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Development and validation 
of a distress measurement 
for insulin injections 
among patients with diabetes
Eujin Choi 1,4, Min‑Sun Kim 1,4, Juhee Cho 2, Sooyeon Kim 2,3, Eun Kyung Kwon 1, Youngha Kim 3, 
Danbee Kang 2,3* & Sung Yoon Cho 1*

Insulin injections are stressful but necessary for people with diabetes. This study aimed to develop and 
validate the Distress of Self-Injection (DSI) scale for patients with diabetes aged ≥ 10 years. We created 
a questionnaire to evaluate DSI after examining each item following a literature review. The DSI scale 
with 20 questions in three domains (physical [4], psychosocial [7], and process [9]) was developed 
and tested at the Samsung Medical Center in Seoul, Korea, from April to September 2021. To verify 
structural validity, exploratory and confirmatory factor analyses (CFA) were conducted. Internal 
consistency was also calculated. To assess construct and criterion validity, the correlation between 
the DSI scale and Korean version of the Problem Areas in Diabetes (PAID-K) scale was obtained. 
Cronbach’s alpha varied from 0.69 to 0.87, and the DSI score was 0.90, demonstrating acceptable 
internal consistency. CFA fit indices (CFI = 0.980; RMSEA = 0.033) were favorable. DSI and pertinent 
PAID-K domains correlated strongly. For measuring self-injection distress, the DSI score had good 
accuracy. For patients with diabetes aged ≥ 10 years who self-inject insulin, the DSI was a viable and 
accurate method for quantifying discomfort associated with insulin injection. Health practitioners 
should use the DSI to communicate with patients about their suffering.
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PAID-K	� Korean version of the problem areas in diabetes
R	� R foundation for statistical computing, Vienna, Austria
RMSEA	� Root mean square error of approximation
SRMR	� Standardized root mean squared residual
STATA​	� StataCorp LP, college station, TX, USA

The total number of patients with diabetes is expected to increase from 11 million in 2000 to nearly 20 million in 
2025 and may increase steadily in the future1. In patients with diabetes, self-care activities are performed to main-
tain glycated hemoglobin (HbA1c) in the target range to prevent delayed onset of devastating complications2,3. 
Regular insulin injection is required for lifelong treatment in patients with type 1 or 2 diabetes not well-con-
trolled by oral medication alone4–6. Approximately 31% of diabetes patients are treated with insulin7 specifically, 
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15.4% ± 1.4% use insulin only, while 13.6% ± 11.1% use insulin plus oral medications8. Daily multiple injections 
can be painful and distressing9, resulting in poor compliance10. This complicates the treatment in childhood, 
and the condition can progress to microvascular and macrovascular dysfunction and other metabolic disorders. 
Therefore, researchers have sought reliable methods to measure distress caused by daily injections in patients 
with diabetes.

While the Problem Areas In Diabetes (PAID) scale is a useful tool for measuring the general emotional 
distress associated with diabetes11, it is not specifically designed to evaluate the distress associated with insulin 
injections. Furthermore, the 17-item Diabetes Distress Scale and the 28-item Type 1 Diabetes Distress Scale 
are tools that cover comprehensive distress associated with diabetes but these tools also cannot assess distress 
associated with self-injection12,13. However, insulin injection itself can cause distress to patients with diabetes. 
Patients feel different pain according to the different stages of insulin injection, such as needle insertion, insulin 
injection, and post-injection bleeding or bruising14–17. Furthermore, both process-related factors such as correct 
site rotation, disposal of used sharps, and the use of safety devices, and emotional factors such as the fear of being 
judged or discriminated against when injecting insulin in public, workplace discrimination, and limitations in 
traveling due to insulin injection also have distressed in patients with diabetes14,18. The detailed understanding of 
the specific aspects of insulin self-injection that patients find most challenging can help healthcare professionals 
develop tailored interventions that target the specific needs of each patient, ultimately leading to better manage-
ment of diabetes. Despite these unmet needs, existing instruments have not been identified that can effectively 
measure them. Although the Insulin Technique Questionnaire was developed to assess daily injection skills 
and problems, this tool is more focused on measuring the knowledge of insulin injection techniques instead of 
covering social or psychological issues related to self-injections19. Furthermore, the previous measures did not 
perform the validation studies in children and adolescents. Children and adolescents with diabetes and their 
parents or caregivers experience psychological or physical problems, and a factor responsible for this burden is 
insulin injection-related stress20,21. Additionally, considering that self-injection issues are more pronounced in 
childhood and adolescence because of low resilience22,23, previous tools may be ineffective for assessing distress 
caused by self-injections in children or adolescents with diabetes. Therefore, we developed and validated the 
Distress of Self-Injection (DSI) scale to assess self-injection distress in people aged 10 and above, including 
children, adolescents, and adults with diabetes.

