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ABSTRACT
Aims: For long-term management of diabetes, patients with type 2 diabetes mellitus
require a high level of treatment adherence, which is associated with treatment
satisfaction and their quality of life (QOL). To achieve it, patient education about diabetes
self-management is essential. We routinely conduct a 7 day inpatient diabetes education
program and administer the diabetes treatment-related (DTR)-QOL questionnaire to all
participants, both before admission and at discharge. Here, we investigated whether our
program improves QOL and post-discharge glycemic control.
Materials and Methods: This retrospective study utilized data from patients with type
2 diabetes mellitus who participated in our program between July 2017 and March 2020
and who had been treated in our outpatient department for more than 1 year. We
evaluated the relationship between at admission and at discharge diabetes treatment-
related quality of life scores and glycemic control after discharge.
Results: Data from 140 patients were analyzed in this study, which showed a significant
improvement in the total, ‘Anxiety and dissatisfaction with treatment’, and ‘Satisfaction-
with-treatment’ scores. A significant improvement was evident in HbA1c at 12 months
after discharge. Multiple regression analysis showed that HbA1c after 12 months was
independently associated with gender, duration of diabetes, and HbA1c at admission.
Conclusions: Our program effectively improves quality of life and post-discharge
glycemic control in patients with type 2 diabetes mellitus. It is particularly effective in
patients of the male gender, with a shorter duration of diabetes mellitus and higher
HbA1c at admission.

INTRODUCTION
The number of people with diabetes is increasing worldwide. In
Japan, the prevalence of type 2 diabetes mellitus remains high
at about 10 million, even though the incidence of type 2 diabe-
tes mellitus has not significantly increased in the past decade1–3.
Diabetes treatment strategies aim to prevent characteristic
sequelae and to ensure a quality of life (QOL) and life expec-
tancy equivalent to what is seen in people without diabetes4.
Achieving this requires adequate long-term glycemic control

through a combination of diet and exercise therapy and, if nec-
essary, drug therapy. Nonetheless, self-care is essential for suc-
cessful management, and it is important to consider the
patient’s QOL while recommending long-term lifestyle modifi-
cations because it has been reported that the patient’s QOL is
related to glycemic control during treatment5. The diabetes
therapy related QOL (DTR-QOL) questionnaire is a psycho-
metrically validated tool that assesses the QOL of people with
diabetes6. It has been proven to be sufficiently reliable and can
assess patient QOL and treatment satisfaction with a range of
therapies for diabetes.
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Inpatient diabetes education, which is part of diabetes care
guidance, is one of the approaches used to improve self-care
behavior. The purpose of inpatient diabetes education is to not
only to strengthen treatment regimens but also to provide
knowledge to patients on various aspects of the disease, includ-
ing its treatment and behavior, self-management of blood glu-
cose, and preventing the onset and progression of associated
complications. Although inpatient diabetes education is effective
to a certain extent3,7–9, the target patients for whom it is most
useful is unclear; hence, there are no uniform education pro-
grams. Further, as adequate treatment satisfaction and QOL of
patients appear to be essential for sustainable diabetes self-
management, it is possible that changes in the QOL after par-
ticipation in such programs significantly improve subsequent
glycemic control; however, the effect of inpatient diabetes edu-
cation on QOL and long-term glycemic control has not been
fully elucidated.
Thus, the purpose of this study was to investigate the efficacy

of our inpatient diabetes education and to examine the relation-
ship between glycemic control 1 year after the program,
responses to the DTR-QOL questionnaire, and patient data
acquired before and after participation in the program.

MATERIALS AND METHODS
Subjects
The program admitted 350 patients to the Department of
Metabolism and Endocrinology, Juntendo University Hospital,
between 1 July 2017 and 31 March 2020 for diabetes education.
Participation in the inpatient diabetes education program was
recommended to the patient when the outpatient physician
deemed it necessary and was performed with informed consent.
Exclusion criteria were type 1 diabetes, steroid-induced diabetes,
severe liver cirrhosis, severe renal failure, and patients with can-
cer, dementia, or concomitant psychiatric disorders. Data from
the first admission alone were included for patients hospitalized
more than once during the study period. This study was
granted ethical approval by the Juntendo University School of
Medicine Clinical Research Review Committee (Approval No.
19-187) and was conducted in accordance with the principles
outlined in the Declaration of Helsinki.

