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Background

Diabetes is associated with a significantly increased risk of dementia [1-3]. Ott et al. [1] reported 
that diabetes mellitus had almost doubled the risk of dementia. Cukierman et al. [2] reported that 
diabetes mellitus had 1.6 times risk for dementia in meta-analysis. In Japan, the patients with type 
2 diabetes have 1.6 times risk for Alzheimer’s Disease (AD) and vascular dementia [3]. The Revised 
Hasegawa Dementia Scale (HDS-R) has been established in Japan and, like the Mini Mental State 
Examination (MMSE), is used as a common diagnostic test for dementia [4,5]. HDS-R consists of 
9 questions, takes approximately 10 min to complete, and is occasionally difficult to implement 
in busy out-patient clinical settings. Recently, 1-min mental status examination for category 
fluency was useful to evaluate dementia or mild cognitive impairment [6-8]. One-Min Animal 
Test (OMAT) is a quick and simple examination for category fluency that asks subjects to list as 
many different animals as possible in 1 min. Moreover, the category “animals” is more appropriate 
than “vegetables” to measure semantic category fluency because it is not confounded by sex-related 
differences [9]. The OMAT cut-off score of 13/14 balanced the sensitivity closest to 1.00 while 
enabling the highest specificity in the identification of patients who scored less than 21 were defined 
as HDS-R(+) [10]. The aim of this study was whether OMAT was useful to evaluate for HDS-R(+) 
with clinical characteristics.

Methods

A total of 220 consecutive patients with diabetes who visited the outpatient clinic at Fujiidera 
Municipal Hospital from December 2013 to January 2018 were enrolled in this study. A diabetologist 
working at the hospital administered the OMAT and HDS-R tests. Tests were conducted in a single-
blinded manner on the same day. The study protocols were in accordance with the Declaration 
of Helsinki, and were approved by the ethics committee of the Fujiidera Municipal Hospital 
(number 28-3). Informed consent was obtained from all the subjects or their close relatives prior to 
participation.
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Abstract
Background: It has been reported that patients with type 2 diabetes have a high incidence of 
dementia. Early detection of dementia is important in patients with diabetes. Revised Hasegawa 
Dementia Scale (HDS-R) takes about 10 min to complete, is commonly used as a mental status 
screening examination in Japan. One-Minute Animal Test (OMAT) takes 1 min to complete. We 
examined for its usefulness at detecting cognitive decline in patients with type 2 diabetes.

Methods: A total of 220 consecutive patients with type 2 diabetes who visited the outpatient clinic 
at the Fujiidera Municipal Hospital were enrolled. The patients underwent the OMAT and HDS-R 
on the same day. The patient with a score of 20 or less on HDS-R was HDS-R(+). To explore the 
association of HDS-R(+), univariate logistic regression analysis and multivariate logistic regression 
analysis were performed by using parameters of OMAT and clinical characteristics.

Results: Age, male sex, presence of cerebrovascular disease, and OMAT were significant factors 
associated with HDS-R(+) at univariate logistic regression analysis. OMAT was a significant factor 
associated with HDS-R(+) with age and male sex at multivariate logistic regression analysis.

Conclusions: OMAT is a simple and useful test as a mental status screening examination in patients 
with type 2 diabetes.
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1-Min animal test
We previously reported the method [10]. The OMAT is a quick 

and simple examination for category fluency that asks subjects to list 
as many different animals as possible in 1 min [4,5]. A previous report 
has shown that a cut-off score of 13/14 on the OMAT was able to 
distinguish patients with AD from control subjects with a sensitivity 
of 0.91 and a specificity of 0.81 [6]. The number of animal names 
that could be verbally generated by the subjects was measured in this 
study.

HDS-R
The HDS-R has been established in Japan and, like the MMSE, 

is used as a common diagnostic test for dementia; the HDS-R has 
been demonstrated to be diagnostically more accurate compared to 
the MMSE [11]. The HDS-R consists of 9 simple questions with a 
maximum score of 30 points. Subjects are asked to state their age, 
date, place, repeat 3 words, perform serial subtraction of 7 starting at 
100, recall digits backwards, recall 3 words, recall 5 objects, and state 
the names of vegetables [4,5]. The number of correct answers was 
measured and converted into scores based on the HDS-R assessment 
scale. A score of 20/21 on the HDS-R has been shown to discriminate 
between normal cognition and dementia with a sensitivity of 0.90 and 
a specificity of 0.82. Therefore, patients who scored less than 21 were 
defined as HDS-R(+) and the patients who scored 21 or more were 
defined HDS-R(-) in this study.

Laboratory values and clinical diagnosis
Laboratory values and clinical diagnosis were collected on the day 

of or within 1 month of OMAT and HDS-R. Laboratory parameters 
were analyzed at Fujiidera Municipal Hospital. Hemoglobin A1c 
(HbA1c) levels were measured by using the high-performance 
liquid chromatography method and were expressed in the National 
Glycated Hemoglobin Standardization Program equivalent values 
(in percent). The estimated Glomerular Filtration Rate (eGFR) was 
calculated using the formula proposed by the Japanese Society of 
Nephrology: eGFR (mL/min/1.73 m2) =194 × serum creatinine−1.094 × 
age−0.287 (× 0.739, for a female patient) [12]. Presence of hypertension, 
hyperlipidemia, and cerebrovascular disease were diagnosed by a 
diabetologist on the day of OMAT and HDS-R.