Results
Study participants.  All 136 eligible participants, including those under 10  years old, completed the 
study questionnaire and demonstrated full comprehension of all the items. The mean age of participants was 
20.9 ± 6.7 years. The participants included 47.1% of men. Most (89.7%) participants had type 1 diabetes, and 80.9% 
of participants used insulin pens. The duration of insulin use for type 1 diabetes and diabetes of the other type 
were 11.4 ± 6.7 years, and 4.92 ± 5.4 years, respectively. The mean duration of diabetes was 10.9 ± 6.9 years. The 
mean HbA1c level for the last 3 months at the time of performing this study was 7.08% ± 1.08% (54 ± 12 mmol/
mol), and diabetes-related complications such as neuropathy, retinopathy, diabetic nephropathy, DM foot 
were found in 42% of patients (Table 1). The mean age at diagnosis was 9.63 ± 4.7 years for type 1 diabetes and 
13.5 ± 2.1 years for type 2 diabetes.

The highest score for distress items was “Bothered to carry the materials for insulin injection” followed by 
“Bothered to find and rotate the insulin site” and “Feeling uncomfortable because people might stare at me” (Fig. 1).

Structural validity: exploratory and confirmatory factor analysis.  All 23 items satisfied Bartlett’s 
test for sphericity (p < 0.01) and the KMO test for sampling adequacy (p = 0.88). EFA indicated a three-factor 
solution with an eigenvalue > 1.0; thus, it was initially designed for a three-factor solution. In addition, three 
items (“concerned with cost for paying insulin,” “The skin at the injection site is hard,” and “There is skin irritation 
due to the use of alcohol swabs when injecting insulin.”) were excluded because of lack of significant impact on 
the interpretable factor solution. Subsequently, “Bleeding or bruising at the insulin injection site” (r = 0.39) and “It 
stings to stop bleeding after insulin injection” (r = 0.37) had relatively low factor loading values; however, we did 
not exclude these items based on the expert opinion that they help quantify physical distress due to insulin injec-
tion (Table 2). In addition, “Feeling uncomfortable because people might stare at me,” “Feeling bothered to worry 
about storing insulin,” “Feeling bothered to find the insulin injection site and rotate the site,” and “Feeling bothered 
to calibrate the dose of insulin before injections” showed moderate correlations in both psychosocial and process 
domains. Thus, we assigned the item to a domain that showed a relatively high correlation.

CFA was used to examine the factor structure of the 20-item DSI scale, which revealed high loadings 
(0.43–0.79). Although some items, such as "Bleeding or bruising at the insulin injection site" and "Stinging sensa-
tion from using an alcohol swab to stop bleeding after insulin injection," had relatively low factor loadings, we 
chose to retain them in the questionnaire due to their content validity, which has been confirmed by experts. 
To address the issue of low convergence, we searched for items with a modification index value of 10 or higher 
and incorporated modification indices into the CFA model. The modified model resulted in a reasonable fit for 
the overall model, with a CFI of 0.980 and an RMSEA (Root mean square error of approximation) of 0.033 (as 
shown in Fig. 2) obtained after we reconstructed the model using these modification indices.

Internal consistency.  Cronbach’s alpha was 0.90 for the total DSI and ranged from 0.69 to 0.87 for the three 
subscales, indicating satisfactory internal consistency (Table 2).

Construct validity and criterion validity.  We have calculated the scores for each domain by summing 
up the scores for each item, and then aggregated these domain scores to calculate a total score out of 80 points. 
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The total DSI score correlated moderately with the PAID-K total score (r = 0.58), life interference (r = 0.60), and 
injection stress (r = 0.64). In addition, psychosocial and process in the DSI score correlated moderately with the 
PAID-K total score, life interferences due to injection, and stress due to injection. However, the physical domain 
of the DSI score correlated weakly with the PAID-K score (Table 3).

Discussion
This study showed the DSI is a valid tool and reliable to evaluate diabetes distress due to self-injection in indi-
viduals with diabetes over the age of 10 years. The emerged three factors were reflected in three subdomains: 
physical, psychosocial, and process. The construct validity of the tool was validated by both EFA and CFA, and 
the response scale was valid. Furthermore, concurrent and discriminant validities were demonstrated by vary-
ing degrees of correlation with PAID-K, life interference, and stress due to injection. Taken together, our results 
provide strong evidence supporting the construct validity and reliability of the DSI.

All participants answered all questions correctly. Considering that over half of the study participants were 
aged under 18 years, the DSI scale could be a viable method to quantify distress of self-injection regardless of the 
age or illiteracy rate when applied to children and adolescents. EFA and CFA confirmed our hypothesis regarding 
the underlying constructs of the DSI, which are physical, psychosocial, and process-oriented. The themes of the 
three domains were consistent with previously identified problems related to self-injection distress in children 
and adolescents.

