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ABSTRACT

Introduction: We previously reported several
factors that cross-sectionally correlate with
treatment satisfaction in Japanese patients with
type 2 diabetes visiting diabetes clinics. The aim
of this study is to identify factors associated
with longitudinal changes in treatment satis-
faction in patients with type 2 diabetes.
Methods: The study included 649 patients with
type 2 diabetes treated with oral glucose-lower-
ing agents who completed the first question-
naire in 2016. The collected data included

scores from the Diabetes Treatment Satisfaction
Questionnaire (DTSQ) and other parameters
regarding diabetes treatment. We analyzed
1-year longitudinal changes in DTSQ scores and
investigated factors associated with these
changes.
Results: Univariate linear regression analyses
showed that changes in body weight, adherence
to diet therapy, adherence to exercise therapy,
cost burden, motivation for treatment, regular-
ity of mealtimes, and perceived hypoglycemia
correlated with changes in DTSQ scores. On the
basis of multiple linear regression analyses, a
decrease in hypoglycemia (b ± SE = - 0.394 ±

0.134, p = 0.0034), cost burden (b ± SE =
-0.934 ± 0.389, p = 0.017), and an increase in
treatment motivation (b ± SE = 1.621 ± 0.606,
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p = 0.0077) correlated with DTSQ score increa-
ses, suggesting that motivation for treatment
had the strongest impact on score increases.
Subgroup analyses revealed that an increase in
motivation for treatment most significantly
correlated with a DTSQ score increase in obese
and poor glycemic control groups, regardless of
age.
Conclusion: This is the first longitudinal study
clarifying that an increase in motivation for
treatment most strongly correlates with an
increase in DTSQ score in patients with type 2
diabetes.

Keywords: Treatment satisfaction;
Longitudinal study; Type 2 diabetes

Key Summary Points

Most previous studies about treatment
satisfaction in patients with diabetes have
been cross-sectional, and sufficient
longitudinal studies have not been carried
out.

In this manuscript, we investigated factors
associated with 1-year longitudinal
changes in treatment satisfaction.

This study showed that a decrease in
hypoglycemia and cost burden and an
increase in motivation for treatment
correlate significantly with an increase in
the Diabetes Treatment Satisfaction
Questionnaire (DTSQ) score, and
increased motivation for treatment had
the strongest impact on increased
treatment satisfaction especially in the
obese group and poor glycemic control
group, regardless of age.

This is the first study assessing associations
between longitudinal changes in DTSQ
score and changes in each related factor
for a large number of patients.

INTRODUCTION

Patients with diabetes need to practice daily
self-management, such as dietary control,
exercise, and medication use. However, most
patients feel burdened with this self-manage-
ment, and their quality of life is likely to dete-
riorate [1]. One of the goals of diabetes
treatment is to maintain the quality of life of
patients at the same level as that of healthy
people. Therefore, it is important to evaluate
not only clinical outcomes but also patient-re-
ported outcomes. Treatment satisfaction has
often been used as an indicator of the quality of
medical care for patients with diabetes [2].

Several studies have researched the factors
associated with treatment satisfaction in
patients with type 2 diabetes mellitus. High
levels of glycosylated hemoglobin (HbA1c) [3]
and diabetes complications [3, 4] reportedly
correlate with lower treatment satisfaction. Our
previous study using the Diabetes Treatment
Satisfaction Questionnaire (DTSQ) and the
study-specific questionnaire revealed that body
mass index (BMI), adherence to diet therapy
and medication use, motivation for treatment,
and use of sodium-glucose cotransporter 2
inhibitor (SGLT2i) were positively associated
with treatment satisfaction and that HbA1c,
irregular diet schedule, cost burden, and per-
ceived hypoglycemia were negatively associated
with treatment satisfaction in patients with
type 2 diabetes visiting diabetes clinics [5].

Most previous studies about treatment satis-
faction in patients with diabetes have been
cross-sectional, and sufficient longitudinal
studies have not been carried out. Therefore, it
is not fully elucidated which factors should be
focused on in diabetes treatment to increase
treatment satisfaction. In addition, it remains
unclear whether factors associated with a
change in treatment satisfaction differ accord-
ing to various clinical backgrounds, among
elderly or nonelderly, obese or nonobese, and
under good or poor glycemic control groups.
The aim of this study is to identify diabetes
treatment factors which correlate with a 1-year
longitudinal change in DTSQ score in patients
with type 2 diabetes.
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METHODS

Subjects

We enrolled patients with type 2 diabetes, who
attended the outpatient clinics of four diabetes
clinics located in the urban districts of the
western area of Japan (Hayashi Clinic, Watan-
abe Clinic, Nakata Clinic, and Ryoya Komatsu
Clinic).

