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Purpose: The risk preferences of patients with diabetes have profound effects on the 
progression of complications. The present study aimed to clarify whether the preferences 
of patients with diabetes and retinopathy are deliberately risk-seeking or irrational and 
whether this propensity is specific to those with retinopathy or is also found in patients 
without retinopathy compared with those without diabetes.
Patients and Methods: A total of 394 patients with diabetes (264 without retinopathy and 
130 with retinopathy) and 198 patients without diabetes agreed to participate in this survey. 
The questions were modified versions of those from the Japan Household Survey on 
Consumer Preferences and Satisfaction, which sought to determine the participants’ personal 
socioeconomic status and risk preferences. In the questionnaires, responses were analyzed by 
determining the participants’ willingness to pay for a lottery ticket and for an insurance 
policy. Irrational responses were defined as violations of two axioms of the Expected Utility 
Theory: completeness and transitivity.
Results: The incidence of irrational responses increased with age and was associated with 
educational level. The incidence of irrational responses was significantly higher in patients 
with retinopathy than in those without retinopathy after adjusting for age and educational 
level. There was no significant difference in the incidence of irrational responses between 
patients with diabetes but without retinopathy and those without diabetes.
Conclusion: The risk-seeking behavior of patients with diabetes and retinopathy was not 
deliberate but was irrational under uncertainty. Medical professionals should be aware of their 
patients’ propensity to make irrational decisions, which is an important risk factor for the 
progression of retinopathy in patients with diabetes regardless of age and educational level.
Keywords: behavioral economics, expected utility theory, educational level, cognitive 
function

Plain Language Summary
Recently, we demonstrated that the risk-seeking behavior of patients with diabetes is an 
important factor for the progression of diabetic complications. However, there are doubts as 
to whether patients’ risk-seeking decisions are deliberate. In the present study, we examined 
the rationality of the patients’ responses to risk preference questionnaires based on the 
Expected Utility Theory. Irrational responses were defined as violations of two axioms of 
the Expected Utility Theory: completeness and transitivity. We found that the risk-seeking 
behavior of patients with diabetes and retinopathy was not deliberate but was irrational under 

Correspondence: Naoya Emoto  
Diabetes & Thyroid Clinic, Sakura Chuo 
Hospital, 20-4, Sakaecho, Sakura City, 
Chiba 285-0014, Japan  
Tel +81-43-486-1311  
Fax +81-43-486-1314  
Email emotonaoya1954@gmail.com

submit your manuscript | www.dovepress.com Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13 4961–4971              4961

http://doi.org/10.2147/DMSO.S283591 

DovePress © 2020 Emoto et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy          Dovepress
open access to scientific and medical research

Open Access Full Text Article

D
ia

be
te

s,
 M

et
ab

ol
ic

 S
yn

dr
om

e 
an

d 
O

be
si

ty
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0003-2026-4057
mailto:emotonaoya1954@gmail.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


uncertainty. As the practical interpretation, irrationality judged by 
violations of two axioms (completeness and transitivity) may 
suggest that the patients' preference is not well-defined and it is 
hard to forecast their behavior even in the similar situations. 
Health professionals should be aware of their patients’ propensity 
to make irrational decisions, which is an important risk factor for 
the progression of retinopathy in patients with diabetes regardless 
of age and educational level.

Introduction
Diabetes is a chronic disease whose prevalence is continu
ously increasing worldwide.1 The standard treatments for 
diabetes are dietary therapy and appropriate exercise, fol
lowed by the sequential addition of antihyperglycemic 
agents.2,3 Despite the availability of scientifically estab
lished medical treatments, a significant number of patients 
with diabetes do not attain glycemic control and subse
quently experience diabetic complications primarily due to 
the failure in self-manage4 as well as due to the medication 
nonadherence.5