Inpatient education program
Our program at the Department of Metabolism and Endocri-
nology, Juntendo University Hospital, is depicted in Figure 1. It
is a 7 day program during which pancreatic b-cell function and
complications are assessed, treatment is accordingly adjusted,
and diet and exercise therapy are provided. We performed die-
tary therapy based on age, target weight, usual physical activity,
and food intake and also considered the feasibility of continu-
ing the diet after discharge from the hospital. Nutritional guid-
ance is given twice, i.e., group nutritional guidance and
individual nutritional guidance. An exercise therapist provided
exercise therapy three times, and physicians gave two group
lectures on the prevalence, pathology, examination,

complications, and treatment methods for diabetes to improve
patient knowledge. Treatment methods included not only diet
and exercise therapy, but also drug therapy. Furthermore, the
general action and purpose of each oral or injectable drug were
explained because such knowledge can help to instill a positive
approach toward treatment and to promote adherence to the
drug regimen. Additionally, the Conversation Maps during dis-
cussions among patients and the nurse helped to reinforce
knowledge gained during the lecture10. The nurses also used
this opportunity to check injection techniques and to teach
self-care methods at home, such as foot checks. Before dis-
charge, the pharmacists instructed patients on the precautions
and treatment for hypoglycemia with the prescribed medicines.
During hospitalization, patients measured their own blood glu-
cose and were made aware of trends such as postprandial
hyperglycemia.

DTR-QOL questionnaire
The DTR-QOL questionnaire is a validated diabetes-specific
questionnaire developed to assess the impact of treatment on
QoL6. The DTR-QOL questionnaire uses a 7 point Likert scale
(1: strongly agree to 7: strongly disagree) and consists of 29
items divided into four domains, namely: Burden on social and
daily activities; Anxiety and dissatisfaction with treatment;
Hypoglycemia; and Satisfaction with treatment. The domain
about ‘Burden on social activities and daily activities’ gleans
information on the effects of diabetes on work and socializing,
diet and appetite, time and effort, and pain and side effects.
The ‘Anxiety and dissatisfaction with treatment’ domain covers
the effects of treatment on weight, hyperglycemia, anxiety about
complications, and psychological anxiety. The domain on
‘Hypoglycemia’ includes difficulties with hypoglycemia and
associated psychological anxiety with it, and the ‘Satisfaction
with treatment’ domain includes questions on satisfaction with
glycemic control, confidence, and hope for the future. Scores
for each of the four domains are converted to a 0–100 point
scale. Here, the effects of the inpatient diabetes education pro-
gram on quality of life and treatment satisfaction were assessed
by comparing DTR-QOL scores obtained at admission (pre-
intervention) and discharge (post-intervention).

Laboratory data
Information on laboratory investigations, the presence or absence
of complications, and treatment before and after admission and
at 12 months after discharge were retrieved. Laboratory tests ana-
lyzed include HbA1c on admission, fasting blood glucose, serum
C-peptide, glucagon tolerance test, insulin resistance11–13, and
beta-cell function14,15, as well as liver function, renal function,
and serum lipid profile. HOMA2-IR and HOMA2-%b were cal-
culated using fasting blood glucose and serum C-peptide data at
admission by the HOMA2 Calculator (Available at: https://www.
dtu.ox.ac.uk/homacalculator/download.php). The C-peptide
Index (CPI) was calculated using the following formula:
CPI = (fasting C-peptide/fasting plasma glucose) 9 10016.
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The HbA1c levels were estimated every 3 months for 1 year
after discharge from the hospital. An ophthalmologist diag-
nosed diabetic retinopathy. Diabetic nephropathy was defined
as albuminuria of >30 mg/day or eGFR less than 30 mL/min/
1.73 m2. Diabetic neuropathy was determined based on the
‘Simplified Diagnostic Criteria for Diabetic Polyneuropathy’,
provided by the Association for Diabetic Neuropathy17.

