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Purpose: Patients with thyrotoxicosis show neuropsychological changes, and these may 
damage the quality of informed consent in clinical practice. Therefore, we examined 
patients’ real-life preferences to assess whether change in risk preferences was dependent 
on thyroid function state.
Patients and Methods: The participants were 86 patients who were newly diagnosed with 
Graves’ thyrotoxicosis between 1 January and 31 December 2018 (group A), and an 
additional 33 euthyroid patients diagnosed before 2018 (group B). In a survey conducted 
via a questionnaire based on the concept of behavioral economics, we sought to determine 
risk preferences, rationality of choices, and other relevant factors. An identical second survey 
was completed 6–12 months later by 36 patients in group A after their thyroid functions had 
been normalized by treatment, and by 11 euthyroid patients in group B. We performed paired 
analysis of the first and second surveys in 32 patients of group A and single regression 
analysis of a total of 140 surveys obtained from 119 patients by combining the first 
and second surveys of groups A and B with serum level of FT3 as an independent variable.
Results: The paired analysis indicated that there was no significant difference in any survey 
item. The single regression analysis revealed that willingness-to-pay (WTP) for preventive 
medicine and monthly average out-of-pocket (OOP) expenditure on medical care were both 
significantly positively associated with serum level of FT3. Patients in the hyperthyroid state 
tend to have high WTP for preventive medicine, which may be accelerated by the anchoring 
effect of OOP expenditure.
Conclusion: Almost all risk preferences of patients with Graves’ disease are constant, 
rational, and reproducible in the hyperthyroid and euthyroid states. However, medical 
professionals should be aware that the willingness of patients with thyrotoxicosis to pay 
for medical costs may change after the normalization of thyroid function.
Keywords: informed consent, behavioral economics, out-of-pocket expenditure, anchoring 
effects

Introduction
It has been reported that patients with thyrotoxicosis show mental disturbances and 
behavioral changes that can include manic, depressive, or cognitive decrements.1,2 

These patients sometimes have difficulty in concentrating and problems with 
memory or decision making.3–6 These mental symptoms usually disappear after 
reaching euthyroidism.7,8 Although the biological mechanism for these symptoms 
remains unknown, recent studies using functional neuroimaging techniques of 
positron emission tomography (PET) and single photon emission computed 
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tomography (SPECT) have revealed that excessive thyroid 
hormone induces abnormal metabolism in the limbic sys-
tem and frontal cortex.9–11

Informed consent for clinical treatment has evolved to 
become vitally important in modern medical practice. In 
general, informed consent requires patients to have the 
capacity to make relevant decisions in an autonomous 
and rational way,12 in consideration of the specific risks 
and benefits. In patients who have mental disorders, spe-
cial care should be taken to recognize possible disabilities 
in decision making when processing informed consent.13 

Even without overt mental disturbance, however, it may be 
questionable whether patients with Graves’ thyrotoxicosis 
are capable of making the reasonable decisions that the 
treating physicians would expect. If thyroid function state 
has a marked effect on patient preferences, then medical 
professionals should consider having a supporting deci-
sion-maker for the patient. Therefore, clarifying the risk 
preferences of patients with Graves’ thyrotoxicosis seems 
critical for achieving high-quality informed consent.

The present study aimed to examine the risk prefer-
ences of patients with Graves’ disease in terms of whether 
their risk preferences were constant or changed depending 
on thyroid function state. We have previously investigated 
risk preferences in a survey comprising real-life risk pre-
ference questions designed based on the concept of beha-
vioral economics.14–16 In these studies, we demonstrated 
that irrational risk-seeking choices of patients with dia-
betes contributed to the progression of diabetic complica-
tions. We applied the same survey to patients with Graves’ 
thyrotoxicosis and compared the results with those in the 
euthyroid state.