The failure in self-management and the medication 
nonadherence seem to be irrational behaviors to conven
tional theories of economics in case patients know about 
benefits of the treatment for the future health. The theory 
of behavioral economics has emerged as a new concept to 
clarify irrational human behavior.6 We recently reported 
the first application of this theory to patients in a clinical 
setting,7 in which we indicated that patients’ risk prefer
ences play important roles in the progression of diabetic 
complications. For example, patients who seek risk in 
judging hypothetical lotteries were prone to develop com
plications. The findings are consistent with those reported 
by Simon-Tuval et al indicating using hypothetical lot
teries that risk-seeking preferences are significantly asso
ciated with failure in self-management and the medication 
nonadherence.8,9 However, because we used an open pri
cing method in the questionnaires, there were varied 
responses. Some patients indicated that they would pay 
more for a lottery ticket than they could win, which 
seemed irrational. Therefore, it was questionable whether 
patients with risk-seeking preferences deliberately made 
their choices. Rationality of responses to risk preference 
is an important factor for patients’ education. Baker et al 
suggested that patient education will change health and 
lifestyle behavior only when traditional rationality in eco
nomics is in operation.10 To analyze the risk-seeking beha
vior of patients with diabetes and retinopathy, we 
conducted a behavioral economics survey using new 

questionnaires whose design was modified to detect irra
tional choices. Our intention was to clarify two questions: 
(1) whether the risk preferences of patients with diabetes 
with retinopathy are deliberate or irrational and (2) 
whether the irrationality is specific to patients with dia
betes and retinopathy or is also present in patients without 
retinopathy compared with those without diabetes. Given 
that educational levels can play important roles in risk 
preferences and the development of retinopathy,11 we 
also analyzed the results in association with educational 
level.

Patients and Methods
This study initially included a total of 4409 patients (2126 with 
diabetes and 2283 with nondiabetic endocrine or metabolic 
diseases) who were treated by six endocrinologists between 
2017 and 2020 at three outpatient clinics of the Department of 
Endocrinology, Diabetes, and Metabolism in medical schools 
located in Tokyo and Chiba, Japan. The clinics provide care to 
patients with difficult-to-control diabetes or other endocrine or 
metabolic diseases who have been referred by general practi
tioners. The exclusion criteria were unstable endocrine dis
ease, psychiatric disorder, mental retardation, personality 
disorder, dementia, malignant disease, inability to understand 
the Japanese language. The patients younger than 30 years old 
were also excluded because their educational levels including 
postgraduate schools may not be accomplished and therefore 
socioeconomic status may not be settled yet. All eligible 
patients were individually recruited to participate in the survey 
by their doctors at a routine clinic visit. Patients who declined 
the recruitment request were excluded. Those who agreed to 
participate (the survey participants) were given book coupons 
worth 500 yen (equivalent to $5) as token remuneration in 
addition to take-home surveys, explanation sheets, and consent 
forms. The participants were expected to examine the expla
nation sheets and consent forms at home and complete the 
survey forms and return them along with the signed informed 
consent form by mail. Even at this stage of the survey, the 
participants were free to not return the forms if they did not 
agree to answer the questions. A total of 473 patients with 
diabetes (264 without retinopathy, 130 with retinopathy, and 
79 with unknown retinopathy) and 198 patients without dia
betes completed the survey (Figure 1). Patients with diabetes 
with unknown retinopathy were excluded from the present 
analysis. Table 1 shows the patient characteristics; more 
detailed characteristics are shown in Supplemental Table S1. 
The questions were modified versions of those from our pre
vious reports7,11 and from the Japan Household Survey on 
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Consumer Preferences and Satisfaction (https://www.iser. 
osaka-u.ac.jp/survey_data/top_eng.html). The questionnaire 
sought to determine the participants’ personal socioeconomic 
status and risk preferences (Supplemental Table S2). The 
reliability and validity have been established with the general 
population12 including those with obesity13 and smoking.14 

