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Abstract
Recently, self-care in children and adolescents with type 1 diabetes has changed with regard to both adherence to treatment 
and self-management. Only one diabetes self-care scale for children and adolescents is used in Japan which lacks reflec-
tion on flexible regimens. The aims of this study were to modify and subsequently test the validity of the revised diabetes 
self-care inventory (R-DSCI) for children and adolescents, and to construct the diabetes self-care model on the R-DSCI, 
HbA1c, duration of diabetes and age. Based on qualitative secondary analysis of the self-care framework for teenagers and 
a literature review of diabetes self-care instruments, the items concerning insulin injection and meal planning were modified 
from the original DSCI and new items concerning negotiation with parents and others were added. The participants in the 
validity testing were 122 children and adolescents with type 1 diabetes, 50.8% were girls, aged 9–18 years, mean HbA1c 
of 7.9%. The final version of the R-DSCI was composed of 41 items. Eight factors, which explained 40.9% of the variance, 
were identified using the varimax method; Cronbach’s alpha for the 41 items was 0.79. The diabetes self-care model showed 
a negative direct effect of “diabetes self-care practice” on HbA1c (P = 0.004), and the negative indirect effect of “support 
and perception of life with diabetes” on HbA1c through “diabetes self-care practice” (P = 0.002; estimated effect − 0.21). 
In addition, “independent self-care behavior” was directly affected by age (P < 0.001). The R-DSCI should be useful for 
clinicians and researchers to assess the self-management in children and adolescents.
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Introduction

Children and adolescents with type 1 diabetes have to man-
age their own diabetes in daily life, and the demands of this 
change as they grow and develop. They must self-manage 
multiple routines at home, at school, and in the commu-
nity, and need to become experts with regard to their own 

diabetes. Recently, self-care in children with type 1 diabetes 
has changed in terms not only of their adherence to ideal 
regimens, but also the self-management that flexible regi-
mens demand [1].

In Japan, the annual incidence of type 1 diabetes for 
2005–2010 in children younger than age 15 was reported to 
be 2.25/100,000/year [2]; this is more than one tenth lower 
than in Europe or North America. Japanese children and 
adolescents with type 1 diabetes experience various diffi-
culties resulting from the low incidence of type 1 diabetes, 
for example lack of understanding from others; the insulin 
pump with Japanese display was not available until 2015. 
Nonetheless, insulin treatment has progressed significantly 
in Japan. The control of blood glucose in children and ado-
lescents improving, such that the mean HbA1c of Japanese 
children and adolescents with type 1 diabetes is now < 8.0% 
[3]. The most frequent cause of death among 53 Japanese 
diabetic patients who were < 20 years old between 2001 
and 2010 was malignancy (22; 41.5%); diabetic coma with 
hyperglycemia accounted for 6 (11.3%), and no deaths were 
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caused by hypoglycemic coma [4]. However, the ‘diabetes 
camp’ for children with type 1 diabetes has 50 places per 
year, and although the training of diabetes educators has 
been improving, many are still not well prepared to care 
for children and adolescents with type 1 diabetes and their 
parents, especially during transition periods. Disparities in 
diabetes education occur alongside differences in the number 
of pediatric patients with type 1 diabetes and in the insulin 
treatment regimens used, among the hospitals and regions 
in Japan.

Children and adolescents with type 1 diabetes require 
continuous diabetes education, based on evaluation of their 
competence in self-care. During the past two decades, the 
focus of research in children and adolescents with type 1 
diabetes has been shifting to the development of effective 
education programs for the promotion of self-management 
[5, 6]. Self-care scales require assessment not only of the 
frequency with which elements of an ideal diabetes regi-
men are performed, but also of the problem-solving and col-
laboration with parents or between health care profession-
als participating in flexible regimens. However, while many 
diabetes self-care scales for children and adolescents have 
been developed in other countries, only the diabetes self-care 
inventory (DSCI) for children and adolescents has been used 
in Japan [7]. The DSCI for children and adolescents was 
used to explore self-care behavior in relation to health hab-
its [8], lifestyle [9], school life [10], stress coping [11], and 
body fatness [12]. Although the DSCI was used in nursing 
intervention in diabetes clinics, this scale had limited flex-
ibility in response to changes in insulin regimens or lifestyle.