The highest distress was the item “Bothered to carry the materials for insulin injection,” followed by “Bothered 
to find and rotate the insulin site” and “Feeling uncomfortable because people might stare at me.” These problems 
have been frequently reported in clinical practice; however, no items that can measure these problems have been 
reported19,24. Thus, the DSI is useful for measuring the psychosocial dimension. Furthermore, our study revealed 
differences in the physical problem domain by process. Among the patients, 45.6% and 35.3% reported moder-
ate to extreme problems with bleeding or bruising at the insulin injection site and feeling pain when injecting 
insulin, respectively. On the other hand, only 5.9% of patients reported moderate to extreme problems with 

Table 1.   Characteristics of study participants (N = 136). Values were presented n (%) or mean ± SD. SD 
standard deviation, DM Diabetes mellitus.

Characteristics Overall N (%)

Age, years (mean ± SD) 20.9 ± 6.7

Gender

 Female 72 (52.9)

 Male 64 (47.1)

Employment status

 Yes 50 (36.8)

 No 86 (63.2)

Education level

 High school graduate or less 90 (66.2)

 University graduate 40 (29.4)

 Master or PhD graduate 6 (4.4)

Marital status

 Single 131 (96.3)

 Married 5 (3.7)

Type of diabetes

 Type 1 diabetes 122 (89.7)

 Others (type 2, type 1.5, type C, etc.) 14 (10.2)

Duration of diabetes, years (mean ± SD) 10.9 ± 7.0

Type of insulin injection

 Disposable syringe 8 (5.9)

 Insulin pen 110 (80.9)

 Both disposable syringe and insulin pen 10 (7.4)

 Insulin pump 8 (5.9)

Duration of insulin injections, years (mean ± SD) 10.9 ± 6.9

Number of insulin injections, per day (mean ± SD) 4.5 ± 1.9

Hemoglobin A1c, (%, mmol/mol) 7.1 ± 1.1(54 ± 12)

Complication (N = 58)

 Neuropathy 37 (27)

 Retinopathy 18 (13)

 Diabetic nephropathy 2 (1.4)

 DM foot 1 (0.7)
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Figure 1.   Distributions of distress of self-injection (DSI).

Table 2.   Factor loadings from the exploratory factor analysis and reliability of the distress of self-injection 
dimensions. The largest loading values were in bold.

No. items (theme)

Factor

Cronbach’s a1 2 3

Physical 0.69

 Feeling pain when injecting needle of insulin syringe or pen 0.76

 Feeling pain when injecting insulin 0.77

 Bleeding or bruising at the insulin injection site 0.39

 A stinging sensation is experienced while stopping bleeding after insulin injection 0.37

Psychosocial 0.86

 It is difficult to

  Perform physical activities and outdoor activities due to insulin injections 0.66

  Study (or work) as much as you want compared to other people due to insulin injections 0.70

  Participate in all activities during camping or a trip due to insulin injections 0.61

  Form social relationships or engage in activities with the peers due to insulin injections 0.75

  Engage in hobbies due to insulin injections 0.80

  Go out for a meal due to insulin injections 0.62

 Feeling uncomfortable because people might stare at me 0.50 0.32

Process 0.87

 Feeling concerned about…

  Carrying the materials for insulin injection when going out 0.53

  Storing insulin 0.43 0.50

  Finding the insulin injection site and rotating the site 0.41 0.48

  Calibrating the dose of insulin before injections 0.39 0.77

  Washing my hands or using hand sanitizer before insulin injections 0.76

  Using alcohol swab before insulin injections 0.85

  Disinfecting the rubber stopper of an insulin vial or pen before insulin injections 0.83

  Changing to a new needle of an insulin syringe or pen 0.56

  Disposing the used materials (needles, alcohol swabs, etc.) after insulin injections 0.49
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bleeding cessation after insulin injection. If patients report pain during needle insertion, techniques such as 
numbing the injection site or using a smaller needle can be employed. Similarly, if patients experience bleeding 
or bruising, adjustments to injection technique or site can be made. By addressing these specific areas of distress, 
the DSI scale can be used to improve patient comfort, adherence to insulin therapy, and ultimately achieve better 
diabetes management outcomes.

In this study, the internal consistency of the scale was high. CFA also confirmed our hypothesis for DSI con-
structs, except for two items in the physical function subdomain: “Bleeding or bruising at the insulin injection 

Figure 2.   Confirmatory factor analysis of distress of self-injection (DSI).
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site” and “It stings to stop bleeding with an alcohol swab after insulin injection.” These items had relatively weak 
correlations with the other items and showed low factor loading values in EFA. The weak correlation may be 
related to the time of distress onset. These two items were related to distress after injections, while the other items 
were related to distress during the injection25.