Patients and Methods
All 86 patients who were diagnosed with Graves’ thyro-
toxicosis between 1 January and 31 December 2018 
(group A) were consecutively recruited to participate in 
a survey at the outpatient clinic of the Department of 
Diabetes, Endocrinology and Metabolism, Nippon 
Medical School Chiba Hokusoh Hospital, Chiba, Japan. 
The diagnosis of Graves’ disease was based on hyperthyr-
oxinemia, >1% of the Tc-99m pertechnetate thyroid uptake 
with bilateral diffuse scintigraphy and a positive thyroid 
stimulating hormone (TSH)-binding inhibitory immuno-
globulin (TBII) or thyroid stimulating antibody 
(TSAb).17 Also recruited to participate in the survey 
were an additional 33 patients with Graves’ disease who 
had been diagnosed prior to 2018 and had been in 

euthyroid state for at least one year previously (group B). 
The exclusion criteria were consciousness disturbance 
(confusion, delirium, lethargy, stupor, and coma), overt 
psychiatric disorder (patients who required consulting 
with psychiatrists), mental retardation, dementia, inability 
to understand Japanese language, and those who declined 
the recruitment request. In addition to the take-home sur-
vey, explanation sheet, and consent form, each survey 
participant was given book coupons worth ¥500 (equiva-
lent to $5 USD) as token remuneration. The participants 
were asked to examine the explanation sheets and consent 
forms at home, complete the survey forms, and return 
them along with the signed informed consent form by 
postal mail. Of the 119 participants, 54 patients in group 
A and 11 patients in group B were recruited to participate 
in a second survey (flow chart in Supplemental Figure S1). 
The interval between the first and second surveys was 6– 
12 months, and all patients were in euthyroid state with 
methimazole, propylthiouracil (n = 3), or iodine (iodine 
only, n = 3; methimazole with iodine, n = 2) at the time of 
the second survey. The duration in euthyroid state in group 
A patients at the second survey was 112 ± 91 days (mean ± 
SD). We used the same questionnaire for both surveys, as 
described previously,14–16 as a modified version of the 
Japan Household Survey on Consumer Preference and 
Satisfaction by the Institute of Social and Economic 
Research, Osaka University, Osaka, Japan (https://www. 
iser.osaka-u.ac.jp/survey_data/top_eng.html). The reliabil-
ity and validity of the questionnaire have been established 
in the general population,18 including those with obesity19 

and smokers.20 The survey items sought to determine 
patients’ risk preferences as well as relevant factors such 
as personal socioeconomic status, mind and mood, and 
propensity (Supplemental Table S1, the Japanese version 
is shown in Supplemental Figure S2). We examined ration-
ality in answers to hypothetical lottery and insurance pol-
icy questions (Q12 and Q13). Irrational answers were 
defined as violations of two axioms of the expected utility 
theory: completeness and transitivity, as described in our 
previous report.16 Serum levels of free thyroxine (FT4), 
free triiodothyronine (FT3), and thyrotropin (TSH) were 
determined at the time of survey recruitment by micro-
particle enzyme immunoassay using an automated Abbott 
AxSYM system (Abbott, Tokyo, Japan). TBII and TSAb 
were measured by the DYNOtest TRAb Human kit 
“Yamasa” and the TSAb kit YAMASA EIA (Yamasa, 
Chiba, Japan). This study was conducted in accordance 
with the principles of the Declaration of Helsinki. The 
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study protocol, including the consent form with confiden-
tiality clause, was approved by the Internal Review Board 
of the Ethics Committee of Nippon Medical School.

Statistical Analysis
Statistical analyses were performed using JMP® 13 (SAS 
Institute Japan, Tokyo, Japan). Paired analysis of differ-
ences between the results of the first and the second sur-
veys were assessed with Student’s paired t-test for 
continuous variables and McNemar–Bowker test for nom-
inal scales. Using serum level of FT3 as an independent 
variable, single regression analysis was performed for the 
answers to Q1–Q5 and Q8–13 as dependent variables in 
which all answers were treated as continuous variables. 
Single logistic regression analysis was performed for the 
answers to Q6 and Q7 (procrastination) and Q12 and Q13 
(rationality), with serum level of FT3 as an independent 
variable. In multiple regression analysis, variance inflation 
factor was used to detect multicollinearity. Statistical sig-
nificance was set at p < 0.05.