Statistical analysis
The data are expressed as the number (percentage) or as the mean 

± the standard deviation. For comparisons between patients with 
HDS-R(-) and HDS-R(+), the unpaired Student’s t test was used for 
continuous variables and the chi-square test was used for categorical 
variables. To explore the association of HDS-R(+), univariate logistic 
regression analyses was performed with age, sex (female =0, male 
=1), duration of diabetes, HbA1c, eGFR, presence of hypertension 
(no=0, yes=1), presence of hyperlipidemia (no=0, yes=1), presence 
of cerebrovascular disease (no=0, yes=1), and OMAT. To explore 
the association of HDS-R(+), multiple logistic regression analyses 
was performed with adjustment for age, sex (female =0, male =1), 
presence of cerebrovascular disease (no=0, yes=1), and OMAT. A 
p-value <0.05 was statistically significant. Statistical analyses were 
performed using JMP14.2 (SAS Institute Inc., Cary, NC, USA).

Results
Clinical background of the patients

Table 1 shows the clinical characteristics of all patients. The mean 
age, duration of diabetes, HbA1c level, and eGFR in all patients were 

71.1 ± 10.4 years, 14.0 ± 9.8 years, 7.0% ± 0.7%, and 64.7 ± 19.2 mL/
min/1.73 m2, respectively. Among these patients, 50.9% were male, 
61.8% had hypertension, 54.5% had hyperlipidemia, and 10.5% had 
cerebrovascular disease.

Forty-five (20.5%) patients were HDS-R(+) and 175 (79.5%) 
patients were HDS-R(-) (Table 1). Table 1 shows that the patients 
with HDS-R(+) had higher age, higher prevalence of male sex, longer 
duration of diabetes, higher frequency of cerebrovascular disease, and 
lower score of OMAT than the patients with HDS-R(-).

Factors associated with HDS-R(+) in patients with type 2 
diabetes

To explore the association of HDS-R(+), univariate logistic 
regression analyses was performed with age, sex (female =0, male 

 All 
patients HDS-R (-) HDS-R (+) p-value

n 220 175 45

Age (y) 71.1 ± 10.4 69.7 ± 10.6 76.2 ± 7.4 P<0.01

Male sex, n (%) 112 (50.9) 83 (47.4) 29 (64.4) P<0.05

Duration of diabetes (y) 14.0 ± 9.8 13.2 ± 9.2 17.4 ± 11.4 P<0.05

HbA1c (%) 7.0 ± 0.7 7.4 ± 1.2 7.4 ± 1.2 ns

eGFR(ml/min/1.73m2) 64.7 ± 19.2 64.9 ± 19.4 63.8 ± 18.6 ns
Presence of hypertension, n 
(%) 136 (61.8) 111 (63.4) 25 (55.6) ns

Presence of hyperlipidemia, 
n (%) 120 (54.5) 100 (57.1) 20 (44.4) ns

Presence of cerebrovascular 
disease, n (%) 23 (10.5) 13 (7.4) 10 (22.2) P<0.05

OMAT 12.9 ± 4.7 13.9 ± 4.7 9.2 ± 2.7 P<0.01

HDS-R 24.3 ± 4.4 26.1 ± 2.6 17.5 ± 2.8 P<0.01

Table 1: Clinical characteristics of the patients.

The data are expressed as the n (%) or as the mean ± the standard deviation. 
The p-value was determined by using the Student’s t-test or the chi-square test.
HDS-R: Revised Hasegawa Dementia Scale; HDS-R (-): A Score of 21 or More; 
HDS-R (+): A Score of Less Than 21; HbA1c: Hemoglobin A1c; eGFR: Estimated 
Glomerular Filtration Rate; OMAT: 1-Minute Animal Test

 Odds ratio 95%CI p-value

Age (y) 1.089 1.039-1.141 <0.001

Male sex 2.009 1.019-3.960 0.044

Duration of diabetes (y) 1.03 0.995-1.067 0.089

HbA1c (%) 1.103 0.803-1.516 0.548

eGFR (ml/min/1.73 m2) 1.006 0.986-1.026 0.57

Presence of hypertension 1.957 0.944-4.058 0.071

Presence of hyperlipidemia 1.483 0.734-2.996 0.272

Presence of cerebrovascular disease 3.56 1.445-8.772 0.006

OMAT 0.552 0.447-0.681 <0.001

Table 2: Univariate logistic regression analysis examining the association with 
HDS-R (+).

HDS-R: Revised Hasegawa Dementia Scale; HbA1c: Hemoglobin A1c; eGFR: 
Estimated Glomerular Filtration Rate; OMAT: 1-Minute Animal Test

 Odds ratio 95%CI p-value

Age (y) 1.092 1.025-1.163 0.002

Male sex 5.354 2.090-13.719 <0.001

Presence of cerebrovascular disease 2.812 0.853-9.271 0.092

OMAT 0.559 0.451-0.692 <0.001

Table 3: Multivariate logistic regression analysis examining the association with 
HDS-R (+).