Retinopathy was evaluated and categorized by ophthalmolo
gists via fundoscopy after pupillary dilatation according to the 
Davis classification as follows: no diabetic retinopathy, simple 
diabetic retinopathy, preproliferative diabetic retinopathy, and 
proliferative diabetic retinopathy, including panretinal photo
coagulation. Statistical analyses were performed using the 
JMP® 13 software (SAS Institute Inc., Cary, NC, USA). 
Stepwise logistic regression methods as the exploratory data 
analysis were used to identify the survey items associated with 
retinopathy. Regarding all 17 questions, except question 9 
(Q9) (average spending on medical care), sex, age, duration 
of diabetes, and body mass index were entered as independent 
variables in the stepwise regression model. Items were elimi
nated by the model in a backward stepwise manner using the 

minimum Akaike’s information criterion to choose the best 
model. Likelihood ratio tests and Pearson’s tests were used to 
compare the incidence of rational and irrational responses. 
Cochran–Mantel–Haenszel tests were used for stratified ana
lysis by age group and educational level. p < 0.05 was con
sidered to be significant. This study was conducted in 
accordance with the Declaration of Helsinki. The study proto
col, including the consent form with a confidentiality clause, 
was approved by the Internal Review Board of the Ethics 
Committee of Nippon Medical School and Juntendo 
University Urayasu Hospital.

Results
Logistic Regression Analysis of 
Questionnaires Associated with 
Retinopathy
Logistic regression analyses of questionnaires associated 
with retinopathy were performed for the confirmation of 
reproducibility of our previous report in patients in the 
present study. The analysis included 394 patients with 

Figure 1 Recruitment process.
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diabetes with and without retinopathy. Logistic regression 
analysis with backward stepwise parameter selection (it 
begins with a model containing all questionnaires and 
parameters used in the previous reports) is the best tool 
for the exploratory data analysis. Although the selection 
process is purely mathematical without any clinical mean
ings, we can avoid overlooking unexpected parameters 
associated with retinopathy. As shown in Table 2, risk 
aversion, as estimated by the maximum price, the partici
pant was willing to pay for an insurance policy (Q13), was 
significantly associated with retinopathy, along with other 
factors such as diabetes duration, spare time, 

procrastination during childhood, and savings. The max
imum price for the lottery ticket (Q12) was eliminated 
during the stepwise search for the best regression model 
because of its positive correlation with the maximum 
acceptable price for the insurance policy (Q13) (p < 
0.0001). Although it appears contradictory that risk- 
seeking (Q12 lottery) positively correlates with risk aver
sion (Q13 insurance), it is necessary to determine whether 
their responses were deliberate or irrational. Educational 
level, which has been found to be a risk factor of retino
pathy in patients with diabetes younger than 65 years in 
our previous study, was also eliminated because of its 

Table 1 Patients’ Characteristics

Non-DM DM p-value***

Retinopathy* NA (-) (+)

Number of patients 198 264 130

% of female patients 67.7 34.9 36.9 <0.001

Age, years 57.1 ± 13.8 63.8 ± 11.7 66.4 ± 11.7 <0.001

Body mass index (BMI) 23.4 ± 3.6 25.1 ± 4.5 25.0 ± 4.3 <0.001

HbA1c NA 7.25 ± 0.06 7.63 ± 0.09 0.0013

Diabetes duration (years) NA 14.7 ± 10.8 21.3 ± 10.4 <0.001

Educational level (educational years)** n (%) 0.2720
Junior high school (9 years) 10 (5.1) 19 (7.3) 14 (10.9)

High school (12 years) 68 (34.3) 83 (31.7) 52 (40.3)

Vocational college (13–15 years) 25 (12.6) 35 (13.4) 17 (13.2)
Junior college/technical college (14–15 years) 25 (12.6) 25 (9.5) 10 (7.8)

University (16 years) 59 (29.8) 91 (34.7) 35 (27.1)

Graduate school (≥18 years) 11 (5.6) 9 (3.4) 1 (0.7)

Notes: *Retinopathy (+) includes simple diabetic retinopathy, preproliferative diabetic retinopathy, proliferative diabetic retinopathy, and panretinal photocoagulation. 
**Three patients did not provide their educational level. ***Likelihood ratio tests for differences between groups.