Results
Table 1 lists the participants’ characteristics. The first 
survey was completed by 65 patients in group A (76%) 
and 28 patients in group B (85%), and the second survey 
was completed by 36 patients in group A (67%), after their 
thyroid functions had been normalized by treatment, and 
11 patients in group B (100%). Table 2 shows paired 
analysis of differences between the first and the second 
survey in patients in group A who were hyperthyroid at the 
first survey and euthyroid at the second survey. A total of 
32 paired samples were obtained and analyzed with paired 

t-tests for continuous variables and McNemar–Bowker 
tests for nominal scales. The paired test found no signifi-
cant difference in responses to all survey items between 
the first and the second surveys.

Due to the diverse severities of thyrotoxicosis, we 
considered that dichotomization as hyperthyroid or euthyr-
oid could risk loss of critical information and analytic 
power. Therefore, we analyzed the data using serum 
level of FT3 as a marker of thyroid function. Table 3 
shows the single regression analysis of each survey item, 
using serum level of FT3 as an independent variable. 
A total of 140 surveys (combined first and second surveys 
of groups A and B) were analyzed, obtained from 119 
patients. There was no association of the answers to risk 
preference items (Q1, Q2, Q10–13) with serum level of 
FT3. In addition, FT3 level did not influence survey items 
related to mind and mood: feeling rushed (Q3), sleep 
deprivation (Q4, Q5), estimated propensity to procrastinate 
(Q6, Q7), accept medical uncertainty (Q8), and make 
rational choices (Q12, Q13). In the items regarding pre-
ferences, willingness-to-pay (WTP) for a medicine that 
could reduce cardiovascular disease (CVD) risk 
(WTPcvr) (Q11) was the only factor significantly asso-
ciated with serum level of FT3 (p = 0.0052). Figure 1 
shows the linear fit of WTPcvr prices according to FT3 
level (R2 = 0.058). WTPcvr increased as FT3 level 
increased; however, among the relevant factors, out-of- 
pocket (OOP) monthly expenditure on medical care 
(OOPmed) (Q9) was also positively associated with FT3 
level (Figure 2) (R2 = 0.0508, p = 0.0079). OOPmed was 
also associated with WTPcvr (Figure 3) (R2 = 0.0840, p = 
0.0008). The same results were obtained when we 

Table 1 Clinical Characteristics of the Participants

Group A Group B p value

Thyroid Status at Initial Survey Recruitment Hyperthyroid Euthyroid

n (male:female) 86 (16:70) 33 (3:30)
Treatment duration Within 1 month 1–20 years < 0.001

Age (y) 47.2 ± 14.2 51.7 ± 16.8 0.184

TSH (µIU/mL) (0.35–4.94)a < 0.001 1.69 ± 1.16 < 0.001
FT3 (pg/mL) (1.71–3.71)a 5.73 ± 4.48 2.52 ± 0.31 < 0.001

FT4 (ng/dL) (0.70–1.48)a 1.76 ± 0.83 0.95 ± 0.12 < 0.001

First survey returned, n (%) 65 (76) 28 (85) 0.260

Second survey recruitment n (male:female) 54 (10:44) 11 (1:10) 0.419

Second survey returned, n (%) 36 (67) 11 (100) 0.005

Notes: Age and serum levels of TSH, FT3, and FT4 are presented as mean ± standard deviation. aReference range.
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analyzed data using serum levels of FT4 as a marker of 
thyroid function (Supplemental Figures S3 and S4).

To clarify the relationship between average OOPmed, 
WTPcvr, and serum level of FT3, we performed multiple 
regression analysis using WTPcvr as a dependent variable 
(Table 4). In this analysis, we included subjective risk esti-
mation for CVD (Q10) and economic status (Q17) as inde-
pendent variables because it seems reasonable to assume that 
these factors might affect WTPcvr price. The results indicate 
that FT3 level and OOPmed were independently associated 
with WTPcvr. Subjective risk estimation (Q10) and eco-
nomic status (Q17) were not significantly associated with 

WTPcvr. Multiple regression that allowed for correlation 
between the same individuals revealed the robust result of 
a statistically significant positive correlation between FT3 
level and WTPcvr. No correlation between FT3 level and 
OOPmed was observed under this assumption.