In terms of construct validity and criterion validity, the total score of DSI and the scores for each subdomain 
were correlated moderately with PAID-K, life interference, and insulin injection stress. Physical distress in the 
DSI score showed weak or no correlation with PAID-K, life interference, and stress due to insulin injections. 
Because PAID-K evaluates only emotional distress due to diabetes, it cannot address physical distress. However, 
since physical problems from insulin injections also occur frequently, the DSI would be more useful in evaluat-
ing these problems25.

This study had several limitations. First, we used convenience sampling methods to recruit participants from 
a single hospital setting, which may have introduced some bias into our sample. Notably, the majority of the 
patients we enrolled were type 1 diabetes patients who regularly attended outpatient visits and followed up with 
counseling. However, we emphasize that the development of our study questionnaire involved extensive discus-
sions among experts and careful consideration of previous literature on the topic. Previous studies have shown 
that patients with diabetes experience similar problems related to self-injections25. Although further research 
is needed, the DSI scale could be a reliable measure for patients with diabetes in other countries. Second, no 
test–retest analysis was performed. Our study design did not include any clinical stability evaluation. However, 
the items included in the DSI were relatively objective measures. Third, to reduce the respondents’ distress, the 
convergent validity of the DSI scale’s physical or process distress subscale was not investigated using separate 
instruments.

Our tool will help patients specifically pinpoint which parts of the insulin injection steps they are having 
difficulty with. We also think that this tool will contribute to increasing global knowledge of the steps that are 
difficult. Furthermore, we think that by addressing the causes of the most difficult point, we can improve adher-
ence with insulin use, which will help control diabetes. Recently, many devices have been introduced for insulin 
treatment, such as continuous subcutaneous insulin infusion, tubeless attachment pumps, and automatic injec-
tor therapy. The DSI would be a useful tool to evaluate the efficacy of these devices in measuring the decreasing 
distress of self-injections in future clinical trials. In addition, the DSI could be helpful in measuring distress due 
to other self-injection agents (e.g., growth hormone, hemophilia treatment, and anticancer agents)26–28.

In conclusion, our study confirmed that the DSI is a valid and reliable scale for quantifying distress of insulin 
self-injections, including physical, psychosocial, and process aspects. It can be used to assess the distress of insu-
lin self-injections in patients with diabetes, including children and adolescents aged 10 years and older. Health 
professionals are recommended to use the DSI scale as a tool to communicate with patients about distress of 
self-injections.

Methods
Instrument development.  An expert team of two nurses, two pediatricians, three behavioral scientists, 
and one librarian conducted a thorough literature review before developing a questionnaire to assess DSI. We 
identified 11 studies related to the measurement tool for distress caused by insulin use in patients with diabe-
tes. Eighteen of 296 items extracted from the literature were retained, and 14 items were additionally selected 
based on the opinions of expert reviewers. The 32 items were divided into the following domains: general (5 
items), physical (6 items), physical society (10 items), process (10 items), and finance (1 item). Two pediatricians 
reviewed the items and removed general and financial domains from the tool to increase content validity.

Following the qualitative study, 26 items assessing self-injection distress were chosen from physical, psycho-
social, and process domains. We then developed a Korean translation of the English version. Respondents were 
asked to rate each statement on a 5-point Likert scale (0 = not at all; 1 = a little; 2 = slightly; 3 = quite a bit; and 
4 = very much). Sentences were made simple and easy to understand because the DSI scale is intended to cover 
children as well as adolescents and adults.

To perform content validation, we used modified Delphi methods. Initially, we identified a comprehensive 
list of items and built consensus from the feedback provided by expert participants in the preceding rounds. The 
modified Delphi method consisted of two rounds of email questionnaires and a final face-to-face meeting. This 
method has been described in previous studies29. Three of the 26 questions ("How satisfied are you with the type of 
injection?", "How much do you think insulin injections interfere with your daily life?", and "How stressful are insulin 
injections for you?”) covered overall distress rather than a single domain and were discarded by content experts 
in the first round. The other 3 questions (“Are you concerned about the cost of purchasing drugs and materials used 
for insulin injection?”, “The skin on the injection site is hard or lumpy.”, and “There is skin irritation caused by the 

Table 3.   Correlation between distress of self-injection and Korean version of problem areas in diabetes 
(PAID-K). *p < 0.01.

Items (theme) PAID-K total score Life interference due to injections Stress due to injections

Physical 0.23* 0.37* 0.39*

Psychosocial 0.62* 0.60* 0.62*

Process 0.44* 0.45* 0.48*

Insulin stress tool total score 0.58* 0.60* 0.64*
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use of alcohol during insulin injection.”) were related to an economic state or an outcome of an insulin injection, 
therefore those were discarded. Finally, a set of 20 items divided into three domains (physical [4], psychosocial 
[7], and process [9]) was provided to the study participants.