The aims of this study were to modify the existing scale 
and test the validity of the revised diabetes self-care inven-
tory (R-DSCI) for children and adolescents and to construct 
a diabetes self-care model using subscales from the R-DSCI, 
HbA1c and duration of diabetes as clinical indicators, and 
age as a growth indicator.

Methodology

Development of the R‑DSCI for children 
and adolescents

The original DSCI for children and adolescents was devel-
oped by Kanematsu in 1997 and contained 30 items to 
be self-reported, on a three-point Likert scale. The DSCI 
assesses multidimensional self-care behaviors: nutrition, 
insulin injection, self-monitoring of blood glucose, coping 
with hypoglycemia, exercise, and daily life. Each self-care 
behavior comprises three domains: skill and knowledge, 
independence, and feelings. The DSCI is composed of five 
subscales: F1: Self-care behavior through collaboration 
with parents (6 items), F2: Self-care behavior initiated by 

the patient alone (11 items), F3: Feelings toward self-care 
behavior (5 items), F4: Independent self-care behavior 
(5 items), and F5: Evaluation of blood glucose control (3 
items). Cronbach’s alpha for the DSCI is 0.76. The limita-
tion of the original scale is a lack of flexibility with regard 
to the incorporation of new technologies in diabetes care. 
Therefore, a qualitative secondary analysis of the self-care 
framework for teenagers living with diabetes [13] and a lit-
erature review of diabetes self-care instruments [14] were 
conducted to facilitate modification of the DSCI.

Qualitative secondary analysis The framework focuses on 
the accumulated experiences of teenagers since being diag-
nosed with type 1 diabetes, to identify potential new items 
for inclusion and to modify existing items in the instrument. 
Consequently, a self-care framework was constructed con-
sisting of the following two phases: “primary diabetes self-
care behavior” and “living with diabetes”. The first phase 
“primary diabetes self-care behavior” is a learning process 
leading to the mastering of diabetes self-care behavior. The 
second phase “living with diabetes” is a learning process in 
which children acquire appropriate self-care skills in many 
situations, and learn to cope with diabetes in their daily life. 
Perceptions of life with diabetes and support from family, 
friends, and others were important components in the second 
phase. Positive perceptions, seeking support, negotiation, 
and sufficient support lead them to perform appropriate dia-
betes self-care in their daily life. The self-care framework for 
teenagers with type 1 diabetes is shown in Fig. 1.

Literature review of diabetes self-care instruments A 
search for studies of diabetes self-care instruments for chil-
dren and adolescents was conducted using CINAHL, MED-
LINE, Academic Search Premier, and PsycINFO. Eighteen 
diabetes self-care instruments were identified, some of 
which focused on assessing the frequency with which ele-
ments of an ideal diabetes regimen were performed [15–17]. 
Many of these instruments were developed before 1999, 
while other instruments focusing on the essential compo-
nents of continuous appropriate self-management [18–21] 
were developed after 2000.

Fig. 1  A self-care framework for teenagers with type 1 diabetes
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From these analyses, 17 items were identified for inclu-
sion in the Revised DSCI (R-DSCI), and eight items regard-
ing insulin pump use and flexible dietary management using 
carbohydrate counting were modified. The relevance and 
clarity of these additional and modified items were assessed 
and proofed by a panel of experts consisting of six Japanese 
pediatric diabetes researchers and one certified diabetes 
educator.

The modified items were insulin injection (five items; 
nos. 26, 27, 28, 29, 30) and meal planning (three items; nos. 
22, 23, 25). The added items were negotiation with parents, 
medical staff, and school teachers (five items; nos. 9, 13, 
14, 16, 17), support from friends (three items; nos. 10, 12, 
15), perception of diabetes and diabetic complications (four 
items; nos. 5, 7, 43, 44), daily life habits (two items; nos. 3, 
4), and three other items (nos. 6, 24, 46). The first revised 
version of the DSCI (R-DSCI) was composed of 47 items 
that could be rated on a three-point Likert scale. The score 
range is thus 47–141, with higher scores indicating better 
self-care.

Participants

Participants were recruited from diabetes outpatient clinics 
and peer support groups. The inclusion criteria were children 
in grades 3–12, aged 9–18, who had been diagnosed with 
type 1 diabetes ≥ 6 months previously. The exclusion criteria 
were having cognitive or perceptual difficulties in complet-
ing the questionnaire, or other chronic conditions that could 
impact the individual’s diabetes self-care.

