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Introduction: Diabetes is a highly prevalent metabolic disease worldwide. In Taiwan, healthcare services emphasize self-
management strategies and interventions focusing on self-care. However, there is a lack of literature on diabetes distress (DD).
Therefore, this study aims to explore the relationship between demographic characteristics, diabetes knowledge, and diabetes self-care
behaviors with diabetes distress among Type 2 diabetes mellitus (T2DM) patients and identify predictive factors.

Methods: This study employs a cross-sectional survey, targeting T2DM patients from the internal medicine outpatient clinic of
a regional hospital in eastern Taiwan. Participants were recruited through purposive sampling from April 11, 2023, to May 16, 2023.
The study examines the correlation between diabetes knowledge, diabetes self-care behaviors, and diabetes distress, as well as other
influencing factors. The data analysis methods include (1) differences in diabetes knowledge, diabetes self-care behaviors, and diabetes
distress scores, analyzed using t-tests or ANOVA, (2) Scheffe’s tests for significant differences identified by ANOVA to locate group
differences in means, and (3) multiple regression analysis to identify key predictive factors of diabetes distress.

Results: The findings reveal that both diabetes knowledge (f=—0.046, p=0.029) and diabetes self-care behaviors (f=—0.186, p=0.006)
significantly predict diabetes distress. Additionally, gender (=0.251, p=0.004), family history of diabetes (=0.213, p=0.017), and
diabetes complications (=0.228, p=0.018) are significant predictors of diabetes distress. The overall F-test reached significance
(F=7.61, p<0.001), and the explanatory power of the regression model (R?>=0.17) is statistically significant, indicating that diabetes
knowledge, diabetes self-care behaviors, gender, family history of diabetes, and diabetes complications are important predictors of
diabetes distress in T2DM patients. These findings can provide valuable insights for clinicians in identifying risk factors for diabetes
distress and understanding the factors that influence diabetes distress in T2DM patients.

Conclusion: It is crucial to integrate the assessment and management of diabetes distress into routine diabetes care and even
implement distress screening during the health promotion stage. Strengthening the ability of healthcare professionals to identify
diabetes distress through early detection of risk factors and providing individualized interventions and care plans tailored to T2DM
patients is of great importance.

Keywords: type 2 diabetes, diabetes knowledge, diabetes self-care behaviors, diabetes distress, diabetes knowledge questionnaire,
DKQ-18, diabetes self-care behaviors scale, problem areas in diabetes scale, PAID

Background

Diabetes is a highly prevalent metabolic disease worldwide, posing a significant burden on public health systems.'
Taiwan has the highest prevalence of diabetes in Asia. According to statistics from Taiwan’s Ministry of Health and
Welfare, more than one in ten people may have diabetes. In 2023, diabetes ranked fifth among the leading causes of
death and was the third-highest expenditure in the National Health Insurance system, amounting to approximately NT
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$36.4 billion annually.? This indicates that diabetes has one of the highest incidences among chronic diseases in
Taiwan and is a major health issue. Routine clinical care primarily focuses on diabetes self-management plans, such
as diet, physical activity, and medication adherence,’ yet often overlooks the psychological distress related to
diabetes. One unique and challenging psychosocial issue for diabetes patients is diabetes distress (DD).** The term
“diabetes distress” was introduced into psychosocial research in 1995 by a group of psychologists and psychiatrists
from the Joslin Diabetes Center, referring to the negative emotions or emotional experiences arising from the
challenges of living with the demands of diabetes.® Diabetes distress is a negative emotional state, not
a pathological condition. It is a syndrome composed of multiple dimensions, triggered by stress under specific
circumstances or difficulties in coping with diabetes in daily life, and it may be accompanied by worry, conflict,
frustration, and depression.” ' There is a bidirectional relationship between depressive mood and diabetes.'
Diabetes distress differs from clinical depression, which is characterized by distinct symptoms but lacks diabetes-
related emotional stress and worry.'> However, when severe or exacerbated by other environmental or personal
factors, diabetes distress can become severe enough to lead to depression.'’> Therefore, the relationship between
diabetes distress and depression, as well as the significant overlap between these conditions, should be considered.'

Addressing diabetes distress can help individuals make clear decisions,’

assisting clinicians in identifying barriers to
diabetes management.'”