Table 2 Logistic Regression Analysis of Factors Associated with Retinopathy in Patients with Diabetes

Parameter Estimate Standard Error Chi-Squared Value p-value

Diabetes duration 0.070 0.012 31.78 <0.001*
Q3 Time to spare {1 and 2 and 3 and 4 vs 5}# 0.432 0.182 5.61 0.018*
Q3 Time to spare {1 and 2 vs 3 and 4}# 0.209 0.146 2.06 0.152
Q6 Procrastination: childhood {1 vs 2 and 3}# 0.408 0.145 7.92 0.005*
Q7 Procrastination: if now {3 vs 2 and 1}# 0.170 0.149 1.31 0.252

Q13 Insurance, risk averse, maximum price 0.000026 0.000012 5.14 0.023*
Q15 Job status 0.150 0.144 1.09 0.296

Q16 Savings {4 and 1 vs 2 and 3}# 0.440 0.126 12.11 <0.001*

Notes: 394 patients with diabetes with or without retinopathy were included. All 17 questions except for Q9 (average spending on medical care), sex, age duration of 
diabetes, and body mass index (BMI) were entered as independent variables in the stepwise regression model. Items were eliminated by the model in a backward stepwise 
fashion using minimum Akaike’s information criterion to choose the best model. Retinopathy includes simple diabetic retinopathy, preproliferative diabetic retinopathy, 
proliferative diabetic retinopathy, and panretinal photocoagulation. #The numbers indicate choices of questionnaires indicated in Supplemental Table S2. *p < 0.05.
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correlations with savings (Q16) (p < 0.0001). This correla
tion indicates a close relationship between educational 
level and financial status in patients with diabetes. The 
results are consistent with those of our previous reports7,11 

and confirm the reproducibility of the studies. Given that 
our previous report has suggested that some of the answers 
from patients with diabetes seemed unreasonable with 
respect to the pricing of lottery tickets and insurance 
policies, we examined whether the responses were rational 
or irrational using the Expected Utility Theory.

Examination of Rationality in the Risk 
Preference Choices of Patients with 
Diabetes Using the Expected Utility 
Theory
Figure 2A shows the format of Q12 (lottery) and Q13 
(insurance), and Figure 2B shows examples of the rational 
and irrational responses given in the survey. The criteria 
for the rational choices according to the axioms of the 
Expected Utility Theory are as follows:

Axiom 1, completeness: all prices should be chosen as 
either “Purchase” or “Do not purchase.”

Axiom 2, transitivity: the choices for prices lower than 
the maximum “Purchase” price should be “Purchase.”

Rational choices must meet both axiom 1 and axiom 2. 
Violations of the two axioms are judged as irrational.

The incidence of irrational responses to Q13 (insurance) 
increased with age (30–49-year age group, 6.6%; 50–64-year 
age group, 10.3%; 65–70-year age group, 27.3%; ≥71-year age 
group, 46.0%; likelihood ratio test, chi-squared value (χ2), 95.7; 
p < 0.001) and was significantly associated with educational 
level (9–12 years of education, 33.6%; 13–15 years, 18.4%; 
≥16 years, 12.9%; likelihood ratio test, χ2, 33.6; p < 0.001). 
There was no difference in sex with respect to the incidence of 
irrational responses (male 23.4%, female 23.1%). Tables 3–5 
shows the incidence of irrational responses to Q13 by the 
patients with diabetes with and without retinopathy. Patients 
with retinopathy showed a significantly higher incidence of 
irrational responses to Q13. Among the patients with retino
pathy, 38.5% of the responses were considered irrational, 
whereas 21.5% of the responses from patients without retino
pathy and 14.1% of those from patients without diabetes were 
considered irrational. The incidence of irrational responses was 
associated with age and educational level, and these parameters 
differed between patients with and without diabetes. Therefore, 
we performed the Cochran–Mantel–Haenszel test to adjust for 
age and educational level. Tables 3–5 shows the results of the 