Discussion
Patients’ decision making in the process of informed consent 
is complicated by various factors, including mood state and 
personality traits.12,21 Although it has been previously sug-
gested that patients with thyrotoxicosis showed impaired 
decision making,6 it is unclear whether their impaired 

Table 2 Paired Analysis of Differences Between the First and the Second Survey in Group A Patients (Hyperthyroid at the First Survey 
and Euthyroid at the Second Survey)

Variable First Second t or Chi-Square p value

Age (y) 46.0 ± 14.2 46.7 ± 14.2

Survey returned,a n (%) 39 (75) 36 (69) 0.818 0.366

Body mass index (kg/m2) 21.5 ± 3.1 22.1 ± 3.0 4.77 < 0.001

TSH (µIU/mL) (0.35–4.94)b < 0.001d 1.85 ± 1.28 10.4 < 0.001

FT3 (pg/mL) (1.71–3.71)b 6.03 ± 4.76 2.39 ± 0.31 –5.50 < 0.001

FT4 (ng/dL) (0.70–1.48)b 1.79 ± 0.86 0.92 ± 0.15 –6.83 < 0.001

Q1 General risk loving, weather 50.5 ± 21.6 50.3 ± 19.5 –0.425 0.681

Q2 General risk averse, travel 22.9 ± 11.0 20.8 ± 9.2 –1.02 0.317

Q3 Feeling rushedc 2.60 ± 1.10 2.50 ± 1.20 –0.205 0.839

Q4 Sleeping hours 6.29 ± 1.04 6.25 ± 1.00 –0.636 0.530

Q5 Sleep deprivationc 3.10 ± 1.19 3.14 ± 1.22 0.279 0.782

Q6 Procrastination, childhooda Early:Daily:End, n (%) 5:8:26 (13:21:67) 8:8:20 (22:22:56) 2.00 0.572

Q7 Procrastination, nowa Early:Daily:End, n (%) 22:9:8 (58:23:21) 19:10:7 (53:28:19) 1.20 0.753

Q8 Acceptance of medical uncertaintyc 2.10 ± 0.94 1.94 ± 0.83 –1.36 0.184

Q9 OOPmed (¥/month) 8141 ± 6094 6012 ± 3726 –1.99 0.056

Q10 Subjective risk estimation for CVD (people/100) 30.7 ± 25.1 34.2 ± 23.0 0.781 0.441

Q11 WTPcvr (¥/month) 8929 ± 16,378 7000 ± 9789 –1.33 0.194

Q12 Lottery, risk taker, maximum price (¥) 1327 ± 215 1286 ± 221 –0.576 0.569

Q12 Irrational response, n (%)a 5 (12.8) 5 (13.9) 0.333 0.564

Q13 Insurance, risk averse, maximum price (¥) 2810 ± 2432 4473 ± 8536 1.19 0.245

Q13 Irrational response, n (%)a 5 (12.8) 4 (11.1) 0.000 1.000

Notes: A total of 32 paired samples were analyzed. Data are presented as the number, %, or mean ± standard deviation. Paired t-tests were performed for continuous 
variables. aFor nominal scales, McNemar–Bowker tests were applied using chi-square test. bReference range. cOrdinal scales were treated as continuous variables. dTSH < 
0.001 (µIU/mL) was calculated as zero. 
Abbreviations: OOPmed, out-of-pocket average monthly expenditure on medical care; CVD, cardiovascular disease; WTPcvr, willingness-to-pay for a medicine that could 
reduce CVD risk.
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decision making has a serious impact on the quality of 
informed consent in clinical practice. The design of the 
survey questionnaire used in the present study (Table 
S1)14–16 was based on the theory of behavioral economics, 
which has emerged as a new concept for clarifying irrational 
human behavior.22 Some of the survey items were adopted 
from an existing survey on consumer preference (Japan 
Household Survey on Consumer Preferences and 
Satisfaction19,20). It is more suitable to examine patients’ 
preferences in real life, which are relevant to informed 
consent, than to use those estimated by instrumental assess-
ment. The present results demonstrated that general risk 
preferences, those of mind and mood (estimated by the 
survey items feeling rushed and sleep deprivation), and 