Inclusion criteria: (1) Patients who had been
treated with one or more oral glucose-lowering
agents (OGLAs), and also had completed the
first questionnaire from April to September
2016. (2) Patients who completed the second
questionnaire from July 2017 to March 2018.

Exclusion criteria: (1) Patients who we could
not follow up. (2) Patients whose second ques-
tionnaire lacked some data; as DTSQ total scores
could not be calculated.

The number of patients who met inclusion
criterion (1) was 754 (5); the number of those
who met the inclusion criteria (1) and (2) was
680. Seventy-four patients were missing because
we could not follow up with the entire sample.
Furthermore, the number of patients who met
exclusion criterion (2) was 31. Consequently, a
total of 649 patients (277 at Watanabe Clinic,
150 at Nakata Clinic, 119 at Hayashi Clinic, and

103 at Ryoya Komatsu Clinic) participated in
this study (Fig. 1). This study was approved by
the Institutional Ethics Review Board of Osaka
University Hospital and was carried out in
accordance with the principles of the Declara-
tion of Helsinki, and a signed consent form was
obtained from each subject.

Questionnaires and Methods

We implemented the DTSQ [6], specifically the
Japanese version [7], and a study-specific
patient questionnaire designed to explore
treatment adherence, diabetes complications,
cost burden, social support, and lifestyle,
including mealtime or work time irregularities
(see Table S1 in the electronic supplementary
material for details), which was used in our
previous study [15]. Data on age, sex, BMI,
HbA1c, duration of diabetes, and visit interval
were collected from physician forms (see
Table S2 in the electronic supplementary mate-
rial for details). Information on adherence to
diet therapy, exercise therapy, medication use,
diabetes complications, cost burden, family
support, and lifestyle was collected from the
study-specific patient questionnaire (Table S1),
which was also included in the same afore-
mentioned study. The DTSQ is composed of

Fig. 1 Study flowchart showing patient enrollment
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eight items related to the current treatment of
diabetes: (1) overall satisfaction, (2) perceived
hyperglycemia, (3) perceived hypoglycemia, (4)
convenience, (5) flexibility, (6) understanding
of diabetes, (7) willingness to recommend cur-
rent treatment to others, and (8) willingness to
continue the current treatment. Each item is
rated on a 7-point Likert scale, with a score
ranging from 0 (very dissatisfied or never) to 6
(very satisfied or most of the time). All scores
except items 2 and 3 were added to determine
the DTSQ total score (range 0–36), representing
the self-reported treatment satisfaction level of
the patient. The average DTSQ score at the time
of the previous study was 27.3, which suggested
that the patients were considered to be a group
with relatively high satisfaction level compared
to the previously reported insulin-treated type 2
diabetes group [8]. The study-specific question-
naire answered by the patients consisted of
items related to treatment adherence (ques-
tions 1–3), diabetes complications (ques-
tions 4–8), motivation for treatment
(question 9), cost burden (question 10), social
support (question 11), and lifestyle (ques-
tions 12–13); these were the same as the ques-
tions used previously. The physician-completed
form was composed of clinical data on age, sex,
anthropometric measurements, HbA1c, use of
OGLAs, and the interval between visits. In
addition, medical records were examined to
determine whether the patients received nutri-
tion education from nutritionists during the
longitudinal period.

The study methods were the same as those
described in our previous paper [5]. Briefly, each
patient who completed the study-specific ques-
tionnaire and the Japanese version of the DTSQ
was informed that the answers to the two
questionnaires would not be viewed by the
attending doctor. The doctor completed the
physician form for the same patient and sent it
to the Department of Diabetes Care Medicine,
Graduate School of Medicine, Osaka University.

Statistical Analysis

Continuous data are presented as the
mean ± standard deviation; categorical data are

expressed as frequencies and percentages. The
reported HbA1c value was based on the
National Glycohemoglobin Standardization
Program (NGSP). Associations between a change
in DTSQ total score and various parameters
were analyzed using multiple linear regression
analysis. Subgroup analyses of associations were
performed according to three clinical back-
grounds: an elderly (C 65 years) or nonelderly
(\65 years) group, an obese (C 25 kg/m2) or
non-obese (\ 25 kg/m2) group, and a good
(\7%) or poor (C 7%) glycemic control group.
Statistical analyses were performed using the
statistical software EZR (Easy R) (R 9 64 3.2.2)
[9]. The significance level was set at p\ 0.05.