detailed statistical analysis, which confirmed the higher inci
dence of irrational responses in patients with retinopathy (p < 
0.01). The relative risk of irrational responses to Q13 for 
patients with diabetes and retinopathy was 1.78 (95% CI 1.
30–2.44) compared with that for those without retinopathy. 
Results from logistic regression model for irrational responses 
to Q13 containing age, presence or absence of retinopathy, and 
educational level are shown in Supplemental Table S3. The 
incidence of irrational responses to Q12 (lottery) were similar to 
those for Q13 (Tables 6–8). The relative risk of irrational 
responses to Q12 for patients with diabetes with retinopathy 
was 1.81 (95% CI 1.26–2.60) compared with that for those 
without retinopathy. Results from logistic regression model for 
irrational responses to Q12 containing age, presence or absence 
of retinopathy, and educational level are shown in 
Supplemental Table S4. There was no significant difference in 
the incidence of irrational responses to Q13 (insurance) 
between patients with diabetes without retinopathy and those 
without diabetes in the analysis stratified by age group (Table 
9). Results from logistic regression model for irrational 
responses to Q12 and Q13 containing age, patients without 
diabetes or with diabetes without retinopathy, and educational 
level are shown in Supplemental Tables S5 and S6.

Discussion
The attitude of patients with diabetes toward risk is a significant 
factor in glycemic control and the progression of complications. 
Using lottery choice tasks, Simon-Tuval et al demonstrated that 
risk-seeking patients with type 2 diabetes adhere less to self- 
care behavior and medications.8,9 We previously showed that 
patients with diabetes who were risk-seeking in judging 
hypothetical lotteries were prone to developing 
complications.7 Although the method for estimating risk pre
ferences using the maximum price that an individual‘s willing 
to pay for a lottery ticket has been proved in economics,13–15 the 
participants of these studies were usually healthy volunteers. 
Our previous report indicated that we could not differentiate 
between patients with diabetes who were deliberately risk- 
seeking and those who made irrational choices.

There are various definitions of economic rationality.10,16 

We defined irrationality as the violation of the two basic 
axioms of the Expected Utility Theory: completeness and 
transitivity. The axiom of completeness implies that respon
dents know their preference and the axiom of transitivity 
assumes that their preferences are monotonic and continuous. 
Ryan et al suggested that by using quantitative tests, there 
may be “rational” reasons for why patients’ responses were 
irrational when they were simply judged based on axioms.17 
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A

B

Figure 2 (Continued).
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Figure 2 (A) Questionnaire format for questions 12 and 13. (B) Examples of rational and irrational responses to questions 12 and 13. The circles indicate patients’ choices. 
Criteria for the rational choices according to the two axioms of the expected utility theory. Axiom 1, completeness: all prices should be chosen, either “Purchase” or “Do 
not purchase.” Axiom 2, transitivity: the choices for prices lower than the maximum “Purchase” price should be “Purchase.” Rational choices must meet both axioms 1 and 
2. Violations of the two axioms are considered as irrational.
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Campbell et al indicated that poor behavioral choices can be 
economically rational, especially under highly stressful 
conditions.16 These reports suggest that irrational responses 
may be due to study design and open-ended questions may 
reveal the rationality of “irrational” responses by patients. 
However, analysis of open-ended questions is difficult to 
draw any statistically meaningful conclusions. Therefore, it 
seems appropriate to judge irrationality by the violations of 
the axioms. The criteria are clear and robust in a large num
ber of variations of the response by patterns.

The incidences of irrational responses to Q12 and Q13 
were significantly higher for patients with diabetes and reti
nopathy than for those without retinopathy. This result 

suggests that it is not appropriate to judge patients’ prefer
ences as risk-seeking or risk aversion by estimating the 
maximum prices they are willing to pay for lottery tickets 
and insurance policies because the maximum price indicates 
only a fragment of their attitude toward risk. The results also 
suggest that irrational response could be a specific risk factor 
for patients with diabetes to progress to diabetic retinopathy. 
However, it is not clear whether patients’ irrational choices 
are the cause or the effect of poor glycemic control and 
subsequent diabetic complications. There is a similar con
troversy regarding cognitive function and type 2 diabetes 
mellitus;18,19 cognitive function appears to be an important 
factor for patients’ irrational responses, as discussed below.