Statistical analyses
All data are presented as mean – SD or number (%). Pre-
and post-intervention changes in each parameter were tested
using the paired t-test or the Wilcoxon’s signed rank test, as
appropriate. The correlation between HbA1c at 12 months
after discharge and each parameter was tested using Pearson
or Spearman’s correlation coefficient, as appropriate. Multiple
regression analyses were performed to identify factors inde-
pendently associated with HbA1c at 12 months after dis-
charge. All statistical tests were two-sided with a significance
level of 5%. IBM SPSS Statistics for Windows version 25.0

(IBM Corp., Armonk, NY, USA) was used for all data
analyses.

RESULTS
Among the 350 patients admitted to the inpatient diabetes edu-
cation program between 1 July 2017 and 31 March 2020, we
excluded 50 patients who met the exclusion criteria, 12 patients
who were admitted for multiple educational courses, and 17
patients with missing data in the DTR-QOL questionnaire. Of
the remaining 271 patients, 111 were treated outside our hospi-
tal, 5 were transferred to other hospitals or clinics within
12 months after discharge, and 15 dropped out within
12 months after discharge. Finally, the data from 140 patients
followed up as outpatients for more than 1 year after discharge
were included for analysis (Figure 2).
The demographic characteristics of the 140 patients are

shown in Tables 1 and 2. The cohort comprised 93 males and
47 females with a mean age of 61.8 – 13.1 years. Mean values
for important variables are as follows: duration of diabetes,

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Friday Saturday Sunday Monday Tuesday Wednesday Thursday

DTR-QOLDTR-QOL

Medical 
examination

Evaluation of 
retinopathy

Evaluation of 
neuropathy

Evaluation of 
atherosclerosis

Evaluation of 
body 
composition

Evaluation of 
nephropathy

Evaluation of 
insulin
secretion 
capacity

Evaluation of 
nephropathy

Hospitalization
summary

Group lecture 
by medical 
doctors

Group lecture 
by videos

Group
nutritional
guidance by 
nutritional
instructions

Group lecture 
by doctors

Individual
nutritional
instructions

Group lecture 
by nurses

Exercise 
therapy

Diabetes 
conversation
map program

Exercise 
therapy

Exercise 
therapy

Self-monitoring of blood glucose

Figure 1 | The diabetes education hospitalization program at the Department of Diabetes and Endocrinology, Juntendo University Hospital.
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12.7 – 9.6 years; HbA1c, 8.49 – 1.53%; and body mass index
(BMI) 26.4 – 4.4 kg/m2. The prevalence of diabetic complica-
tions was retinopathy in 25.7% (n = 36), nephropathy in 28.6%
(n = 40), and neuropathy in 35.7% (n = 50) of the patients.
Biochemical data at admission and discharge are detailed in

Table 2. The one-week inpatient diabetes education program
significantly reduced body weight, BMI, fasting blood glucose,
glycated albumin, c-GTP, triglycerides, and HDL cholesterol.
Overall the DTR-QOL scores and those for each domain,

both at admission and discharge, are shown in Table 3. The
total score improved significantly from 67.42 – 12.9 at admis-
sion to 70.39 – 12.3 at discharge. Among the domain scores,
those for ‘Anxiety and dissatisfaction with treatment’ and ‘Satis-
faction with treatment’ were significantly higher at discharge
than those at admission.
Table S1A,B shows the relationship between medications and

the total score of DTR-QOL at admission and discharge. At
admission, the total scores of DTR-QOL were significantly
lower in patients with insulin or SGLT2 inhibitors than the
patients without each medication, respectively. At discharge, the
patients with insulin or GLP-1 receptor agonists showed lower
scores than those without each medication, respectively.

