smoking, rather than
diabetes-related factors, such as glycemic control and duration of type 2 diabetes
mellitus, in patients with type 2 diabetes mellitus [32]. Further studies are required to
elucidate the pathogenesis of type 2 diabetes mellitus -related olfactory dysfunction
and its relation to cognitive impairment.

Olfactory function includes threshold, discrimination and identification
assessed by lowest detectable odorant concentration, ability to differentiate between
odorant, and ability to identify odorant, respectively [33]. Recent studies have
demonstrated that olfactory identification and discrimination, not olfactory threshold,
are closely associated with higher cognitive functions [10, 11, 34]. In the present study,
we demonstrated that impaired olfactory identification correlated significantly with
cognitive impairment evaluated by MMSE in elderly patients with type 2 diabetes
mellitus. Previous studies reported that impaired olfactory identification is a specific
predictor of memory decline [35]. Interestingly, studies in patients with mild cognitive
impairment demonstrated that impaired olfactory identification and cognitive deficit
correlated with volume loss of the hippocampus [36], which is the primary brain
region involved in memory formation [37]. Although the exact mechanisms
underlying these relationships are largely obscure, AD pathological changes, such as
neuerofibrillar pathology, were observed in various brain regions of elderly

individuals, such as the central olfactory area, entorhinal cortex, and hippocampus
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[38]. These changes suggest that neurofibrillar pathology is the culprit pathology
underlying both olfactory and memory dysfunctions. In fact, analysis using clinical
data in this study setting the OE test score as objective variable identified only age and
MMSE as associated factors (data not shown). On the other hand, during an olfactory
recognition memory task, functional magnetic resonance imaging studies showed
activation of a complex network of brain regions including not only the hippocampus
but also prefrontal cortex, lateral and medial parietal areas in humans [39]. Thus, no
doubt that olfactory identification may require global cognitive processing including
working memory, attention, judgment, language function and decision making,
suggesting that impairment of the process of olfactory identification may represent not
only memory decline but also general cognitive impairment.

The present study has several limitations. First, the study included a relatively
small number of patients and was cross-sectional in design, which did not allow
conclusions about cause and effect relationship. In addition, the results do not confirm
olfactory dysfunction as a maker of cognitive impairment. Follow-up studies are being
conducted at present in our laboratories in order to define the relationship between
olfactory dysfunction and subsequent cognitive impairment in the same cohort.
Second, we assessed cognitive functions using only the MMSE. While MMSE is
considered a screening test for evaluation of cognitive impairment and is the most
extensively used, it does not assess all aspects of cognitive function, especially
executive function. Thus, other methods need to be used to confirm the diagnosis.
Third, we did not examine other aspects of olfactory function apart from olfactory

identification. Fourth, the study sample may not be representative of type 2 diabetes
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mellitus in Japan, because it was collected from a few hospitals in Tokyo, and thus
several potential factors, such as regional differences within Japan should be taken
into account. Finally, we did not evaluate the compliance of drugs, which might affect
the anthropometric data.

In conclusion, our results point to a close relation between olfactory
dysfunction and cognitive impairment in elderly patients with type 2 diabetes mellitus.
Further studies are needed to clarify the value of olfactory dysfunction in predicting

future cognitive impairment in patients with type 2 diabetes mellitus.
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Table 1. Patients characteristics (n=250)

Age (years)
Gender (male)
Body mass index (kg/m?)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Estimated duration of diabetes (years)
Diabetes complications

Retinopathy (yes)

Nephropathy (yes)

Peripheral neuropathy (yes)
History of cerebral vascular disease (yes)
History of cardiovascular disease(yes)
Hypertension (yes)

Hyperlipidemia (yes)

Education (years)

Mini-mental State Examination score (points)
Open Essence test score (points)

Beck Depression inventory —II (points)
HbAlc (%)

HbA 1c (mmol/mol)

Fasting blood glucose (mg/dl)

Total —cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
LDL-cholesterol (mg/dL)

Triglyceride (mg/dL)

aspartate aminotransferase (U/L)

alanine aminotransferase (U/L)

y-glutamyl transpeptidase (U/L)

Uric Acid (mg/dl)

B12 vitamin (pg/ml)

Folic acid (ng/ml)

Adiponectin (pg/ml)

Highly sensitive C-reactive protein (ng/ml)

72.0 (68-77)
131 (52.4)
24.1(21.9-26.3)
130.1£15.7
70.0+11.6

14.0 (8.0-19.3)

85 (35.1)
118 (48.4)
160 (65.3)
42 (20.8)
45 (18.3)
162(64.8)

168 (67.2)
12.0 (9.0-13.3)

27.0 (25.0-29.0)
7.0 (4.0-8.0)

8.0 (5.0-13.0)