Procedures

Participants were recruited from three diabetes outpatient 
clinics and five peer support groups from six prefectures 
in Japan. Measurements were made by researchers. When 
attending routine clinics or peer support group events, the 
children and adolescents who fulfilled the inclusion criteria 
were invited to participate in the study. Informed consent 
was obtained from both children or adolescents and parents. 
This study was approved by the ethics committee of Chiba 
University Graduate School of Nursing (13 Oct 2015, nos. 
27–59).

All participants completed demographic and clinical 
reports, which included their age, gender, duration of dia-
betes, insulin pump use, and HbA1c; and the R-DSCI. They 
were asked to return the reports and R-DSCI to the research-
ers using paid return envelopes. A subset of 28 participants 
was asked to complete a second R-DSCI 4 weeks later, 
to evaluate test–retest reliability, but only six participants 
(21.4%) completed this.

Statistical analysis

Analysis was conducted using the IBM Statistical Package 
for Social Science (SPSS) version 21. Missing data were 
estimated using the missing value analysis of SPSS. Item-
level missing data ranged from 0 to 5 (0.0–4.1%). Correla-
tion of items with the total R-DSCI scale, and the item mean 
and standard deviation were calculated.

Data analysis was conducted in three phases, according 
to the objective of the study. The first phase of the analysis, 
that of construct validity, was conducted by explanatory fac-
tor analysis using the varimax rotation method. An iterative 
process of repeated factor analysis was conducted to identify 
the most suitable factor structure, with factor loadings > 0.3 
given to factors with eigenvalues of > 1.0 and good alpha 
reliabilities. The reliability of the R-DSCI was determined 
using Cronbach’s alpha. Correlations of items with subscales 
were also calculated. In addition, test–retest reliability was 
evaluated using a subset of the original group. The second 
phase of the analysis sought to correlate study variables and 
compare these with insulin regimens (MDI vs. CSII) and 
genders (male vs. female). Total and subscale scores on the 
R-DSCI were correlated with metabolic control (HbA1c), 
age, and duration of diabetes, using Pearson’s method. Total 
and subscale scores on the R-DSCI were compared accord-
ing to insulin regimen and gender using unpaired two tailed t 
tests. The third phase of the analysis involved construction of 
a diabetes self-care model, using subscales of the R-DSCI, 
HbA1c, and duration of diabetes as clinical indicators, and 
age as a growth indicator, by covariance structure analysis 
using AMOS 21 software.

Results

Sample characteristics

Of the 212 potential participants who were approached, 
data were collected from 123 children and adolescents 
(response rate 58.0%). The most frequent reason for non-
participation was that potential participants did not come 
to outpatient clinics or peer support group events during 
the study. One individual was excluded because this case 
was in grade 2. All cases completed at least 43 items on the 
R-DSCI (≥ 90%); therefore, n = 122 for analysis. The demo-
graphic characteristics of the participants were: 50.8% girls, 
age 13.1 ± 2.7 years old, duration of diabetes 6.8 ± 4.2 years, 
and HbA1c 7.9 ± 0.9% (Table 1).

Validity of the R‑DSCI

Each item-to-total correlation was above 0.3 (P < 0.05). All 
47 items were included in an explanatory factor analysis. 
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Six items “Have you been admitted to hospital for hypo-
glycemia or ketosis within the past year? (no. 6)”, “Do you 
have close friends who have diabetes? (no. 12)”, “Do your 
teachers at school pay attention to you and help you? (no. 
13)”, “Do you eat too much in secret without your parents’ 
knowledge? (no. 24)”, “Do you have ways of making sure 
you don’t forget your insulin injections or bolus? (no. 30)”, 
“When you go out, do you take a snack with you to prevent 
hypoglycemia? (no. 41)” were eliminated, because each 
item’s factor loading was low. There were nine factors with 
eigenvalues of > 1.0. A scree plot display of the eigenvalues 
indicated that the data could be summarized using eight fac-
tors. The final version was composed of 41 items and eight 
factors: F1: Support from family and attitude toward diabe-
tes self-care (8 items), F2: Regularity of snacks and insulin 
injection (6 items), F3: Support at school and perception of 
life with diabetes (8 items), F4: Self-monitoring of blood 
glucose and daily life (5 items), F5: Independent self-care 
behavior (4 items), F6: Physical activity (3 items), F7: Nutri-
tion and goal of blood glucose control (5 items), and F8: 
Discussions with medical staff/teachers (2 items). The eight 
factors explained 40.86% of the variance. The item loading 
range was 0.30–0.72 (Table 2). A histogram of R-DSCI total 
score indicated that it was normally distributed. The mean 
R-DSCI score was 97.5 ± 8.7, with a range of 74–121, skew-
ness − .14, and kurtosis 0.01.