There are two factors relevant to irrational responses. The 
first is that the incidence of irrational responses increased 

Table 3 Overall Analysis of Incidence of Irrational Choices to Q13 
(Insurance) in Patients with and without Diabetes and with and 
without Retinopathy by Likelihood Ratio Test and Pearson Test

Irrational, 
n (%)

Rational, 
n (%)

Total

Non-DM 28 (14.1) 170 (85.9) 198
DM Retinopathy (-) 57 (21.6) 207 (78.4) 264

DM Retinopathy (+) 50 (38.5)* 80 (61.5) 130

Notes: Non-DM: patients without diabetes. DM Retinopathy (-): patients with 
diabetes without retinopathy. DM Retinopathy (+): patients with diabetes and 
retinopathy. Retinopathy includes simple diabetic retinopathy, preproliferative dia
betic retinopathy, proliferative diabetic retinopathy, and panretinal photocoagula
tion. Rational choices meet the two axioms: completeness and transitivity. 
Violations of the two axioms are judged as “Irrational” as shown in Figure 2. 
*Likelihood ratio test; chi-squared value (χ2), 25.628; p < 0.001. Pearson test; χ2, 
26.765; p < 0.001.

Table 4 Cochran–Mantel–Haenszel Tests for Data in Table 3 
Stratified by Age Group

Age Group, 
Years

Non-DM/DM 
Retinopathy (-) (+)

Irrational 
n (%)

Rational 
n (%)

30–49 Non-DM 2 (3.2) 61 (96.8)

DM Retinopathy (-) 3 (8.8) 31 (91.2)

DM Retinopathy (+) 1 (10) 9 (90)

50–64 Non-DM 6 (9.4) 58 (90.6)

DM Retinopathy (-) 7 (8.3) 77 (91.7)
DM Retinopathy (+) 8 (19.5) 33 (80.5)

65–70 Non-DM 9 (24.3) 28 (75.7)

DM Retinopathy (-) 15 (22.1) 53 (77.9)

DM Retinopathy (+) 8 (30.8) 18 (69.2)

≥71 Non-DM 11 (32.4) 23 (67.7)

DM Retinopathy (-) 32 (41.0) 46 (59.0)
DM Retinopathy (+) 33 (63.3) 20 (37.7)

Notes: Correlation of scores: χ2, 10.15; p = 0.0014. Row score by column 
categories: χ2,12.43; p = 0.0020. Column score by row categories: χ2,10.15; p = 
0.0014. General association of categories: χ2,12.43; p = 0.0020.

Table 5 Cochran–Mantel–Haenszel Tests for Data in Table 3 
Stratified by Educational Level

Education 
Years

Non-DM/DM 
Retinopathy (-) (+)

Irrational 
n (%)

Rational 
n (%)

9–12 Non-DM 19 (24.4) 59 (75.6)

DM Retinopathy (-) 30 (29.4) 72 (70.6)

DM Retinopathy (+) 31 (47.0) 35 (53.0)

13–15 Non-DM 5 (10.0) 45 (90.0)

DM Retinopathy (-) 7 (11.7) 53 (88.3)

DM Retinopathy (+) 10 (37.0) 17 (63.0)

≥16 Non-DM 4 (5.7) 66 (94.3)

DM Retinopathy (-) 18 (18.0) 82 (82.0)

DM Retinopathy (+) 8 (22.2) 28 (77.8)

Notes: Three patients did not provide their educational levels. Correlation of 
scores: χ2, 20.81; p < 0.001. Row score by column categories: χ2, 21.94; p < 
0.001. Column score by row categories: χ2, 20.81; p < 0.001. General association 
of categories: χ2, 21.94; p < 0.001.