RESULTS

Characteristics of Study Participants

The characteristics of the study participants are
listed in Table 1. The mean age of the subjects
was 66, and the mean HbA1c was 6.9%
(52 mmol/mol) at 1 year after starting the
study. Regarding diabetic complications, the
prevalence of each complication recognized by
the patients was less than 10%. Almost all
patients adhered to diabetic medication use
(very good or good); however, only approxi-
mately two-thirds of the patients adhered to
diet therapy, and only half adhered to exercise
therapy. Most of the patients reported that their
motivation for diabetes treatment was high,
whereas the remaining 13% of the patients
answered that it was medium or low. For life-
style, 12% and 23% of the patients reported
irregularity of mealtimes and working time,
respectively. Most of the patients visited out-
patient clinics once every 1 or 2 months.
Regarding the cost burden for diabetes treat-
ment, more than half of the patients reported
that they felt economically burdened (high or
medium). The use of OGLAs and other pre-
scriptions are summarized in detail, as reported
in the physician form, in Table 1. Dipeptidyl
peptidase 4 inhibitors (DPP4is) were used by
68% of the patients, biguanide by 61%, and
sodium-glucose cotransporter 2 inhibitors by
17%. The dosages of OGLAs are also listed.
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Table 1 Characteristics of the study subjects and number and percentage of patients with diabetes complications, treatment
adherence, lifestyle, social support, and cost burden, as obtained from the study-specific patient questionnaire

At the start of the study After 1 year

Age (years) 65 ± 11 66 ± 11

Sex (male/female) 488/262 419/227

Body mass index (kg/m2) 24.8 ± 4.1 24.6 ± 4.1

Duration of diabetes (years) 11.2 ± 7.6 12.1 ± 7.5

HbA1c (%) (mmol/mol) 7.0 ± 0.6 (53 ± 6.7) 6.9 ± 0.8 (52 ± 9.0)

Complications

Nephropathy (yes/no or unknown) 44/709 38/610 (6/94)

Retinopathy (yes/no or unknown) 52/702 54/594 (8/92)

Neuropathy (yes/no or unknown) 51/700 44/594 (7/93)

Cardiovascular diseases (yes/no or unknown) 73/678 65/574 (10/90)

Diabetic foot (yes/no or unknown) 22/729 26/612 (4/96)

Adherence

Adherence to diet therapy (very good/good/not good/

poor)

42/451/228/33 (6/60/30/4) 46/380/207/14 (7/59/32/2)

Adherence to exercise therapy (very good/good/not good/

poor)

88/325/271/68 (12/43/36/

9)

76/270/248/53 (12/42/38/

8)

Adherence to taking medications (very good/good/not

good/poor)

568/180/6/0 (75/24/1/0) 493/145/9/1 (76/23/1/0)

Motivation for treatment (high/medium/low) 656/91/5 (87/12/1) 555/81/2 (87/13/0.3)

Lifestyle

Regularity of mealtime (regular/almost regular/irregular) 292/354/106 (39/47/14) 254/305/79 (40/48/12)

Regularity of working time (regular or no work/irregular) 567/185 (75/25) 489/148 (77/23)

Interval between visits to clinics (0.5/1/2/C 3 months) 4/526/175/4 (1/74/24/1) 2/455/175/6 (0.3/71/27/

0.9)

Social support

Family support (yes/no) 496/256 (66/34) 428/210 (67/33)

Economics

Cost burden (high/medium/low) 82/361/308 (11/48/41) 55/297/285 (9/47/45)

Use of medications

Sulfonylurea (yes/no) 264/487 (35/65) 209/435 (33/68)

Biguanide (yes/no) 450/303 (60/40) 395/250 (61/39)

Dipeptidyl peptidase 4 inhibitor (yes/no) 527/227 (70/30) 441/204 (68/32)

Alpha-glucosidase inhibitor (yes/no) 167/586 (22/78) 134/510 (21/79)
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Correlations of Change in DTSQ Total
Score with Changes in Various Factors

The mean DTSQ total score was 27.7, with a
change from the first administration of the
questionnaire of 0.25 (Table 2). Univariate lin-
ear regression analysis to evaluate correlations

of changes in DTSQ total scores with changes in
various factors, as adjusted for the previous
value of each factor and the previous DTSQ total
scores, is shown in Table 3. Among the param-
eters, changes in body weight, adherence to diet
therapy, adherence to exercise therapy, cost
burden, motivation for treatment, regularity of
mealtimes, and perceived hypoglycemia signif-
icantly correlated with changes in DTSQ total
score. Conversely, initiation or cessation of
each OGLA was not associated with a change in
DTSQ total score.