Reliability of the R‑DSCI

The Cronbach’s alpha for the 41 items was 0.79 and for the 
subscales was 0.53–0.75. Correlations between item-to-
subscale scores were 0.41–0.84 (P < 0.01). The correlation 
between F5 and total score was 0.20 (P < 0.05), and those 
between other subscales and total score were 0.37–0.70 
(P < 0.01). Item numbers, means (SDs), and Cronbach’s 

alpha coefficients for the eight factors in the R-DSCI are 
shown in Table 2. Test–retest reliability for the R-DSCI was 
estimated using a subset (n = 6) of the 122 cases and found 
to be stable (r = 0.87, P < 0.05) in this small sample.

Comparisons between genders, insulin regimens 
and correlations among study variables

Total and subscale scores on the R-DSCI were compared 
according to gender using unpaired t tests (Table 3). Only 
one subscale, F5: Physical activity score of boys, was signifi-
cantly higher than that of girls (t = 2.39, P < 0.05). Total and 
subscale scores on the R-DSCI were compared according to 
insulin regimen using unpaired t tests (Table 4). Only one 
subscale, F4: Self-monitoring of blood glucose and daily 
life, the score of CSII was significantly higher than that of 
MDI (t = − 2.44, P < 0.05).

Table 5 shows the correlations between total or subscale 
scores on the R-DSCI and HbA1c, age, or duration of dia-
betes. The total score (r = −0.24, P < 0.05) and three sub-
scale scores, F2: Regularity of snacks and insulin injection 
(r = −0.27, P < 0.01), F4: Self-monitoring of blood glucose 
and daily life (r = −0.21, P < 0.05), and F7: Nutrition and 
goal of blood glucose control (r = −0.23, P < 0.05), were 
significantly negatively correlated with HbA1c. Appropriate 
self-care was associated with good blood metabolic control. 
The total score (r = −0.24, P < 0.05) and four subscale scores 
were significantly negatively correlated with age. F5: Inde-
pendent self-care behavior was significantly correlated with 
age (r = 0.48, P < 0.01). The total score (r = −0.22, P < 0.05) 
and one subscale score were significantly negatively cor-
related with duration of diabetes.

The diabetes self‑care model created using 
subscales of the R‑DSCI, and clinical and growth 
indicators

Based on the correlations between subscales of the R-DSCI 
and study variables, a hypothetical model was tested repeat-
edly. The three subscales F1, F3, and F8, were used as 
composite indicators for a latent “support and perception 
of life with diabetes” construct. The four subscales F2, F4, 
F6, and F7, were used as composite indicators for a latent 
“diabetes self-care practice” construct. Because subscale 
F5 was a factor that was not significantly correlated with 
other subscales, it was included in the model as a possi-
ble confounder. HbA1c, age, and duration of diabetes were 
found to be associated with some of the subscales of the 
R-DSCI; therefore, these were included in the model. The 
final model had a good fit, with χ2 = 52.99, df = 40, P = 0.08, 
χ2(52.99)/df(40) = 1.32, CFI 0.91, RMESA 0.05, and AIC 
126.99 (Fig. 2). This model shows a negative direct effect 
of “diabetes self-care practice” on HbA1c (P = 0.004) and 

Table 1  Demographic characteristics of participants N = 122

MDI multiple daily injection, CSII continuous subcutaneous insulin 
infusion

Variable n (%) M (SD)

Age 13.1 (2.7)
Gender
Female 62 (50.8)
Male 60 (49.2)
Insulin regimen
MDI 94 (77.0)
CSII 24 (19.7)
Medical data
Age of diagnosis, years 6.4 (3.8)
Duration of type 1 diabetes, years 6.8 (4.2)
HbA1c, % 7.9 (0.9)
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Table 2  Items and factors of R-DSCI for children and adolescents

a Modified items, bAdded items, Eliminate items no.  6b,  12b,  13b,  24b,  30a, 41