The changes in HbA1c after the inpatient program are
shown in Figure 3. While the mean HbA1c was 8.49 – 1.53%
at admission, it reduced to 7.14 – 1.02% (P < 0.001) at
3 months after discharge and remained at this level at
6 months (7.26 – 1.07%; P < 0.001), 9 months (7.31 – 1.09%;
P < 0.001), and 12 months (7.31 – 1.04%; P < 0.001) after dis-
charge. These trends indicate that diabetes education resulted in
patients maintaining good glycemic control. Accordingly, the
percentage of patients with HbA1c <7.0% increased significantly
from 14.3% at admission to 50.7% at 3 months, 46.4% at
6 months, 43.6% at 9 months, and 40.0% at 12 months. The
relationship between medications at discharge and HbA1c at
12 months after discharge is shown in Table S2. Patients with
insulin, SGLT2 inhibitors, or GLP-1 receptor agonists at dis-
charge had significantly higher HbA1c 12 months after dis-
charge than those without each medication, respectively.
The correlation between HbA1c at 12 months after discharge

and DTR-QOL scores at admission, discharge, and the degree
of improvement in DTR-QOL scores (before vs after admis-
sion) are shown in Table 4. HbA1c at 12 months after dis-
charge showed a significant negative correlation with scores of
the domain ‘Satisfaction with treatment’ before admission

The subjects who admitted to our hospital for diabetes 
education from 1 July 2017 to 31 March 2020 (N = 350)

Excluded due to above diseases (N = 50)
Type1diabetes (N = 19) Mental illness (N = 15)

Dementia (N = 5) Malignant disease (N = 5)
Discharge on the way (N = 4) Cirrhosis (N = 2)

<There are duplicates.>

Excluded due to missing data in DTR-QOL (N = 17 )
Twice hospitalization in the period (N = 12)

Participants meeting applicable criteria (N = 300)

Patients outside of our clinic 
(N = 111)

Dropout within 12 months after discharge 
(N = 15)

Participants included in the analysis at baseline (N = 140)

transfer doctor within 12 months after discharge 
(N = 5)

Figure 2 | Flowchart for selection of study subjects.
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(P = 0.007), indicating that the higher the pre-admission satis-
faction with treatment, the better are HbA1c values at
12 months after discharge. There was no significant correlation
with HbA1c at 12 months and the other variables evaluated.
The correlation between HbA1c at 12 months after discharge

and biochemical data at admission is shown in Table 5. Specifi-
cally, a significant correlation was found between HbA1c
12 months after discharge and the duration of diabetes, HbA1c
at admission, CPI (an indicator of pancreatic beta-cell func-
tion), delta C-peptide of the glucagon stress test, urinary C-
peptide, and HOMA2-%b.
Furthermore, multiple regression analysis to determine the

association between the domain ‘Satisfaction with treatment’ on
admission and HbA1c 12 months after discharge (Table 6)
showed no independent association. In the final model, gender,
duration of diabetes, and HbA1c on admission were indepen-
dently associated with HbA1c at 12 months after discharge.

DISCUSSION
In Japan, inpatient diabetes education is sometimes provided to
people as the initial treatment for type 2 diabetes mellitus.
Although there have been many reports of improvement in
blood glucose soon after inpatient diabetes education18,19, few
studies have evaluated the changes in quality of life and post-
discharge blood glucose management after the education pro-
gram. In this study, we investigated the relationship between
changes in quality of life and post-discharge glycemic control,
i.e., after the education program, and showed that DTR-QOL
improved significantly after the program and that higher scores

for the domain ‘Satisfaction with treatment’ at admission were
associated with better HbA1c 12 months after discharge. How-
ever, we did not find an independent association between the
quality of life and HbA1c 12 months after discharge.
Our results show a significant improvement in the total

DTR-QOL scores between at admission and discharge. Specifi-
cally, an improvement in scores of the domain ‘Anxiety and
dissatisfaction with treatment’ indicate that the patients cor-
rectly understood the meaning and purpose of their treatment
and that they acquired a positive attitude toward treatment
strategies. Additionally, improvement in blood glucose during
hospitalization and simplification of regimens such as insulin
withdrawal may have eliminated dissatisfaction with their man-
agement strategies. Scores for the domain ‘Satisfaction with
treatment’ was also improved significantly, suggesting that the
reduction in blood glucose during hospitalization and the ability
to assess their own condition by examining and evaluating
complications contributed to their improvement. The absence
of improvement in scores for the ‘Hypoglycemia’ domain may
be because patients who were previously unaware of hypoglyce-
mia developed a fear of it based on information provided in
the lecture about hypoglycemia. In terms of medication and