Table 4 provides the results of multiple linear
regression analyses, revealing correlations for a
change in DTSQ total score and changes in
various factors with significant associations
with a change in DTSQ total score, which are
shown in Table 3. Each factor was analyzed in
three models: model 1—adjusted for the general
factors such as age, sex, and the previous value
of each factor and the previous DTSQ total
scores, as we investigated the relationship
between the changes of them; model 2—ad-
justed for the change in HbA1c, which was
clinically supposed to have a relation with
treatment satisfaction, in addition to the factors
used in model 1; and model 3—adjusted for all
other factors with significant associations with a
change in DTSQ total score, which are shown in
Table 3, in addition to the factors used in
model 2. In overall analyses, the decrease in cost

Table 1 continued

At the start of the study After 1 year

Thiazolidine (yes/no) 36/715 (5/95) 38/604 (6/94)

Glinide (yes/no) 153/600 (20/80) 136/508 (21/79)

Sodium-glucose cotransporter 2 inhibitor (yes/no) 91/659 (12/88) 112/533 (17/83)

Antihypertensive drugs (yes/no) 370/381 (49/51) 323/315 (51/49)

Antihyperlipidemia drugs (yes/no) 347/405 (46/54) 305/333 (48/52)

Number of OGLA tablets/day (B 3/4–6/7–9/C 10) 392/250/95/16 (52/33/13/

2)

313/227/90/16 (48/35/14/

2)

Times of taking medications/day (1/2/3/C 4) 125/277/179/173 (17/37/

24/23)

103/241/152/146 (16/38/

24/23)

Data are presented as the mean ± standard deviation or number of subjects (%)

Table 2 Individual item and total score of the Diabetes
Treatment Satisfaction Questionnaire (DTSQ)

Mean – SD

1. Overall satisfaction 4.92 ± 0.98

2. Perceived hyperglycemia 2.40 ± 1.66

3. Perceived hypoglycemia 0.96 ± 1.44

4. Convenience 4.61 ± 1.22

5. Flexibility 4.48 ± 1.25

6. Understanding of diabetes 4.39 ± 1.12

7. Willingness to recommend current

treatment to others

4.42 ± 1.38

8. Willingness to continue current

treatment

4.84 ± 1.07

DTSQ total score 27.67 ± 5.45

Change of DTSQ total score 0.25 ± 5.40
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burden and perceived hypoglycemia and moti-
vation for treatment correlated with an increase
in DTSQ total score. Furthermore, adherence to
diet therapy and regularity of mealtime tended
to be related to an increase in DTSQ total score.
According to the values of the standard partial
regression coefficient, the increase in motiva-
tion for treatment (model 1, 2.327 ± 0.587;
model 2, 2.343 ± 0.590; model 3, 1.621 ±

0.606) had the strongest impact on enhanced
treatment satisfaction compared to the decrease

in cost burden (model 1, - 1.310 ± 0.392;
model 2, - 1.328 ± 0.395; model 3, - 0.934 ±

0.389) and the decrease in perceived hypo-
glycemia (model 1, - 0.427 ± 0.132; model 2,
- 0.451 ± 0.134; model 3, - 0.394 ± 0.134). We
also investigated the relationships between the
change of treatment satisfaction and the dura-
tion of diabetes, the number of other drugs, and
the presence or absence of malignancy and
depression, all of which may be related to