Item no. Factors Mean (SD) Factor loadings

F1. Support from family and attitude toward diabetes self-care (8 items) eigenvalue 2.82, Cronbach’s alpha 0.69
38 How do you feel about SMBG? 2.35 (0.79) 0.65
31 How do you feel about insulin injections? 2.43 (0.75) 0.63
25a How do you feel about paying attention to the balance and amount of your meals? 2.28 (0.84) 0.55
9b If you have a problem, do you ask your parents or family for advice or help? 2.21 (0.77) 0.44
37 Do you think self-monitoring of blood glucose is useful? 2.67 (0.50) 0.42
8 Do your parents and family understand and help you? 2.84 (0.39) 0.38
42 Do you force yourself to suppress hypoglycemia? 2.11 (0.69) 0.30
29a How often do you forget insulin injections or bolus? 2.59 (0.68) 0.30
F2. Regularity of snacks and insulin injection (6 items) eigenvalue 2.78, Cronbach’s alpha 0.70
19 Do you have fixed times for snacks? 1.75 (0.66) 0.71
20 Do you have fixed amounts of snacks? 1.55 (0.64) 0.71
26a Do you have fixed times for insulin injections or bolus? 2.06 (0.55) 0.49
21 Do you consider about your illness when you eat out? 1.83 (0.76) 0.45
36 How would you evaluate your blood glucose control recently? 1.69 (0.63) 0.39
28a How do you rotate your injection site? 2.06 (0.68) 0.33
F3. Support at school and perception of life with diabetes (8 items) eigenvalue 2.46, Cronbach’s alpha 0.71
11 Do you feel your friends understand you? 2.46 (0.64) 0.60
15b Do you explain your illness to your friends when you need to? 2.28 (0.81) 0.56
5b How do you feel about diabetes? 2.55 (0.53) 0.56
44b How do you feel about eating snacks or injection in front of your friends? 2.47 (0.69) 0.54
10b Do you feel your friends pay attention to you and help you? 2.45 (0.65) 0.51
7b How do you feel about future diabetic complications? 2.07 (0.69) 0.47
43b How do you feel about hypoglycemia? 2.29 (0.65) 0.40
14b Do your teachers at school treat you the same as everyone else? 2.82 (0.43) 0.33
F4. Self-monitoring of blood glucose and daily life (5 items) eigenvalue 2.08, Cronbach’s alpha 0.60
2 How do you feel about your daily life? 2.55 (0.55) 0.60
1 Do you keep to regular routines in your everyday life? 2.11 (0.58) 0.58
4b Is there something you are trying really hard at? 2.66 (0.57) 0.50
3b Do you go to school every day? 2.83 (0.46) 0.42
32 How often do you self-monitor your blood glucose? 2.81 (0.55) 0.40
F5. Independent self-care behavior (4 items) eigenvalue 1.72, Cronbach’s alpha 0.74
40 Can you deal with hypoglycemia yourself? 2.48 (0.65) 0.58
27a Who does your insulin injections or bolus? 2.60 (0.62) 0.58
33 Who monitors your blood glucose? 2.76 (0.51) 0.56
39 Can you recognize the symptoms of hypoglycemia yourself? 2.54 (0.62) 0.36
F6. Physical activity (3 items) eigenvalue 1.70, Cronbach’s alpha 0.65
45 Do you do sports or play outside except for physical education classes? 2.25 (0.82) 0.72
46b Do you walk or cycle or do other physical activities? 2.46 (0.67) 0.51
47 How do you feel about doing exercise? 2.51 (0.63) 0.38
F7. Nutrition and goal of blood glucose control (5 items) eigenvalue 1.63, Cronbach’s alpha 0.57
22a Do you weigh food or count carbohydrates? 1.89 (0.85) 0.56
18 Do you know how much food you eat each day? 1.89 (0.60) 0.54
23a Do you pay attention to the balance and amount of your meals? 2.11 (0.76) 0.43
34 What is your target blood glucose level? 2.00 (0.76) 0.35
35 What is your target hemoglobin A1c (HbA1c) level? 2.87 (0.41) 0.31
F8. Discussions with medical staff/teachers (2 items) eigenvalue 1.58, Cronbach’s alpha 0.53
17b If you have a problem, do you ask the doctors or nurses for advice or help? 1.93 (0.72) 0.53
16b Do you ask your teachers for help if you have a problem with your illness at school? 1.58 (0.71) 0.51
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a negative indirect effect of “support and perception of life 
with diabetes” on HbA1c through “diabetes self-care prac-
tice” (P = 0.002; estimated effect − 0.21). The model shows 

a negative direct effect of age on “diabetes self-care prac-
tice” (P = 0.001) and a positive direct effect of age on F5: 
Independent self-care behavior (P < 0.001). In addition, the 