HDS-R: Revised Hasegawa Dementia Scale; OMAT: 1- Minute Animal Test
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=1), duration of diabetes, HbA1c, eGFR, presence of hypertension 
(no=0, yes=1), presence of hyperlipidemia (no=0, yes=1), presence 
of cerebrovascular disease (no=0, yes=1), and OMAT in patients 
with diabetes (Table 2). Age (Odds Ratio: 1.089, 95% CI: 1.039-1.141, 
p<0.001), male sex (Odds Ratio: 2.009, 95% CI: 1.019-3.960, p=0.044), 
presence of cerebrovascular disease (Odds Ratio: 3.560, 95% CI: 
1.445-8.772, p=0.006), and OMAT (Odds Ratio: 0.552, 95% CI: 0.447-
0.681, p<0.001) were significant factors for HDS-R(+) at univariate 
logistic regression analysis, respectively. Table 3 shows that age (Odds 
Ratio: 1.083, 95% CI: 1.019-1.151, p=0.0099), male sex (Odds Ratio: 
5.290, 95% CI: 2.084-13.427, p=0.0005), and OMAT (Odds Ratio: 
0.556, 95% CI: 0.449-0.689, p<0.0001) were independent factors for 
HDS-R(+), respectively.

Discussion
One-min mental status examination for category fluency was 

useful to evaluate dementia or mild cognitive impairment [6-8]. 
This study was the first report that OMAT was an independent 
factor for dementia or mild cognitive impairment at multivariate 
logistic regression analysis performed with OMAT and clinical 
characteristics.

Educational background, hypertension, diabetes, obesity, 
smoking, high consumption of alcohol, lack of exercise, depression, 
hearing impairment, rare social contact, traumatic brain injury, 
and air pollution were reported as risk factors for dementia [13]. In 
patients with type 2 diabetes, an incident rate of dementia was 1.6 times 
higher than non-diabetes [2,3]. Fukazawa et al. [14] reported that the 
subgroup showing neither a CVD pattern nor an AD pattern had 
significantly older age, higher hemoglobin A1c level, longer duration 
of diabetes, higher frequency of insulin therapy, lower frequency of 
apolipoprotein E4 carriers, less severe medial temporal lobe atrophy, 
more impaired attention, less impaired word recall, and slower 
progression of cognitive impairment than the subgroup showing 
an AD pattern. They called their subgroup diabetic dementia. In the 
JEDIT study [15] performed in Japan, diabetic nephropathy, high 
systolic blood pressure, high triglyceride, and low HDL-cholesterol 
were associated with cognitive decline in older diabetic patients. The 
factors for high incidence of dementia in patients with type 2 diabetes 
were speculated atherosclerosis, microvascular disease, glucose 
toxicity, accumulation of AGEs, insulin resistance, and metabolic 
disorder of Amyloid-β [16].

It was reported that earlier initiation of treatment in patients 
with mild-to-moderate AD had some beneficial effects on long-
term disease development by global functioning, cognition, and 
ADL measures [17,18]. This suggests that early detection and early 
treatment are important for suppression of cognitive decline in 
patients with diabetes, because diabetic patients have high incidence 
of dementia. In HDS-R, ninth question is to ask category fluency. 
HDS-R is required 10 min and OMAT is required 1 min. OMAT is 
simple and useful to evaluate dementia or mild cognitive impairment 
[6-8]. The category “animals” is more appropriate than “vegetables” 
to measure semantic category fluency because it is not confounded by 
sex-related differences [9]. The OMAT cut-off score of 13/14 balanced 
the sensitivity closest to 1.00 while enabling the highest specificity in 
the identification of patients who scored less than 21 were defined 
as HDS-R (HDS-R (+)) [10]. Yajima et al. [17] reported that OMAT 
was more useful than mini-mental state examination to evaluate the 
reliability of insulin self-injection in elderly diabetic patients.

The present study has some limitations. First, the possibility of 

dementia was considered based on the HDS-R score alone and no 
other tests were administered to validate this assumption. The gold 
standards for the diagnosis of dementia are the ICD-10, NIA-AA, 
and DSM-5 tests. Second, the HDS-R is an examination to assess the 
presence or absence of cognitive dysfunction, in particular, memory. 
The OMAT is a simple examination to assess the presence or absence 
of cognitive dysfunction. We did not examine the association 
between the different types of dementia and the results of the HDS-R 
or the OMAT in this study. Third, the subjects of the present study 
were a total of 220 patients. Fourth, the tests were conducted in a 
single-blinded manner. Fifth, educational background, smoking, 
high consumption of alcohol, lack of exercise, depression, hearing 
impairment, rare social contact, traumatic brain injury, and air 
pollution as risk factors for dementia were not included for risk 
factors in this study. Sixth, it is unclear the association between onset 
of dementia and OMAT. Further studies are necessary to address this 
issue.

Conclusion
OMAT is a simple and useful test as a mental status screening 

examination in patients with type 2 diabetes.
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