Table 3 Correlations of a change in DTSQ total score with various factors based on univariate linear regression analyses

b – SE p value

Change in HbA1c - 0.238 ± 0.251 0.34

Change in weight - 0.111 ± 0.045 0.013

Change in adherence to diet therapy 1.029 ± 0.328 0.0018

Change in adherence to exercise therapy 0.641 ± 0.284 0.024

Change in adherence to taking medications 0.570 ± 0.423 0.18

Change in cost burden - 1.345 ± 0.381 \ 0.001

Change in family support 0.978 ± 0.511 0.056

Change in motivation for treatment 2.327 ± 0.586 \ 0.001

Change in regularity of mealtime - 0.844 ± 0.346 0.015

Change in regularity of working time - 0.181 ± 0.501 0.72

Change in perceived hypoglycemia - 0.401 ± 0.131 0.0024

Change in perceived hyperglycemia - 0.100 ± 0.121 0.41

Change in interval between visits to clinics 0.207 ± 0.500 0.68

Change in number of OGLA tablets/day - 0.209 ± 0.126 0.10

Change in use of SU - 0.430 ± 0.689 0.53

Change in use of biguanide - 0.725 ± 0.605 0.23

Change in use of dipeptidyl peptidase 4 inhibitor - 0.279 ± 0.562 0.62

Change in use of alpha-glucosidase inhibitor - 0.817 ± 0.814 0.32

Change in use of thiazolidine 1.835 ± 1.200 0.13

Change in use of glinide 0.532 ± 0.807 0.51

Change in use of sodium-glucose cotransporter 2 inhibitor - 0.390 ± 0.661 0.56

All were adjusted for the previous value of each factor and DTSQ total score
OGLA oral glucose-lowering agent, SU sulfonylurea
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treatment satisfaction. However, we found no
significant association.

Additionally, we evaluated the possible
association of nutrition education during the
longitudinal period with an increase in adher-
ence to diet therapy or treatment satisfaction.
The number of patients who received nutrition
education from nutritionists one or more times
was 179 at Watanabe Clinic, 33 at Nakata
Clinic, 71 at Hayashi Clinic, and 74 at Ryoya
Komatsu Clinic. Overall, receiving nutrition
education had no association with an increase
in adherence to diet therapy or increase in
treatment satisfaction. Moreover, both DTSQ
total scores and their longitudinal changes were
not significantly different between groups that
did or did not receive nutrition education.

Subgroups Analyses

Subgroup analyses were also performed accord-
ing to three clinical backgrounds. In the elderly
group, an increase in adherence to diet therapy
and motivation for treatment correlated with
an increase in DTSQ score, whereas an increase
in HbA1c level or number of OGLAs correlated
with a decrease in DTSQ score. In the none-
lderly group, increased motivation for treat-
ment correlated with increased DTSQ scores,

Table 4 Associations of a change in DTSQ total score
with various factors based on univariate linear regression
analyses

b – SE p value

Change in weight

Model 1 - 0.104 ± 0.045 0.021

Model 2 - 0.103 ± 0.045 0.024

Model 3 - 0.063 ± 0.045 0.16

Change in adherence to diet therapy

Model 1 0.999 ± 0.338 0.0032

Model 2 0.991 ± 0.341 0.0038

Model 3 0.613 ± 0.353 0.083

Change in adherence to exercise therapy

Model 1 0.608 ± 0.287 0.034

Model 2 0.610 ± 0.289 0.035

Model 3 0.412 ± 0.291 0.16

Change in cost burden

Model 1 - 1.310 ± 0.392 0.0010

Model 2 - 1.328 ± 0.395 0.0010

Model 3 - 0.934 ± 0.389 0.017

Change in motivation for treatment

Model 1 2.327 ± 0.587 \ 0.001

Model 2 2.343 ± 0.590 \ 0.001

Model 3 1.621 ± 0.606 0.0077

Change in regularity of mealtime

Model 1 - 0.833 ± 0.353 0.019

Model 2 - 0.819 ± 0.355 0.021

Model 3 - 0.658 ± 0.357 0.066

Change in perceived hypoglycemia

Model 1 - 0.427 ± 0.132 0.0013

Model 2 - 0.451 ± 0.134 0.0010

Table 4 continued

b – SE p value

Model 3 - 0.394 ± 0.134 0.0034

Model 1: adjusted for age, sex, the previous value of each
factor, and the previous DTSQ total score
Model 2: adjusted for the change in HbA1c in addition to
the factors used in model 1
Model 3: adjusted for all the other factors in addition to
the factors used in model 2

716 Diabetes Ther (2022) 13:709–721



but increased hypoglycemia correlated with
decreased DTSQ scores (Table S3). In the obese
group, increasing adherence to diet therapy or
motivation for treatment correlated with
increasing DTSQ score; in the nonobese group,
an increase in cost burden and the use of sul-
fonylurea (SU) correlated with a decrease in
DTSQ score (Table S3). In the poor glycemic
control group, increased motivation for treat-
ment correlated with increased DTSQ scores,
and increased HbA1c, number of OGLAs, and
hypoglycemia correlated with decreased DTSQ
scores. In contrast, no factors were found to be
associated with a change in DTSQ score in the
good glycemic control group (Table S3). On the
basis of the value of the standard partial
regression coefficient, increased motivation for
treatment had the strongest impact on the
increase in treatment satisfaction in the obese
and poor glycemic control groups, regardless of
age.