Table 3  Comparison of R-DSCI subscales and total score with gender

Data presented as mean (standard deviation), *P value < 0.05

Factor Over all, n = 122 Male, n = 60 Female, n = 62 t value

F1. Support from family and attitude toward diabetes self-care 19.5 (3.1) 19.4 (3.1) 19.6 (3.1) − 0.252
F2. Regularity of snacks and insulin injection 10.9 (2.5) 11.2 (2.7) 10.7 (2.2) 1.307
F3. Support at school and perception of life with diabetes 19.5 (2.9) 19.3 (3.0) 19.7 (2.9) − 0.694
F4. Self-monitoring of blood glucose and daily life 13.0 (1.7) 12.8 (1.9) 13.1 (1.4) − 0.987
F5. Independent self-care behavior 10.4 (1.8) 10.6 (1.7) 10.2(1.9) 1.364
F6. Physical activity 7.2 (1.6) 7.6 (1.5) 6.9 (1.7) 2.391*
F7. Nutrition and goal of blood glucose control 10.8 (2.1) 10.7 (2.0) 10.8 (2.2) − 0.354
F8. Discussion with medical staff/teachers 3.5 (1.2) 3.4 (1.1) 3.6 (1.2) − 0.892
Total score (41 items) 97.5 (8.7) 97.4 (9.1) 97.6 (8.4) − 0.110

Table 4  Comparison of R-DSCI subscales and total score with insulin regimen

Data presented as mean (standard deviation), *P value < 0.05
MDI multiple daily injection, CSII continuous subcutaneous insulin infusion

Factor Over all, n = 122 MDI, n = 94 CSII, n = 24 t value

F1. Support from family and attitude toward diabetes self-care 19.5 (3.1) 19.3 (3.0) 20.3 (3.4) − 1.42
F2. Regularity of snacks and insulin injection 10.9 (2.5) 10.9 (2.4) 10.9 (2.8) − 0.51
F3. Support at school and perception of life with diabetes 19.5 (2.0) 19.3 (3.1) 19.7 (2.5) − 0.53
F4. Self-monitoring of blood glucose and daily life 13.0 (1.7) 12.8 (1.8) 13.5 (1.0) − 2.44*
F5. Independent self-care behavior 10.4 (1.8) 10.3 (1.9) 10.4 (1.7) − 0.25
F6. Physical activity 7.2 (1.6) 7.2 (1.7) 7.5 (1.6) − 0.73
F7. Nutrition and goal of blood glucose control 10.8 (2.1) 10.6 (2.1) 11.4 (2.1) − 1.74
F8. Discussion with medical staff/teachers 3.5 (1.2) 3.5 (1.1) 3.5 (1.4) − 0.16
Total score (41 items) 97.5 (8.7) 96.6 (8.1) 100.4 (10.7) − 1.72

Table 5  Correlation between R-DSCI subscales and total score and age, duration of DM, HbA1c

Pearson’s correlation, *P value < 0.05, **P value < 0.01
R-DSCI revised version of the diabetes self-care inventory

F1 F2 F3 F4 F5 F6 F7 F8 Total

R-DSCI_F1 1.000
R-DSCI_F2 0.447** 1.000
R-DSCI_F3 − 0.008 0.088 1.000
R-DSCI_F4 0.262** 0.273** 0.114 1.000
R-DSCI_F5 0.073 − 0.001 0.096 − 0.140 1.000
R-DSCI_F6 0.051 0.099 0.215* 0.142 − 0.081 1.000
R-DSCI_F7 0.370** 0.386** 0.004 0.090 0.068 0.059 1.000
R-DSCI_F8 0.342** 0.264** − 0.014 0.108 0.129 − 0.013 0.185* 1.000
R-DSCI Total 0.689** 0.695** 0.458** 0.474** 0.200* 0.373** 0.533** 0.393** 1.000
Age − 0.229* − 0.210* 0.046 − 0.401** 0.483** − 0.212* − 0.050 0.071 − 0.236*
Duration of DM − 0.169 − 0.162 0.039 − 0.303** 0.059 − 0.011 − 0.125 − 0.105 − 0.217*
HbA1c − 0.103 − 0.266** − 0.113 − 0.211* 0.100 0.037 − 0.230* 0.062 − 0.237*
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model shows a negative direct effect of duration of diabetes 
on “support and perception of life with diabetes” (P = 0.03).