propensity estimated for the items procrastination, accep-
tance of medical uncertainty, and rationality of choices in 
patients with Graves’ disease in thyrotoxicosis were not 
significantly different from those in the euthyroid state, and 
were not associated with serum level of FT3. Regarding the 
paired analysis, the second survey was completed within 
one year after the first survey. This time interval might be 
too short for any difference to be detected, because it has 
been reported that some patients who achieve euthyroid 
function after treatment might still have neuropsychological 
problems.8,23 However, in terms of the quality of informed 
consent it is important that patients’ decisions would not 
fluctuate over such a short period. Our results suggest that as 
long as their mental status is not seriously impaired, 

Table 3 Single Regression Analysis of Survey Items Using Serum Level of FT3 as an Independent Variable

Dependent Variable n, %, or Mean ± SD Estimate Standard Error t Ratio or  
Chi-Square

p value

Surveys returned,a,b n (%) 140 (76) –0.064 0.063 1.01 0.315

Q1 General risk loving, weather 50.8±20.3 0.716 0.470 1.52 0.130

Q2 General risk averse, travel 20.9±11.0 –0.015 0.258 –0.060 0.954

Q3 Feeling rushedc 2.60±1.20 0.013 0.029 0.740 0.642

Q4 Sleeping hours 6.22±1.08 –0.011 0.025 –0.420 0.676

Q5 Sleep deprivationc 3.01±1.22 –0.019 0.029 –0.670 0.501

Q6 Procrastination, childhoodb Early:Daily:End, n (%) 26:31:83 (19:22:59)

Early vs End –0.058 0.070 0.690 0.407
Daily vs End –0.237 0.131 3.24 0.072

Q7 Procrastination, nowb Early:Daily:End, n (%) 80:31:29 (57:22:21)
Early vs End –0.034 0.058 0.440 0.509

Daily vs End 0.007 0.063 0.010 0.906

Q8 Acceptance of medical uncertaintyc 2.06±0.88 –0.013 0.020 –0.660 0.510

Q9 OOPmed (¥/month) 7189±6271 385 143 2.70 0.008

Q10 Subjective risk estimation for CVD (people/100) 31.1±22.4 –0.624 0.522 –1.20 0.234

Q11 WTPcvr (¥/month) 7306±11,436 741 261 2.84 0.005

Q12 Lottery, risk taker, maximum price (¥) 1095±1474 24.6 34.4 0.710 0.476

Q12 Irrational response, n (%)b 20 (14.3) –0.009 0.069 0.020 0.895

Q13 Insurance, risk averse, maximum price (¥) 4061±7512 4.53 176 0.030 0.980

Q13 Irrational response, n (%)b 20 (14.3) –0.029 0.076 0.150 0.6945

Notes: A total of 140 surveys (combined first and second surveys of groups A and B) obtained from 119 patients were analyzed. aSurvey return rate was analyzed as the 
serum FT3 levels obtained at recruitment. bFor the nominal scales, logistic regression analysis was performed with chi-square test. cOrdinal scales were treated as 
continuous variables. 
Abbreviations: OOPmed, out-of-pocket average monthly expenditure on medical care; CVD, cardiovascular disease; WTPcvr, willingness-to-pay for a medicine that could 
reduce CVD risk.
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informed consent obtained from patients with Graves’ thyr-
otoxicosis is robust and independent of thyroid function 
state.