Table 6 Overall Analysis of Incidence of Irrational Choices to 
Q12 (Lottery) in Patients with and without Diabetes and with 
and without Retinopathy by Likelihood Ratio Test and Pearson 
Test

Irrational, 
n (%)

Rational, 
n (%)

Total

Non-DM 27 (13.6) 171 (85.4) 198

DM Retinopathy (-) 46 (17.4) 218 (82.6) 264
DM Retinopathy (+) 41 (31.5)* 89 (68.5) 130

Notes: Non-DM: patients without diabetes. DM Retinopathy (-): patients with 
diabetes without retinopathy. DM Retinopathy (+): patients with diabetes and 
retinopathy. Retinopathy (+) includes simple diabetic retinopathy, preproliferative 
diabetic retinopathy, proliferative diabetic retinopathy, and panretinal photocoagula
tion. “Rational” choices meet the two axioms: completeness and transitivity. 
Violations of the two axioms are considered as “irrational” as shown in Figure 2. 
*Likelihood ratio test: chi-squared value (χ2), 16.046; p < 0.001. Pearson test: 
χ2,17.204; p < 0.001.
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with age. In the ≥71-year age group, 49% of patients with 
diabetes and 32% of patients without diabetes gave irrational 
responses to Q13, whereas only 10% and 3%, respectively, of 
the 30–49-year age group gave irrational responses. The age- 
dependent increase in irrational responses, which was pro
minent in patients with retinopathy, may be due to deteriora
tion in cognitive function. This result was consistent with the 
already established fact that mild cognitive impairment is 
common in patients with diabetes.20–23 Educational level 
was another relevant factor for irrational responses. The 

lower the educational level, the higher the incidence of irra
tional responses. The results suggest that cognitive function 
plays an important role in irrational responses. However, it 
should be noted that cognitive function appears not to be the 
only determinant factor because analysis stratified by age 
group and educational level still showed a significantly 
higher incidence of irrational responses in patients with 
diabetes and retinopathy; there were irrational responses in 
the most educated patients without diabetes in the younger 
age group. There may still be an undetermined factor that 
induces patients’ irrational choices. One of the possible fac
tors could be brain function specific to risk preferences. 
Irrational decision-making under uncertainty is influenced 
by the brain dopamine system in rats.24 Insulin resistance in 
brain alters dopamine turnover and results in behavioral 
disorders.25 The brain dopamine system might be a pre- 
existing factor, and brain insulin resistance might affect the 
system and result in deterioration in glycemic control in 
some patients with diabetes. To clarify the mechanism of 
association between irrational preferences and retinopathy, 
a broad range of experiments will be necessary, including 
well-designed experiments for risk preferences combined 
with the estimation of multidomain cognitive function and 
quantitative measurements of brain insulin resistance in 
humans.

Sampling bias may be a limitation of this study, parti
cularly in patients without diabetes. We decided that 
healthy volunteers are not suitable as nondiabetic controls 
because the psychology of patients with any disease is 
different from that of normal healthy individuals. 
However, further studies would be necessary for patients 
with various diseases other than endocrine and metabolic 

Table 7 Cochran–Mantel–Haenszel Tests for Data in Table 6 
Stratified by Age Group

Age Group, 
Years

Non-DM/DM 
Retinopathy (-) (+)

Irrational 
n (%)

Rational 
n (%)

30–49 Non-DM 4 (6.4) 59 (93.7)

DM Retinopathy (-) 4 (11.8) 30 (88.2)
DM Retinopathy (+) 1 (10) 9 (90)

50–64 Non-DM 3 (4.7) 61 (95.3)
DM Retinopathy (-) 5 (6.0) 79 (94.0)

DM Retinopathy (+) 7 (17.1) 34 (82.9)

65–70 Non-DM 7 (18.9) 30 (81.1)

DM Retinopathy (-) 11 (16.2) 57 (83.8)
DM Retinopathy (+) 6 (23.1) 20 (76.9)

≥71 Non-DM 13 (38.2) 21 (61.8)
DM Retinopathy (-) 26 (33.3) 52 (66.7)

DM Retinopathy (+) 27 (50.9) 26 (49.1)

Notes: Correlation of scores: χ2, 5.27; p = 0.0217. Row score by column cate
gories: χ2, 8.04; p = 0.0180. Column score by row categories: χ2, 5.27; p = 0.0217. 
General association of categories: χ2, 8.04; p = 0.0180.