Discussion

Two principal conclusions can be drawn from this study. 
First, only one diabetes self-care scale for children and ado-
lescents has been used in Japan, and this has been modi-
fied to improve its flexibility and to add items to reflect the 
self-care framework. Of the items on the R-DSCI, 41 self-
reported measures were shown to have acceptable scale and 
subscale reliability (α = 0.79 and 0.53–0.74, respectively). 
Cronbach’s alpha of F8: Discussions with medical staff/
teachers was a little lower (α = 0.53), but this factor con-
tained only two items. Test–retest reliability for the R-DSCI 
was stable (r = 0.87, P < 0.05) in a small sample, a histo-
gram of the R-DSCI total score indicated that it was nor-
mally distributed, and the R-DSCI revealed few gender dif-
ferences. The R-DSCI thus reflected the flexible regimens 
currently used in diabetes care. It was then compared with 
the original DSCI factor structures. Two new factors, F3: 
Support at school and perception of life with diabetes and 
F8: Discussions with medical staff/teachers, were included 
in the R-DSCI. These two factors consist of the added items 
negotiation with others, support from friends, and perception 

of diabetes and diabetic complications. Our findings suggest 
that experience in daily school life influences the perception 
of life with diabetes in children and adolescents and, indeed, 
experiential learning was found to be key for adolescents 
to develop self-management skills and independence [22].

Second, a diabetes self-care model for children and ado-
lescents was constructed using subscales of the R-DSCI, 
HbA1c, and duration of diabetes as clinical indicators, and 
age as a growth indicator. The model shows a positive 
direct effect of age on F5: Independent self-care behavior, 
but a negative direct effect of age on “diabetes self-care 
practice”. Although teenagers have sufficient cognitive 
maturity and problem-solving abilities to manage their 
disease, many adolescents show poor adherence to treat-
ment regimens, because there is conflict between the needs 
of diabetes management and their social development and 
peer activities [23]. In addition, this model shows a direct 
effect of “diabetes self-care practice” on HbA1c, and an 
indirect effect of “support and perception of life with dia-
betes” on HbA1c through “diabetes self-care practice”. 
Support from parents and others, and children’s percep-
tion of life with diabetes were indirect factors that were 
important for good metabolic control. The subscale F5: 
Independent self-care behavior was a factor that did not 
significantly correlate with other subscales, and age alone 
had a positive direct effect on F5; therefore, it was only 

Fig. 2  Final diabetes self-care model results showing standardized path coefficients for the relationships between parameters in the R-DSCI, and 
metabolic control, age, and duration of diabetes
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included in the phase “primary diabetes self-care behav-
ior” of the self-care framework. This diabetes self-care 
model, which was constructed using subscales of R-DSCI, 
HbA1c, duration of diabetes, and age, validated the self-
care framework.

A diabetes education program focusing on the accu-
mulated experiences of children and adolescents since 
being diagnosed with type 1 diabetes is required during 
the transition to the next life stage. The diabetes self-
care model facilitates the development of such a diabetes 
education program, and the R-DSCI makes it possible to 
evaluate diabetes education programs in Japan. Clinicians 
and researchers should thus make use of the R-DSCI for 
the assessment of self-management by children and ado-
lescents. Children and adolescents were able to reflect 
on their own self-care behaviors while completing the 
R-DSCI. The result shows that the F4: Self-monitoring of 
blood glucose and daily life score of CSII was significantly 
higher than that of MDI. CSII may reduce the sense of bur-
den of daily diabetes management, especially in a school 
setting for children and adolescents. Recently, new blood 
glucose monitoring devices such as sensor-augmented 
pump and Flash Glucose Monitoring have become avail-
able in Japan. Several reports suggested that Flash Glu-
cose Monitoring may improve mental well-being among 
individuals in Japan with type 1 diabetes [24]. Continued 
investigation is required to explore the effects these new 
blood glucose monitoring devices have on diabetes self-
care of children and adolescents.

Limitations of the present study include relatively small 
sample sizes, especially for test–retest reliability, and Cron-
bach’s alpha for F8 was low. Although sample size is an 
inevitable problem because of the low incidence of type 1 
diabetes in Japan, further studies should evaluate the reli-
ability of the R-DSCI using larger sample sizes. In addition, 
self-care by younger children with type 1 diabetes and the 
support given for self-care by their parents require further 
investigation.
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