DISCUSSION

This study showed that a decrease in hypo-
glycemia and cost burden and an increase in
motivation for treatment correlate significantly
with a 1-year longitudinal increase in DTSQ
score. In addition, increasing motivation for
treatment had the strongest impact on
increased treatment satisfaction, especially in
the obese group and poor glycemic control
group, regardless of age. This is the first study
assessing associations between longitudinal
changes in DTSQ scores and changes in each
related factor for a large number of patients.

Motivation for treatment is associated with
self-efficacy in patients with diabetes [10]. Self-
efficacy reflects individuals’ belief in their
capability to perform specific behaviors neces-
sary to achieve their goals [11], and experience
of successful actions is believed to be the most
powerful way to increase self-efficacy [10]. Self-
efficacy-focused education in these patients
greatly improves dietary self-management
behaviors and quality of life [12]. Hence, it is
assumed that an increase in motivation for
treatment might lead to an increase in treat-
ment satisfaction, partly through an increase in

self-efficacy. In addition, low self-efficacy is
associated with poor glycemic control in
patients with diabetes [13, 14] and with high
BMI [15]. These are possible reasons why
impacts of treatment motivation on DTSQ
scores were observed, especially in those with
obesity and poor glycemic control, perhaps
through improvement in low self-efficacy. We
think that the enhanced self-management of
diabetes is associated with improved glycemic
control and that clinicians can use standardized
questionnaires to improve patients’ knowledge
and self-efficacy regarding nutrition, physical
activity, glucose self-monitoring, and the use of
healthcare technology [16].

This study showed that a decrease in hypo-
glycemia might lead to an increase in treatment
satisfaction, especially in nonelderly patients
and those with poor glycemic control. These
findings are in line with previous cross-sectional
studies showing that hypoglycemia is nega-
tively associated with treatment satisfaction
[1, 17, 18]. Indeed, it has been reported that
patients with diabetes without hypoglycemic
episodes have a lower burden for medical
treatment than patients with hypoglycemic
episodes [19]. Additionally, several studies have
shown that concern about hypoglycemia is
associated with worse quality of life (QoL) [20].
Regarding the fact that hypoglycemia unex-
pectedly correlated with a change in satisfaction
in nonelderly patients, it is possible that sub-
jective symptoms of hypoglycemia are more
likely to occur in that group than in elderly
patients [21], which might lead to a significant
effect on treatment satisfaction.

With respect to cost burden, patients with
diabetes and more healthcare-related financial
difficulties have a greater treatment burden
[22], and economic status is a significant vari-
able in predicting QoL of patients with chronic
diseases, including diabetes [23]. Another report
found that the use of a fixed combination of
vildagliptin/metformin was associated with
improved QoL, as measured by the DTSQ
questionnaire, and was accompanied by a
reduction in healthcare costs [24]. It is assumed
that medical cost burden correlates with the
QoL or treatment satisfaction of patients with
diabetes, and subgroup analyses showed that an

Diabetes Ther (2022) 13:709–721 717



increase in cost burden correlated with a
decrease in DTSQ score in nonobese patients.
The reason why this correlation was observed
only in nonobese patients is unclear. The aver-
age age of nonobese patients was 68.2, higher
than the 62.7 years of obese patients, whereas
cost burden was not a significant factor for the
change in DTSQ score both in elderly and
nonelderly patients. In addition, there were no
significant differences between nonobese
patients and obese patients in other clinical
backgrounds. Some novel antidiabetic agents
are much more expensive than many other
antidiabetic agents, which might make a
somewhat complicated association between
cost burden and treatment satisfaction. The cost
of novel antidiabetic therapies for patients with
type 2 diabetes may be still a barrier for their
wider use [25].