Table 8 Cochran–Mantel–Haenszel Tests for Data in Table 6 
Stratified by Educational Level

Education, 
Years

Non-DM/DM 
Retinopathy (-) (+)

Irrational 
n (%)

Rational 
n (%)

9–12 Non-DM 17 (21.8) 61 (78.2)

DM Retinopathy (-) 23 (22.6) 79 (77.4)
DM Retinopathy (+) 26 (39.4) 40 (60.6)

13–15 Non-DM 4 (8.0) 46 (92.0)
DM Retinopathy (-) 6 (10.0) 54 (90.0)

DM Retinopathy (+) 8 (29.6) 19 (70.4)

≥16 Non-DM 6 (8.6) 64 (91.4)

DM Retinopathy (-) 16 (16.0) 84 (84.0)

DM Retinopathy (+) 6 (16.7) 30 (83.3)

Notes: Three patients did not provide their educational levels. Correlation of 
scores: χ2, 11.73; p < 0.001. Row score by column categories: χ2, 13.34; p = 
0.0013. Column score by row categories: χ2, 11.73; p < 0.001. General association 
of categories: χ2, 13.34; p = 0.001.

Table 9 Incidence of Irrational Choices to Q13 (Insurance) in 
Patients without Diabetes and Patients with Diabetes without 
Retinopathy

Age Group, 
Years

Non-DM/DM Irrational, 
n (%)

Rational, 
n (%)

Total

30–64 Non-DM 8 (6.3) 119 (93.7) 127

DM Retinopathy (-) 10 (8.5) 108 (91.5) 118

65 or older Non-DM 20 (28.2) 51 (71.8) 71

DM Retinopathy (-) 47 (32.2) 99 (67.8) 146

Notes: Non-DM: patients without diabetes. DM Retinopathy (-): patients with 
diabetes without retinopathy. “Rational” choices meet two criteria: completeness 
and transitivity. Otherwise, the choices are judged as irrational, as shown in 
Figure 2. Likelihood ratio test for the 30–64-year age group: chi-squared value 
(χ2), 0.425; p = 0.5143. Pearson test for the 30–64-year age group: χ2, 0.425; p = 
0.5145. Likelihood ratio test for the 65-year or older age group: χ2, 0.365; p = 
0.5455. Pearson test for age group 65 or older: χ2, 0.362; p = 0.5473.
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diseases. Some patients were not enrolled due to the exclu
sion criteria, and others declined the survey recruitment 
request. Even after agreeing to participate, one-fifth of the 
participants did not return the survey sheet probably 
because they were unwilling to answer the questions con
cerning their privacy. Although certain types of sampling 
bias might be inevitable in any survey that depends on 
patient volunteerism, our data are validated as follows. 
Age and sex differences were adjusted via stratified ana
lysis. The socioeconomic status indicated by educational 
level was not significantly different among the three cate
gories. Patients with an educational level above high 
school in the present study comprised 57.6% of the study 
population, which is compatible with the proportion of 
54.0% in Japan (Japanese Government Statistics 2017). 
Taken together, it might be reasonable to state that the 
patients in the present study were representative of the 
patients in Japan. However, further studies are warranted 
in other countries and ethnic groups to confirm these 
results.

Conclusion
We demonstrated that the risk-seeking preferences of 
patients with diabetes and retinopathy are not deliberate 
but irrational and that irrational responses to risk prefer
ence questionnaires are a risk factor for the progression of 
retinopathy in patients with diabetes regardless of age and 
educational level. As the practical interpretation, irration
ality judged by violations of two axioms (completeness 
and transitivity) may suggest that the patients’ preference 
is not well-defined and it is hard to forecast their behavior 
even in the similar situations. Different educational and 
psychological approaches may be necessary for patients 
with diabetes based on whether their risk-seeking prefer
ences are deliberate or irrational.
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