Psychometric validation.  Study participants.  We conducted a cross-sectional study of insulin-treated 
patients with diabetes aged 10–40 years who had visited the department of pediatrics at Samsung Medical Center 
in Seoul, Korea, from April to September in 2021. We recruited the patients who were confirmed with diabetes 
and were using insulin self-injection for control of diabetes using convenience sampling methods during the 
study period. We excluded patients who had any physical or psychiatric condition that would interfere with 
completing the questionnaire. When eligible patients visited the clinic, we explained this study and obtained 
informed consent. If the patients were aged under 19 years, the consent of the parent as a legal representative was 
obtained, and the consent of the child was obtained using a separate child consent. The study protocol was ap-
proved by the Institutional Review Board (IRB) at the Samsung Medical Center in Seoul, Republic of Korea, and 
all participants provided informed consent (IRB number: 2020-12-156-009 SMC). All methods were performed 
in accordance with the appropriate guidelines and regulations.

Measures.  We used the 20 items of draft DSI. In addition, we used the Korean version of the PAID scale (PAID-
K) to quantify emotional distress of patients with diabetes and test for concurrent and discriminant validities30,31. 
The PAID-K scale is a 20-item representative self-reported instrument for measuring diabetes-related emotional 
distress that covers a range of emotional problems in patients with diabetes32. It was originally developed in the 
United States of America for use in patients with diabetes. The validity and reliability of PAID has been well-
established in the Korean language33.

We collected sociodemographic data, including the educational level, marital status, monthly family income, 
and current employment status. Clinical data were obtained from electronic medical records, including the years 
since diagnosis, type of diabetes, and type of insulin injection. After conducting the survey, the research nurses 
asked the participants if there were any items in the DSI that were difficult to respond to.

Statistical analysis.  Descriptive statistics of DSI items and participant characteristics are expressed as 
mean ± standard deviation. We performed Bartlett’s test for sphericity and the Kaiser–Meyer–Olkin (KMO) test 
for sampling adequacy before the exploratory factor analysis (EFA). A significant statistical test in Bartlett’s 
sphericity test demonstrated that the correlation matrix was not an identity matrix (rejecting the null hypoth-
esis). The KMO test was used to determine the strength of the partial correlation between variables. KMO values 
closer to 1.0 are ideal, while those < 0.5 are unacceptable.

To evaluate structural validity, EFA was performed to determine the underlying structure of the DSI34. A 
common factor model with alpha factor extraction was used. Alpha extraction develops factors by identifying 
item groupings with maximum internal consistency, making it a viable option for instrument development35. 
We also performed the confirmatory factor analysis (CFA) using maximum likelihood with missing values to 
test whether our factor structure fit the data. Several goodness-of-fit indices were used to evaluate the model 
fit, including the comparative fit index (CFI), and root mean square error of approximation (RMSEA). A CFI 
score > 0.9 and RMSEA < 0.08 indicates a good fit to the data36,37. Factor loadings in CFA were categorized as low 
(< 0.30), midrange (0.30–0.59), and high (≥ 0.60)38.

To test the internal consistency, Cronbach’s alpha was calculated using derivation and validation data to test 
the DSI. We expected a value > 0.70, the accepted standard for instrument reliability.

Regarding hypothesis analysis to confirm construct and criterion validity, we assumed that the DSI domain 
and total scores would moderately correlate with the PAID-K total score, life interference, and injection stress 
(0.30–0.70).

A p-value < 0.05 (two-sided) was used to indicate statistical significance, and all statistical analyses were 
performed using STATA version 16 (StataCorp LP, College Station, TX, USA) and R 4.1.2. (R Foundation for 
Statistical Computing, Vienna, Austria).

Ethical approval.  The study protocol was approved by the Institutional Review Board (IRB) at the Samsung 
Medical Center in Seoul, Republic of Korea, and all participants provided informed consent (IRB number: 2020-
12-156-009 SMC).

Data and materials availability
The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request. The data that support the findings of this study are available on request from the correspond-
ing author [SY Cho]. The data are not publicly available due to containing information that could compromise 
research participant consent.

Received: 11 January 2023; Accepted: 18 July 2023

References
	 1.	 Boyle, J. P. et al. Projection of diabetes burden through 2050: impact of changing demography and disease prevalence in the U.S. 