7.1 (6.6-7.6)

54.1 (48.6-59.6)
124.0 (108.0-148.0)
190.0432.2

54.0 (45.0-67.3)
110.4427.9

84.5 (64.8-120.0)
20.0 (17.0-24.3)
16.0 (13.0-21.0)
22.0 (16.0-34.0)
52+ 1.4

426.0 (302.0-610.0)
10.4 (7.8-14.6)

4.7 (3.0-8.2)

569.5 (239.8-1425.0)

Urinary albumin excretion (mg/g creatinine)

27.2 (8.3-114.8)

Current smoker(yes) 34(13.6)
Alcohol consumption (g/day) 0.0 (0.0-7.8)
Treatment modality
Diabetes medication (yes) 220 (88.0)
Oral hypoglycemic agents (yes) 167 (66.8)
Insulin therapy (yes) 53 (21.2)
Anti-hypertensive medication (yes) 130(52.0)
Lipid lowering medication (yes) 120(48.0)
Antiplatelet agents (yes) 76 (30.4)




Data are mean+SD or median (interquartile range: 25% to 75%) for continuous

variables or number (proportion) of patients for categorical variables.



Table 2. Clinical characteristics of the dementia-group,mild-cognitive-impairment
eroup-(MCED-and nermal greup_ probable dementia group, possible cognitive

impairment group and no impairement group (n=250).

Dementia-group MCl-group Normal-group
probable dementia possible cognitive no impairment group P value
rou impairment group (MMSE >27)
(18 MMSE <£23) (24 MMSE £26) n=155
n=34 n=61

Age (years) 75.5 (71.5-79.5)*t 72.0 (69.0-77.0) 71.0 (68.0-76.0) 0.001
Gender (male) 22 (64.7) 31 (50.8) 78 (50.3) 0.30
Body mass index (kg/m?) 24.2 (21.3-27.2) 24.1 (21.5-27.0) 24.1(22.1-25.9) 0.96
Systolic blood pressure (mmHg) 127.7+£21.4 130.6+14.7 130.5+14.7 0.63
Diastolic blood pressure (mmHg) 67.4+13.8 68.1+12.2 71.3£10.7 0.07
Estimated duration of diabetes (years) 15.0 (10.0-24.3) 14.0 (8.0-20.5) 13.0 (7.0-19.0) 0.22
Diabetes complications

Retinopathy (yes) 15 (44.1) 26 (44.8) 44 (29.3) 0.055

Nephropathy (yes) 17 (51.5) 36 (62.0) 65 (42.4) 0.04

Peripheral neuropathy (yes) 24 (70.6) 43 (71.7) 93 (61.6) 0.30
History of cerebral vascular disease (yes) 13 (52.0) 11 (22.9) 18 (14.0) <0.001
History of cardiovascular disease (yes) 9(26.4) 9 (15.0) 27 (17.5) 0.36
Education (years) 9.0 (9.0-12.0) 9.0 (9.0-12.0) q 12.0 (12.0-16.0) <0.001
Hypertension (yes) 20 (58.8) 44 (72.1) 98 (63.2) 0.34
Hyperlipidemia(yes) 21(61.8) 43 (70.5) 104 (67.1) 0.69
Open Essence test score (points) 3.0 (1.0-4.0)*t 5.0 (3.0-7.0) 9 8.0 (6.0-9.0) <0.001
Beck Depression inventory —II (points) 7.0 (5.0-14.3) 10.0 (6.0-16.5) 8.0 (5.0-12.0) 0.08
HbAlc (%) 7.4 (6.8-8.0) 7.1 (6.6-7.7) 7.1 (6.6-7.5) 0.18
HbA1c (mmol/mol) 56.8 (50.8-63.9) 54.1 (48.6-60.7) 54.1 (48.6-58.5) 0.18
Fasting blood glucose (mg/dl) 132.0 (118.5-151.5) 121.0 (106.5-148.5) 124.0 (107.0-147.0) 0.36
Total —cholesterol (mg/dL) 185.9+34.3 185.0+31.8 194.2+31.6 0.10
HDL-cholesterol (mg/dL) 49.0 (42.0-60.5) 52.0 (44.0-64.5) 57.0 (45.0-69.0) 0.051
LDL-cholesterol (mg/dL) 108.8+28.4 105.0+28.2 112.9+27.4 0.17
Triglyceride (mg/dL) 94.0 (60.8-129.7) 87.0 (67.0-132.5) 82.0 (63.0-113.0) 0.30
Aspartate aminotransferase (U/L) 21.5(17.8-26.3) 22.0 (17.5-26.5) 20.0 (17.0-23.0) 0.10
Alanine aminotransferase (U/L) 15.0 (12.0-21.5) 15.0 (12.0-21.0) 17.0 (14.0-22.0) 0.45
y-glutamyl transpeptidase (U/L) 27.0 (17.8-46.5) 21.0 (17.0-35.0) 21.0 (16.0-30.0) 0.16
Uric Acid (mg/dl) 5.9+1.8 *7 5.2+1.4 5.1£1.2 0.006
Vitamin B12 (pg/ml) 408.0 (275.0-678.3) 426.0 (287.5-695.0) 430.0 (314.8-586.8) 0.77
Folic acid (ng/ml) 10.1 (6.5-13.9) 7.9 (6.6-13.2) 10.8 (8.5-15.0) 0.003
Adiponectin (pg/ml) 6.6 (3.4-10.4) 5.8 (3.3-10.5) 4.4 (2.7-1.3) 0.03
Highly sensitive C-reactive protein {metdh 666.0 (303.0-1367.5) 572.0 (249.0-1560.0)  532.0 (225.0-1330.0) 0.63
(ng/ml)
Urinary albumin excretion (mg/g creatinine) 39.2 (16.6-152.7) 46.7 (20.4-339.9) 9 21.1(6.7-73.9) 0.002
Current smoker (yes) 6(17.6) 6(9.8) 22 (14.2) 0.53
Alcohol consumption (g/day) 0.0 (0.0-3.6) 0.0 (0.0-9.1) 0.0 (0.0-7.8) 0.81
Treatment (n/%)