The questionnaire items WTP for a lottery ticket (Q12) 
and for an insurance policy (Q13) were used to determine 
rationality. Irrational responses were defined as violations of 
two axioms of the expected utility theory: completeness and 
transitivity.24 These two axioms are familiar from consumer 
theory and are relevant to the process of informed consent. 
Gilboa speculated that the completeness axiom indicates that 
a certain choice has to be made and it rules out random 

choices, and that transitivity (for any three outcomes A, B, 
and C, a preference for A over B and a preference for B over 
C implies a preference for A over C) is a mode of behavior 
that people would like to see themselves following.25 In 
other words, following transitivity means that people under-
stand what kind of behavior is expected of them. Patients are 
expected to make decisions following the logic that physi-
cians recognize to be a matter of course, but this is not 
always the case. We recently demonstrated that the inci-
dence of violation of the two axioms was higher in patients 
with diabetes and retinopathy than in those without 
retinopathy.16 The present results indicated that incidence 
of violations of the axioms (irrational responses in Q12 and 
Q13) is not associated with thyroid function state, thus 
proving that the rationality in patients’ decision making 
was constant and deliberate.

The only exception among the preference items was for 
WTPcvr when compared with serum level of FT3. WTPcvr 
was positively associated with serum level of FT3. This 
result is robust with the assumption of the error term. This 
finding suggests that thyrotoxicosis may induce patients to 
be generous with their money. Yuan et al reported that 
patients with hyperthyroidism preferred a high immediate 
gain but greater loss over time, estimated by Iowa Gambling 
Test.6 Although we did not examine the myopic time pre-
ferences in the present study, bold gambling bets in patients 
with thyrotoxicosis may be compatible with generosity with 
their money and higher levels of WTPcvr.

However, there is a possible contradiction to this inter-
pretation. The result may be caused by “anchoring” of out- 

Figure 3 Linear fit of prices willing to pay for reducing CVD risk (Q11) according 
to average out-of-pocket expenditure on medical care (Q9). A total of 131 answers 
in 111 patients were analyzed. Price willing to pay (¥/month) = 3484 + 0.540 × out- 
of-pocket expenditure (¥/month), R2 = 0.0840. Analysis of variance; degree of 
freedom = 1, sum of square = 1,448,079,694, F Ratio = 11.84, p = 0.0008.

Figure 1 Linear fit of prices willing to pay for reducing CVD risk (Q11) according 
to serum level of FT3. Of the 140 returned survey forms from a cumulative total of 
184 surveys given to 119 patients, 7 surveys in 6 patients did not have answers for 
Q11. A total of 133 answers in 113 patients were analyzed. Price willing to pay 
(¥/month) = 4219 + 741 × FT3 (pg/mL), R2 = 0.0580. Analysis of variance; degree of 
freedom = 1, sum of square = 1,000,897,112, F Ratio = 8.06, p = 0.0052.

Figure 2 Linear fit of average out-of-pocket expenditure on medical care (Q9) 
according to serum level of FT3. Of the 140 returned survey forms from 
a cumulative total 184 surveys given to 119 patients, Q9 was not answered in two 
surveys. A total of 138 answers in 117 patients were analyzed. Out-of-pocket expen-
diture (¥/month) = 5599 + 385 × FT3 (pg/mL), R2 = 0.0508. Analysis of variance; degree 
of freedom = 1, sum of square = 273,587,993, F Ratio = 7.28, p = 0.0079.
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of-pocket monthly expenditure on medical care 
(OOPmed). Tversky and Kahneman described that in this 
phenomenon, people make estimates by starting with an 
initial value that is then adjusted to yield the final 
answer.26 Different starting points yield different esti-
mates, which are biased toward the initial values. 
Because anchors that have informational relevance to the 
task can lead to the anchoring effect, it is plausible that 
OOPmed may be the initial value of the estimation of 
WTPcvr. OOPmed is high during the first few months of 
medical care due to the number of tests that are required in 
a newly diagnosed patient, including blood tests for thyr-
oid function and antibodies, nuclear thyroid scans, ultra-
sonography, and assessment of the cardiovascular system 
and other comorbidities. After the initiation of anti-thyroid 
medication, blood tests are then obtained every two to four 
weeks to monitor thyroid function and adverse effects until 
the euthyroid state is established. Additional assessments 
would be necessary in patients with comorbidities such as 
atrial fibrillation, heart failure, ophthalmopathy, glucose 
intolerance, or liver damage. Although this correlation is 
sensitive to the assumption of the error term, it may be 
possible that increased WTPcvr was the result of anchor-
ing effects of OOPmed.