In this study, receiving nutrition education
exhibited no relationship with an increase in
adherence to diet therapy or in treatment sat-
isfaction. It is highly possible that some of the
patients who received nutrition education dur-
ing the longitudinal period had already received
it continuously at these urban diabetes clinics
before the first questionnaire; therefore, the
effect of nutrition education during this period
on treatment satisfaction might be obscured.
Nevertheless, in the group responding on the
first questionnaire that their adherence to diet
therapy was poor, receiving nutrition education
tended to be related to an increase in adherence
to diet therapy (the increase in adherence to
diet therapy was 1.07 or 0.69 in those with or
without nutrition education, respectively,
p = 0.088). According to this result, there is a
possibility that nutrition education focusing on
patients with poor adherence to diet therapy
might efficiently lead to an increase in adher-
ence, resulting in enhanced treatment satisfac-
tion in these patients.

It is assumed that a change in HbA1c would
be associated with a change in treatment satis-
faction [1, 4], which was not shown when
analyzing the total patient group in this study.
The reason for this might be that their glycemic
control was relatively good and that the longi-
tudinal change in HbA1c was very small,
namely 7.0% (53 mmol/mol) for the first

questionnaire and 6.9% (52 mmol/mol) for the
second questionnaire. However, subgroup
analyses showed that a decrease in HbA1c in the
elderly group and poor glycemic control group
correlated with an increase in DTSQ score.
Overall, the elderly and poor glycemic control
groups had higher complication rates than the
nonelderly and good glycemic control groups,
respectively (average rates of complications
including nephropathy, retinopathy, neuropa-
thy, cardiovascular diseases, and diabetic foot
were 7.2% in the elderly group vs 4.8% in the
nonelderly group, 6.6% in the poor glycemic
control group vs 5.8% in the good glycemic
control group). In general, patients in the
elderly or poor glycemic control group might
have anxiety about the progression of compli-
cations and be more sensitive to HbA1c levels.

Subgroup analyses revealed other interesting
results, whereby the use of SU in nonobese
patients was negatively associated with an
increase in satisfaction score. Although there
was no relationship between the use of SU and
perceived hypoglycemia in this study, it is pos-
sible that a decrease in SU dose or cessation of
the use of SU leads to reduced concerns about
hypoglycemia, resulting in an increase in
treatment satisfaction.

The decrease in the number of OGLA tablets
was significantly associated with increased
DTSQ scores in the elderly group. It has been
reported that elderly people with diabetes take
more drugs than elderly people without dia-
betes [26], and elderly patients took more drugs
than nonelderly patients also in this study (7.6
vs 6.4). If the total number of oral medications
is large, elderly people are likely to feel a bur-
den, such as taking time to take the medication;
therefore, it is important to reduce the number
of medications when treating elderly patients
with diabetes [27].

We think that the findings from this study
may have a greater importance during the cur-
rent COVID-19 pandemic since proper man-
agement of diabetes must be a priority to reduce
the burden of cardiometabolic complications
and related mortality [28]. The experience we
are collectively having during the pandemic
should guide our future management of
patients with diabetes in clinical practice.
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This study has some limitations. We cannot
discuss causal relationships, because this study
is an observational study just examining the
associations of the changes in each factor. We
think that prospective interventional studies,
which investigate whether increasing treatment
motivation leads to an increase in treatment
satisfaction, are needed in the future. It cannot
be ruled out that the increase in treatment sat-
isfaction resulted in the change in significant
factors in an opposite manner. The patients
enrolled in this study visited urban diabetes
clinics, and glycemic control was relatively
good. These patients might be expected to be
well educated about diabetes. Therefore, the
results of this study might not be applicable to
patients with less education and poorer gly-
cemic control. Though the average duration of
diabetes was about 12 years, the glycemic con-
trol was relatively well maintained, and com-
plication rates were relatively low. In addition,
the enrolled patients used mainly OGLAs, so a
significant change in treatment satisfaction
could not be expected within 1 year. Finally,
many factors evaluated by questionnaires are
subjective, and there are missing data, so not all
might be accurate. Nevertheless, we believe that
it is important to improve not only clinical
outcomes but also patient-reported outcomes,
which may result in an improvement of the
quality of life.

CONCLUSIONS

We found that a decrease in hypoglycemia and
cost burden and an increase in motivation for
treatment were significantly associated with an
increase in satisfaction scores in this longitudi-
nal study. Increased motivation for treatment
had the strongest impact on increased treat-
ment satisfaction, especially in the obese group
and poor glycemic control group, regardless of
age. This study also showed that factors associ-
ated with increased treatment satisfaction differ
according to clinical background.
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