Diabetes Care 24, 1936–1940. https://​doi.​org/​10.​2337/​diaca​re.​24.​11.​1936 (2001).
	 2.	 American Diabetes Association. Implications of the diabetes control and complications trial. Diabetes Care 26(Suppl 1), S25–S27. 

https://​doi.​org/​10.​2337/​diaca​re.​26.​2007.​s25 (2003).

https://doi.org/10.2337/diacare.24.11.1936
https://doi.org/10.2337/diacare.26.2007.s25


8

Vol:.(1234567890)

Scientific Reports |        (2023) 13:11725  | https://doi.org/10.1038/s41598-023-38982-1

www.nature.com/scientificreports/

	 3.	 Nieto, T., Castillo, B., Nieto, J. & Redondo, M. J. Demographic and diagnostic markers in new onset pediatric type 1 and type 2 
diabetes: differences and overlaps. Ann. Pediatr. Endocrinol. Metab. 27, 121–125. https://​doi.​org/​10.​6065/​apem.​21421​70.​085 (2022).

	 4.	 American Diabetes Association. 13. Children and adolescents: standards of medical care in diabetes-2019. Diabetes Care 42, 
S148–S164. https://​doi.​org/​10.​2337/​dc19-​S013 (2019).

	 5.	 Korean Diabetes Association. Treatment Guideline for Diabetes 6th edn. (Korean Diabetes Association, 2019).
	 6.	 DiMeglio, L. A. et al. ISPAD clinical practice consensus guidelines 2018: glycemic control targets and glucose monitoring for 

children, adolescents, and young adults with diabetes. Pediatr. Diabetes 19(Suppl 27), 105–114. https://​doi.​org/​10.​1111/​pedi.​12737 
(2018).

	 7.	 Centers for Disease Control Prevention. Age-adjusted percentage of adults with diabetes using diabetes medication, by type of medi-
cation, United States, 1997–2011 (National Center for Chronic Disease Prevention and Health Promotion, 2013).

	 8.	 Selvin, E., Parrinello, C. M., Sacks, D. B. & Coresh, J. Trends in prevalence and control of diabetes in the United States, 1988–1994 
and 1999–2010. Ann. Intern. Med. 160, 517–525. https://​doi.​org/​10.​7326/​M13-​2411 (2014).

	 9.	 Yuen, K. C. J., Miller, B. S., Boguszewski, C. L. & Hoffman, A. R. Usefulness and potential pitfalls of long-acting growth hormone 
analogs. Front. Endocrinol. (Lausanne) 12, 637209. https://​doi.​org/​10.​3389/​fendo.​2021.​637209 (2021).

	10.	 Martin, D. et al. Efficacy of Humalog injections before an afternoon meal and their acceptance by children and adolescents with 
type 1 diabetes. Diabet. Med. 19, 1026–1031. https://​doi.​org/​10.​1046/j.​1464-​5491.​2002.​00845.x (2002).

	11.	 Lee, E. H., Lee, Y. W., Lee, K. W., Kim, Y. S. & Nam, M. S. Measurement of diabetes-related emotional distress using the problem 
areas in diabetes scale: psychometric evaluations show that the short form is better than the full form. Health Qual. Life Outcomes 
12, 142. https://​doi.​org/​10.​1186/​s12955-​014-​0142-z (2014).

	12.	 Choi, E. J. Factors related to Glycemic Control in Patients with Type 2 Diabetes (Yonsei University, 2007).
	13.	 Hendrieckx, C., Halliday, J. A., Beeney, L. J. & Speight, J. Diabetes and Emotional Health: A Practical Guide for Health Professionals 

Supporting Adults with Type 1 and Type 2 Diabetes (American Diabetes Association, 2021).
	14.	 Liu, N. F. et al. Erratum: Stigma in people with type 1 or type 2 diabetes. Clin. Diabetes 35 27–34. https://​doi.​org/​10.​2337/​cd16-​

0020.​Clin.​Diabe​tesClin. Diabetes 35, 262https://​doi.​org/​10.​2337/​cd17-​er01 (2017).
	15.	 desJardins-Park, H. E. & Wan, D. C. Leveraging mechanical forces to target insulin injection-induced lipohypertrophy and fibrosis. 

Diabetes Spectr. 34, 308–312. https://​doi.​org/​10.​2337/​ds20-​0048 (2021).
	16.	 Montoya, J. M., Thompson, B. M., Boyle, M. E., Leighton, M. E. & Cook, C. B. Patterns of sharps handling and disposal among 

insulin-using patients with diabetes mellitus. J. Diabetes Sci. Technol. 15, 60–66. https://​doi.​org/​10.​1177/​19322​96819​882926 (2021).
	17.	 Arshad, I., Mohsin, S., Iftikhar, S., Kazmi, T. & Nagi, L. F. Barriers to the early initiation of Insulin therapy among diabetic patients 

coming to diabetic clinics of tertiary care hospitals. Pak. J. Med. Sci. 35, 39–44. https://​doi.​org/​10.​12669/​pjms.​35.1.​237 (2019).
	18.	 Song, Y. Concept analysis for psychological insulin resistance in Korean people with diabetes. J. Korean Acad. Nurs. 46, 443–453. 