Table 1 | Characteristics of the study cohort at admission

Characteristic Value

Number 140
Age, years 61.8 – 13.1
Men 93 (66.4%)
Duration of diabetes, years 12.7 – 9.6
Macrovascular complications of diabetes 29 (20.7%)
Diabetic microangiopathy
Diabetic retinopathy 36 (25.7%)
Diabetic neuropathy 40 (28.6%)
Diabetic nephropathy 50 (35.7%)

Drug At admission (%) At discharge (%)

Sulfonylurea 27 (19.3) 11 (7.86)
Glinide 5 (3.6) 15 (10.7)
a-Glucosidase inhibitor 19 (13.6) 25 (17.9)
Biguanide 63 (45.0) 100 (71.4)
DPP-4 inhibitor 66 (47.1) 72 (51.4)
GLP-1 receptor agonist 22 (15.7) 33 (23.6)
Thiazolidinedione 12 (8.6) 14 (10.0)
SGLT-2 inhibitor 44 (31.4) 82 (58.6)
Insulin treatment 53 (37.9) 59 (42.1)

Data are shown as the mean – SD or the number of patients (%).

Table 2 | Comparison of clinical and biochemical parameters at
admission and at discharge

Item At admission At discharge P value

Weight (kg) 70.6 – 14.9 69.4 – 14.6 <0.001
BMI (kg/m2) 26.4 – 4.4 25.9 – 4.3 <0.001
FPG (mg/dL) 136.2 – 35.8 113.3 – 21.3 <0.001
HbA1c (%) 8.49 – 1.53
GA (%) 20.4 – 5.3 19.5 – 4.8 <0.001
Insulin (lU/mL) 8.43 – 6.00 7.85 – 5.84 0.146
C-Peptide (ng/mL) 1.81 – 0.97 1.79 – 1.04 0.692
CPI 1.38 – 0.77 1.61 – 0.92 <0.001
HOMA2-IR 1.69 – 0.74 1.59 – 0.78 0.037
HOMA2-%b 63.4 – 29.6 83.5 – 36.7 <0.001
AST (IU/L) 29.4 – 17.6 27.7 – 12.6 0.115
ALT (IU/L) 31.1 – 19.9 31.8 – 20.9 0.317
cGT (IU/L) 42.8 – 36.8 38.7 – 31.7 <0.001
Serum creatinine (mg/dL) 0.81 – 0.35 0.90 – 0.42 <0.001
eGFR (mL/min/1.73 m2) 77.4 – 26.3 70.4 – 25.2 <0.001
Uric acid (mg/dL) 5.51 – 1.51 5.76 – 1.55 0.002
Total cholesterol (mg/dL) 184.9 – 37.7 173.5 – 36.7 <0.001
High-density lipoprotein
cholesterol (mg/dL)

49.5 – 11.6 45.4 – 11.0 <0.001

Low-density lipoprotein
cholesterol (mg/dL)

107.2 – 30.1 104.1 – 32.3 0.083

Triglyceride (mg/dL) 141.4 – 128.9 118.8 – 55.9 0.006
Urine albumin (mg/day) 225.8 – 863.3

The bold values represent statistically significant. Data are shown as
mean – SD. P values for paired t test or Wilcoxon’s signed rank test.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI,
body mass index; CPI, C-peptide index; eGFR, estimated glomerular fil-
tration rate; FPG, fasting plasma glucose; GA, glycated albumin; cGT,
c-glutamyl transpeptidase.
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total DTR-QOL scores, patients with insulin, SGLT2 inhibitor,
or GLP-1 receptor agonist scored lower than those without
them, which we suppose is due to side effects such as hypogly-
cemia and frequent urination, as well as the inconvenience of

injection. Physicians should take into consideration the results
and be careful in prescribing those medicines.
In general, psychological interventions in type 2 diabetes