In consideration of other aspects of WTP for preventive 
medicine, it has been reported that spending for health care 
is closely related to household income worldwide.27–29 In 
our previous study, we conducted exactly the same survey 
in patients with diabetes or stable endocrine or metabolic 
diseases.16 By way of comparison, we performed multiple 
regression analysis of the factors associated with WTPcvr 
from the data of that study. The results, listed in 
Supplemental Table S2,16 show that economic status was 
significantly associated with WTPcvr in patients with 
chronic diseases, but OOPmed was not. There was no 
anchoring effect of OOPmed on WTPcvr in patients with 

chronic diseases, whereas economic status had a strong 
impact. It should be noted that the association of serum 
level of FT3 with WTPcvr was statistically independent 
from OOPmed and economic status shown in Table 4. 
Thyrotoxicosis increased patients’ WTPcvr independently 
of the anchoring effect. However, it has been suggested that 
this effect may be influenced by cognitive ability, person-
ality traits, and mood,30 and that hyperthyroidism affects 
decision making,6 executive function,4 and mood.2 

Therefore, thyrotoxicosis may additionally increase 
WTPcvr by accelerating the anchoring effect of OOPmed.

One limitation of this study is that it included a small 
number of cases in a single facility in Japan. To avoid 
sampling bias, we recruited all patients who were newly 
diagnosed in 2018 and no patients were excluded by the 
recruitment criteria. At the time of recruitment, all of the 
patients agreed to participate, but the overall survey response 
rate was 76%. Accordingly, we collected no data from 24% 
of the eligible patients. However, the response rate was 
73.9% in patients with thyrotoxicosis and 78.2% in euthyroid 
state, which was not significantly different. Therefore, it may 
be plausible that the response rate did not affect the overall 
conclusions. Demographic factors may be another limitation, 
and could have influenced responses to survey items regard-
ing risk preferences. Risk preferences relevant to informed 
consent should be investigated for every country, ethnic 
group, and socioeconomic status by a method that does not 
depend on patients’ willingness to volunteer. Further studies 
will be necessary in this regard. Despite these limitations, the 
present study supports the robustness of informed consent 
obtained from patients with Graves’ thyrotoxicosis.

In conclusion, the risk preferences of patients with 
Graves’ disease are constant and reproducible in both the 
hyperthyroid and euthyroid states. Informed consent dur-
ing thyrotoxicosis is reliable as long as the patient’s mental 
status is not seriously impaired. However, patients in 

Table 4 Multiple Regression Analysis of Factors Associated with Price Willingness-to-Pay for a Medicine Reducing CVD Risk 
(WTPcvr) (Q11)

Independent Variable Estimate Standard 
Error

t Ratio p value VIF

Age (y) 24.6 68.0 0.360 0.718 1.02

FT3 (pg/mL) 533 263 2.03 0.044 1.06
Q9 OOPmed (¥/month) 0.435 0.160 2.72 0.008 1.08

Q10 Subjective risk estimation for CVD (people/100) –81.8 42.6 –1.92 0.057 1.02

Q17 Economic statusa –162 1141 –0.140 0.887 1.02

Notes: A total of 140 surveys obtained from 119 patients were analyzed. aOrdinal scale was treated as a continuous variable. 
Abbreviations: OOPmed, out-of-pocket average monthly expenditure on medical care; CVD, cardiovascular disease; VIF, variance inflation factor.
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thyrotoxicosis may have higher levels of willingness to 
pay for medical costs than those in the euthyroid state, 
which may change after normalization of thyroid function. 
The findings of the present study suggest that investiga-
tions of disease-specific preference changes may be neces-
sary for every disease.
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