https://​doi.​org/​10.​4040/​jkan.​2016.​46.3.​443 (2016).
	19.	 Frid, A. H., Hirsch, L. J., Menchior, A. R., Morel, D. R. & Strauss, K. W. Worldwide injection technique questionnaire study: Popula-

tion parameters and injection practices. Mayo Clin. Proc. 91, 1212–1223. https://​doi.​org/​10.​1016/j.​mayocp.​2016.​06.​011 (2016).
	20.	 Butwicka, A. et al. Psychiatric disorders and health-related quality of life in children with type 1 diabetes mellitus. Psychosomatics 

57, 185–193. https://​doi.​org/​10.​1016/j.​psym.​2015.​11.​001 (2016).
	21.	 Arabiat, D., Al Jabery, M. & Whitehead, L. A concept analysis of psychological distress in parents related to diabetes management 

in children and adolescents. J. Spec. Pediatr. Nurs. 25, e12287. https://​doi.​org/​10.​1111/​jspn.​12287 (2020).
	22.	 Yi-Frazier, J. P. et al. The association of personal resilience with stress, coping, and diabetes outcomes in adolescents with type 1 

diabetes: variable- and person-focused approaches. J. Health Psychol. 20, 1196–1206. https://​doi.​org/​10.​1177/​13591​05313​509846 
(2015).

	23.	 Skedgell, K. K., Cao, V. T., Gallagher, K. A., Anderson, B. J. & Hilliard, M. E. Defining features of diabetes resilience in emerging 
adults with type 1 diabetes. Pediatr. Diabetes 22, 345–353. https://​doi.​org/​10.​1111/​pedi.​13136 (2021).

	24.	 Dennick, K., Sturt, J. & Speight, J. What is diabetes distress and how can we measure it? A narrative review and conceptual model. 
J. Diabetes Complications 31, 898–911. https://​doi.​org/​10.​1016/j.​jdiac​omp.​2016.​12.​018 (2017).

	25.	 Kamrul-Hasan, A. et al. Insulin injection practice and injection complications-results from the Bangladesh insulin injection 
technique survey. Eur. Endocrinol. 16, 41–48. https://​doi.​org/​10.​17925/​EE.​2020.​16.1.​41 (2020).

	26.	 Umpierrez, G. E. & Klonoff, D. C. Diabetes technology update: Use of insulin pumps and continuous glucose monitoring in the 
hospital. Diabetes Care 41, 1579–1589. https://​doi.​org/​10.​2337/​dci18-​0002 (2018).

	27.	 Ly, T. T., Layne, J. E., Huyett, L. M., Nazzaro, D. & O’Connor, J. B. Novel Bluetooth-enabled tubeless insulin pump: innovating 
pump therapy for patients in the digital age. J. Diabetes Sci. Technol. 13, 20–26. https://​doi.​org/​10.​1177/​19322​96818​798836 (2019).

	28.	 Grand View Research. Self-injection Devices Market Size, Share & Trends Analysis Report By Product (Autoinjectors, Needle-free 
Injectors), By Usability (Disposable, Reusable), By Application (Cancer, Pain Management), By Region, And Segment Forecasts, 
2022 - 2030. Report ID: GVR-4-68039-919-4. https://​www.​grand​viewr​esear​ch.​com/​indus​try-​analy​sis/​self-​injec​tion-​devic​es-​mar-
ket-​report. Accessed 15 Nov 2022.

	29.	 Eubank, B. H. et al. Using the modified Delphi method to establish clinical consensus for the diagnosis and treatment of patients 
with rotator cuff pathology. BMC Med. Res. Methodol. 16, 56. https://​doi.​org/​10.​1186/​s12874-​016-​0165-8 (2016).

	30.	 Yun, Y. H. et al. Cross-cultural application of the Korean version of the European organization for research and treatment of cancer 
(EORTC) breast-cancer-specific quality of life questionnaire (EORTC QLQ-BR23). Support. Care Cancer 12, 441–445. https://​doi.​
org/​10.​1007/​s00520-​004-​0632-3 (2004).