have been shown to improve glycemic control20. For example,
the DAWN study has shown the positive impact of well-being
on factors determining the degree of self-management, and psy-
chological treatment has been shown to have clinical benefits in
improving HbA1c in adults with type 2 diabetes mellitus21. A
good QOL has also been reported to be an independent predic-
tor of lower mortality in people with type 2 diabetes mellitus22,
implying that interventions to improve QOL may not only
directly benefit QOL but may also have other favorable effects,
such as improving blood glucose, and reducing complications
and mortality. Additionally, the results of DAWN2TM in Japan
show that while objective indicators such as blood glucose,
HbA1c, blood pressure, and weight are thoroughly tested, the
psychosocial status of people with diabetes, is frequently over-
looked23. Similarly, another study has revealed that patients and
their families are indeed aware of the burden on their daily
lives and that their anxiety about hypoglycemia is a major con-
cern24. Therefore, support to improve QOL is considered neces-
sary for adequate diabetes management, and we show that a 1-
week inpatient diabetes education program resulted in a signifi-
cant improvement in quality of life, indicating that such pro-
grams are quite useful.
We hypothesized that hospitalization would improve both

quality of life and HbA1c at 12 months after discharge; how-
ever, these two variables were not independently associated,
probably because DTR-QOL was not administered at
12 months after discharge. Thus, it is not known whether the
improvement in quality of life persisted until 12 months after
discharge, i.e., it is possible that this improvement gradually
reversed after discharge.
A previous report has revealed that patients with low well-

being and quality of life before an inpatient diabetes educa-
tion program had poor glycemic improvement after dis-
charge25. This is similar to the results described here, i.e.,
patients with high scores for ‘Satisfaction with treatment’ on
admission had favorable glycemic control after discharge.
Therefore, in the future, it is necessary to consider new
approaches in patients with low QOL. In this study, there
were 15 dropout cases within 12 months after discharge. A
comparison between the DTR-QOL scores of the 15 dropout
cases and those of the 140 patients adherent to our research
for 1 year showed no significant differences in total score
and individual area score (data not shown). However, drop-
out cases tended to have lower scores for ‘Anxiety and dissat-
isfaction with treatment’ both at admission and discharge. It
is imperative to continue diabetes treatment even after hyper-
glycemia is well controlled, and it would be beneficial to fig-
ure out the characteristics of the patients who discontinue
treatment for diabetes.
Additionally, a significant correlation was found between

HbA1c 12 months after discharge and sex, duration of diabetes,

Table 3 | Total and individual domain scores of the diabetes
treatment-related quality of life questionnaire

Domain Admission Discharge P value

D1: Burden on social activities
and daily activities

67.0 – 20.1 66.7 – 17.7 0.816

D2: Anxiety and dissatisfaction
with treatment

55.8 – 19.1 61.7 – 19.6 <0.001

D3: Hypoglycemia 75.4 – 24.7 75.4 – 25.7 0.989
D4: Satisfaction with treatment 44.6 – 18.0 58.9 – 17.8 <0.001
Total score (/100 points) 67.4 – 12.9 70.4 – 12.3 0.002

The bold values represent statistically significant. Scores are shown as
mean – SD. P values for paired t test or Wilcoxon’s signed rank test.
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Figure 3 | (a) Trends in HbA1c after diabetes educational
hospitalization and (b) achievement rate of HbA1c <7.0% during
12 months after discharge. (a) Values are presented as mean – SD.
*P < 0.05 for significant difference between with HbA1c at admission
and the mean HbA1c from 3 to 12 months after discharge. (b)
*P < 0.05 for significant differences between the achievement rate of
HbA1c at admission with those from 3 to 12 months after discharge.
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and beta-cell function. Nagata et al.19 reported that the effects
of inpatient education were more significant in patients with a
shorter duration of diabetes, probably because such patients