Diabetes medication (yes) 33 (97.1) 55(90.2) 132 (85.2) 0.13
Oral hypoglycemic agents (yes) 24 (70.6) 42 (68.9) 101 (65.2) 0.77



Insulin therapy 9 (26.5) 13 (21.3) 31 (20.0) 0.71

Anti-hypertensive medication (yes) 14 (41.2) 37 (60.7) 79 (51.0) 0.17
Lipid lowering medication (yes) 11(32.4) 33 (54.1) 76 (49.0) 0.12
Antiplatelet agents (yes) 12 (35.3) 21 (34.4) 43 (27.7) 0.50

10 Data are mean+SD or median (interquartile range: 25% to 75%) for continuous
variables or number (proportion) of patients for categorical variables.

P values are for comparison of the three groups.

*P<0.05, dementia-group-vs—MCgreup- probable dementia group vs. possible

cognitive impairment group.

15 TP<0.05 dementiagroup-vs—normal-group- probable dementia group vs. no

impairment group.

1P<0.05-MCl-group-vs-—normal-group: possible cognitive impairment group vs. no

impairement group.

MMSE; Mini-mental State Examination
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Table 3. Correlation between Mini-mental State Examination (MMSE) score and

various clinical and laboratory parameters (n =250)

Ml\(/lljiliinfs)ore P value*
Age (years) -0.024 <0.001
Body mass index (kg/m?) 0.022 0.726
Systolic blood pressure (mmHg) -0.024 0.709
Diastolic blood pressure (mmHg) 0.143 0.024
Estimated duration of diabetes (years) -0.115 0.071
Education (years) 0.422 <0.001
Open Essence test score (points) 0.574 <0.001
Beck Depression inventory —II (points) -0.067 0.292
HbA1lc (% or mmol/mol) -0.153 0.016
Fasting blood glucose (mg/dl) -0.123 0.052
Total —cholesterol (mg/dL) 0.140 0.026
HDL-cholesterol (mg/dL) 0.110 0.083
LDL-cholesterol (mg/dL) 0.146 0.021
Triglyceride (mg/dL) -0.057 0.370
aspartate aminotransferase (U/L) -0.138 0.029
alanine aminotransferase (U/L) 0.072 0.255
y-glutamyl transpeptidase (U/L) -0.111 0.079
Uric Acid (mg/dl) -0.054 0.399
Vitamin B12 (pg/ml) 0.005 0.937
Folic acid (ng/ml) 0.133 0.035
Adiponectin (pg/ml) -0.186 0.003
Highly sensitive C-reactive protein (ng/ml) -0.055 0.393
Urinary albumin excretion (mg/g creatinine) -0.183 0.004
Brinkman Index -0.063 0.322
Alcohol consumption (g/day) 0.076 0.234

> *By Spearman's rank correlation analysis.



Table 4. Results of stepwise multivariate regression analysis for Mini-mental State

3 Examination (MMSE) score (n=250).

Independent variable

Mini-mental State Examination score

Standard error standardized coefficient 3 P value
Open Essence test score (points) 0.009 0.542 <0.001
Education (years) 0.021 0.225 <0.001
HbA1c (% or mmol/mol) 0.042 -0.145 0.003
Serum adiponectin (pg/ml) 0.007 -0.105 0.033
R’ 0.478

Only variables with P<0.05 in univariate analyses were included in the model.