	31.	 Rosenberg, M. Society and the Adolescent Self-image (Princeton University Press, 1965).
	32.	 Polonsky, W. H. et al. Assessment of diabetes-related distress. Diabetes Care 18, 754–760. https://​doi.​org/​10.​2337/​diaca​re.​18.6.​754 

(1995).
	33.	 Eom, Y. S. et al. Evaluation of stress in korean patients with diabetes mellitus using the problem areas in diabetes-Korea question-

naire. Diabetes Metab. J. 35, 182–187. https://​doi.​org/​10.​4093/​dmj.​2011.​35.2.​182 (2011).
	34.	 Ferketich, S. & Muller, M. Factor analysis revisited. Nurs. Res. 39, 59–62. https://​doi.​org/​10.​1097/​00006​199-​19900​1000-​00012 

(1990).
	35.	 Gorsuch, R. L. Factor Analysis: CLASSIC Edition (Routledge, 2014).
	36.	 Rubinshtein, R. et al. Usefulness of 64-slice cardiac computed tomographic angiography for diagnosing acute coronary syndromes 

and predicting clinical outcome in emergency department patients with chest pain of uncertain origin. Circulation 115, 1762–1768. 
https://​doi.​org/​10.​1161/​CIRCU​LATIO​NAHA.​106.​618389 (2007).

	37.	 Ximenez, C. Recovery of weak factor loadings in confirmatory factor analysis under conditions of model misspecification. Behav. 
Res. Methods 41, 1038–1052. https://​doi.​org/​10.​3758/​BRM.​41.4.​1038 (2009).

	38.	 Kamaruzzaman, S., Ploubidis, G. B., Fletcher, A. & Ebrahim, S. A reliable measure of frailty for a community dwelling older 
population. Health Qual. Life Outcomes 8, 123. https://​doi.​org/​10.​1186/​1477-​7525-8-​123 (2010).

Acknowledgements
The authors would like to thank the participants and research assistants who participated in the study.

https://doi.org/10.6065/apem.2142170.085
https://doi.org/10.2337/dc19-S013
https://doi.org/10.1111/pedi.12737
https://doi.org/10.7326/M13-2411
https://doi.org/10.3389/fendo.2021.637209
https://doi.org/10.1046/j.1464-5491.2002.00845.x
https://doi.org/10.1186/s12955-014-0142-z
https://doi.org/10.2337/cd16-0020.Clin.Diabetes
https://doi.org/10.2337/cd16-0020.Clin.Diabetes
https://doi.org/10.2337/cd17-er01
https://doi.org/10.2337/ds20-0048
https://doi.org/10.1177/1932296819882926
https://doi.org/10.12669/pjms.35.1.237
https://doi.org/10.4040/jkan.2016.46.3.443
https://doi.org/10.1016/j.mayocp.2016.06.011
https://doi.org/10.1016/j.psym.2015.11.001
https://doi.org/10.1111/jspn.12287
https://doi.org/10.1177/1359105313509846
https://doi.org/10.1111/pedi.13136
https://doi.org/10.1016/j.jdiacomp.2016.12.018
https://doi.org/10.17925/EE.2020.16.1.41
https://doi.org/10.2337/dci18-0002
https://doi.org/10.1177/1932296818798836
https://www.grandviewresearch.com/industry-analysis/self-injection-devices-market-report
https://www.grandviewresearch.com/industry-analysis/self-injection-devices-market-report
https://doi.org/10.1186/s12874-016-0165-8
https://doi.org/10.1007/s00520-004-0632-3
https://doi.org/10.1007/s00520-004-0632-3
https://doi.org/10.2337/diacare.18.6.754
https://doi.org/10.4093/dmj.2011.35.2.182
https://doi.org/10.1097/00006199-199001000-00012
https://doi.org/10.1161/CIRCULATIONAHA.106.618389
https://doi.org/10.3758/BRM.41.4.1038
https://doi.org/10.1186/1477-7525-8-123


9

Vol.:(0123456789)

Scientific Reports |        (2023) 13:11725  | https://doi.org/10.1038/s41598-023-38982-1

www.nature.com/scientificreports/

Author contributions
E.J.C.: Conceptualization, Data collection, Writing—Original draft preparation. M.S.K.: Conceptualization, 
Writing—Original draft preparation. S.Y.K.: Data analysis. E.K.K.: Conceptualization, Data collection. Y.H.K.: 
Writing—Reviewing and Editing. J.H.C.: Supervision, Writing—Reviewing and Editing. D.B.K.: Supervision, 
Conceptualization, Methodology, Data analysis, Writing—Original draft preparation. S.Y.C.: Supervision, Writ-
ing—Reviewing and Editing. S.Y.C. and D.B.K. is the guarantor of this work and, as such, had full access to all 
the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to D.K. or S.Y.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Development and validation of a distress measurement for insulin injections among patients with diabetes
	Results
	Study participants. 
	Structural validity: exploratory and confirmatory factor analysis. 
	Internal consistency. 
	Construct validity and criterion validity. 

	Discussion
	Methods
	Instrument development. 
	Psychometric validation. 
	Study participants. 
	Measures. 
	Statistical analysis. 

	Ethical approval. 

	References
	Acknowledgements