have preserved beta-cell function, which may allow early with-
drawal of insulin due to recovery of glucose toxicity even if
insulin therapy was initially introduced due to severe hypergly-
cemia. However, in our multiple regression analysis, HOMA2-
%b was not independently associated with HbA1c at
12 months after discharge. The results were similar by analysis
using insulin secretion indices such as CPI, delta C-peptide of
the glucagon stress test, and urinary C-peptide other than
HOMA2-%b (data not shown). In addition, a marked improve-
ment in blood glucose levels may motivate patients to achieve
the goals of their treatment strategy. It is also expected that
patients who have recently developed the disease may be unfa-
miliar with the disease, which will help them understand it
without false knowledge and encourage them to adhere to the
recommended treatment. The DESMOND trial, a diabetes edu-
cation program in drug na€ıve patients, demonstrated that glyce-
mic control was improved in the educational intervention
group, suggesting that drug na€ıve patients are sensitive not only
to drugs but also to education3. Thus, the favorable results
obtained in patients with a shorter duration of disease in this
study are noteworthy.
The results of this study also reveal that there are gender dif-

ferences in the effects of the inpatient education program on
improving blood glucose, which agrees with previous reports26.
One study examined the burden of diabetes care before and
after an inpatient education program and reported a reduction
in burden in both sexes after the program; however, the effect
was more significant in women than in men27. Another study
reported that, while knowledge of diabetes was similar among
men and women, glycemic improvement after inpatient educa-
tion was less in women, probably due to the absence of behav-
ioral changes28. Another possible factor is the influence of food
choices in diabetes care between the genders. A multinational
study in 23 countries found that women place more impor-
tance on healthy eating than men and that health beliefs can
explain a large proportion of dietary behavior29. Gender differ-
ences in behavior based on health information have also been
reported in Sweden30. Generally, Japanese women are more

Table 4 | Correlation between HbA1c at 12 months after discharge and diabetes treatment-related quality of life total/domain scores (at admission,
at discharge, and change from admission to discharge)

Domain At admission At discharge Improvement

r P-value r P-value r P-value

D1: Burden on social activities
and daily activities

0.038 0.653 -0.015 0.856 -0.052 0.539

D2: Anxiety and dissatisfaction
with treatment

-0.154 0.069 -0.149 0.078 0.000 0.996

D3: Hypoglycemia -0.056 0.511 -0.113 0.185 -0.110 0.197
D4: Satisfaction with treatment -0.228 0.007 -0.115 0.175 0.096 0.258
Total score -0.068 0.427 -0.101 0.235 -0.033 0.700

The bold values represent statistically significant. Correlation coefficients and P-values are based on single-correlation analysis.

Table 5 | Correlation between HbA1c at 12 months after discharge
and clinical and biochemical parameters at admission

Parameter r P

Age 0.015 0.858
Sex -0.242 0.004
Duration of diabetes (year) 0.369 <0.001
HbA1c (at admission) (%) 0.289 0.001
Body weight -0.159 0.061
BMI -0.063 0.461
AST 0.110 0.194
ALT 0.024 0.780
c-GT -0.044 0.605
Serum albumin -0.093 0.277
Blood urea nitrogen 0.100 0.241
Serum creatinine -0.139 0.102
eGFR 0.012 0.884
Uric acid 0.011 0.900
Total cholesterol 0.071 0.402
High-density lipoprotein cholesterol 0.119 0.160
Low-density lipoprotein cholesterol -0.040 0.638
Triglyceride -0.039 0.646
CPI -0.313 <0.001
MCPR -0.353 <0.001
U-CPR -0.323 <0.001
HOMA2-%b -0.268 0.002
HOMA2-IR -0.144 0.109

The bold values represent statistically significant. Sex; men: 1, women: 0.
MCPR, difference between C-peptide at fasting and 6 min after gluca-
gon injection (glucagon test); ALT, alanine aminotransferase; AST, aspar-
tate aminotransferase; BMI, body mass index; CPI, C-peptide index;
eGFR, estimated glomerular filtration rate; HOMA2-%b, homeostasis
model assessment – b-cell function; HOMA2-IR, homeostasis model
assessment of insulin resistance; U-CPR, urine C-peptide in 24 h; cGT,
c-glutamyl transpeptidase.
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involved in cooking than men, and the women in our study
might have already followed diet therapy before admission or
even got tired of it. In contrast, men may be able to engage in
the therapy without much burden because they are not in
charge of cooking or because they are naive to the therapy;
either or both of these would have led to a significant improve-
ment in HbA1c in our study.
There are several limitations to this study. First, there was no

comparison with a population that did not undergo an inpa-
tient diabetes education program, such as outpatients matched
for age, gender, etc.; thus, it is unclear whether the results of
the present study are indeed an effect of the program. Next,
such programs vary considerably between hospitals, and it
might not be appropriate to apply these observations to educa-
tional programs at other institutions. We started a 7 day inpa-
tient diabetes education program more than 15 years ago and
this time, we evaluated the effect of this program in this manu-
script. Here, we showed the benefit of this program, however,
as we have not shown the rationale of the 7 day program, we
should improve this program and we believe that this is the
next challenge. Finally, as diabetes is a chronic disease and our
study followed up patients for only 1 year after admission, it
would be desirable to observe the clinical course of these
patients thereafter.
In conclusion, even though the inpatient diabetes education

program improved quality of life, it was not independently

associated with HbA1c at 12 months after discharge. As such
programs are costly and time-consuming, it may be necessary
to recommend them only to patients who are most likely to
benefit from them, e.g., men with a shorter duration of diabe-
tes. Active intervention early in the course of the disease may
also be essential. Furthermore, as the goal of diabetes treatment
is to maintain the same healthy life expectancy and quality of
life as those without diabetes, the DTR-QOL evaluation of dia-
betes patients is useful. There are few studies using question-
naires specialized for quality of life of diabetes treatment, and
we hope that more investigations to clarify the relationship
between quality of life and glycemic control will be performed
in the future.
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Table 6 | Effects of diabetes treatment-related quality of life (satisfaction) on HbA1c (12 months)

Dependent variable Independent variable B Std. error b P

HbA1c (12 months) Intercept 7.84 0.232 <0.001
Model 1 DTR-QOL questions (satisfaction) -0.012 0.005 -0.205 0.015
HbA1c (12 months) Intercept 8.143 0.408 <0.001
Model 2 DTR-QOL questions (satisfaction) -0.004 0.005 -0.062 0.459

Sex -0.518 0.174 -0.236 0.003
Age -0.015 0.007 -0.192 0.033
Duration of diabetes (year) 0.048 0.009 0.444 <0.001

HbA1c (12 months) Intercept 6.19 0.623 <0.001
Model 3 DTR-QOL questions (satisfaction) 0.000 0.005 -0.008 0.925

Sex -0.621 0.167 -0.283 <0.001
Age -0.013 0.007 -0.161 0.060
Duration of diabetes (year) 0.049 0.009 0.451 <0.001
HbA1c (at admission) (%) 0.202 0.051 0.298 <0.001

HbA1c (12 months) Intercept 5.808 0.796 <0.001
Model 4 DTR-QOL questions (satisfaction) -0.001 0.004 -0.028 0.750

Sex -0.517 0.166 -0.262 0.002
Age -0.009 0.007 -0.124 0.190
Duration of diabetes (year) 0.039 0.009 0.373 <0.001
HbA1c (at admission) (%) 0.236 0.061 0.384 <0.001
HOMA2-%b -0.001 0.003 -0.032 0.765
HOMA2-IR -0.038 0.112 -0.031 0.733

B, unstandardized coefficients B; DTR-QOL questions (satisfaction), DTR-QOL questions scores of ‘Satisfaction with treatment’ domain at admission;
HbA1c (12 M), HbA1c at 12 months after discharge; HOMA2-%b, homeostasis model assessment – b-cell function; HOMA2-IR, homeostasis model
assessment of insulin resistance; Std. error, standard error of unstandardized coefficients B; b, standardized coefficients b.
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Informed consent: The need for informed consent was waived
owing to the retrospective nature of the investigation and the
opt-out method of inclusion.
Registry and the registration no. of the study/trial: N/A.
Animal studies: N/A.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Table S1 | Total score of the DTR-QOL questionnaire at (A) admission and use of each medication at admission and (B) dis-
charge and use of each medication at discharge

Table S2 | HbA1c at 12 months after discharge and use of each medication at discharge
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