The personal sociodemographic characteristics of T2DM patients have been shown to predict psychological distress,
and studies have found that the impact of diabetes distress on diabetes control may be greater than that of depression.'®
Diabetes distress is related to changes in blood sugar and HbAlc levels.”'*'* After health education interventions a 10%
reduction in diabetes distress is associated with a 0.25% decrease in HbAlc levels.'®'” Some scholars suggest that
diabetes distress is an emotional disorder that negatively affects diabetes self-care behaviors, leading to poor blood sugar
control,'® although no direct relationship with HbAlc has been found.'*° Diabetes distress in adult T2DM patients has
been associated with smoking behavior,”' but some studies indicate no correlation.” Gender is not directly related to
diabetes distress, but women are more likely to experience diabetes distress due to gender roles and emotional
differences.”*** Lower educational levels are associated with higher diabetes distress.” Factors such as younger age,
higher BMI, marital status, blood lipid levels, diabetes complications, poor self-care ability, and low adherence to

12:17.23 a1though some studies report different results.” > Due to

nutritional plans may be related to diabetes distress,
the inconsistency in the findings of various studies, further research is needed to clarify the relationship between diabetes
distress and demographic characteristics.

There is a positive correlation between diabetes knowledge and blood sugar levels,'” but no significant correlation
between diabetes knowledge and diabetes distress,?’ that self-care is correlated with diabetes distress.”* However,
higher diabetes knowledge is positively correlated with diabetes self-care behaviors,?® suggesting that diabetes distress
may be a result of inadequate self-care.” Diabetes distress is widespread and significantly impacts self-care, which aids
in the early detection and management of diabetes distress. The potential benefit of addressing the link between
diabetes distress and self-care lies in enhancing self-care programs for managing diabetes distress.”* Diabetes distress
reduces self-care abilities, affecting the individual’s capacity to solve problems necessary for effective diabetes self-
care.”®

Monitoring diabetes distress as part of routine clinical care has already been incorporated into the guidelines of many
countries.”® However, existing research is mostly focused on Western countries, with limited exploration of diabetes
distress in Asia or other cultural contexts. in the context of Taiwan’s healthcare culture, healthcare services primarily
focus on self-management strategies and interventions related to self-care, leading to a lack of literature on diabetes
distress. From the existing literature, it is evident that the factors influencing diabetes distress vary across countries due to
differences in culture and healthcare policies. In Taiwan, mental health issues are still not widely recognized. Diabetes
patients may be less likely to seek psychological counseling or emotional support, and healthcare professionals may not
fully understand the factors contributing to difficulties in managing diabetes. Therefore, the purpose of this study is to
explore the relationship between the demographic characteristics, diabetes knowledge, diabetes self-care behaviors, and

diabetes distress of T2DM patients, as well as to identify the predictive factors.
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Methods
Study Design and Population

This study is a cross-sectional survey, approved by the Institutional Review Board (or Ethics Committee) of Yuli
Hospital, Ministry of Health and Welfare (protocol code, YLH-IRB-11203), and the relevant institution. The research
subjects were T2DM patients from the internal medicine outpatient clinic of a regional hospital in eastern Taiwan,
selected through purposive sampling. The data collection period spanned one month, from 11 April 2023 to
16 May 2023. The study focused on the relationship between diabetes knowledge, diabetes self-care, and diabetes
distress in T2DM patients, as well as the exploration of influencing factors. The independent variables include
“Demographic Characteristics”, “Diabetes Knowledge Questionnaire”, and “Diabetes Self-Care Behaviors Scale”. The
dependent variable is diabetes distress (Figure 1).

Inclusion and Exclusion Criteria

The inclusion criteria for the participants were as follows: (1) diagnosed by a physician with T2DM, ICD-10: E11.9; (2)
aged 20 years or older; (3) clear consciousness, able to complete the questionnaire independently or through verbal
communication; (4) able to clearly express themselves in a Taiwanese language; (5) provided informed consent after
being informed of the study’s purpose and methods, and possessed valid blood test results at the time of recruitment. The
exclusion criteria were: (1) individuals with cognitive impairment or depression, anxiety or other psychiatric disorders
that could interfere with the evaluation of the diabetes distress; (2) individuals unable to communicate; (3) pregnant or
breastfeeding women with Type 2 diabetes. The research followed the ethical principles of the World Medical
Association’s Declaration of Helsinki, researchers first provide participants with detailed information about the study
plan and their rights as respondents. After signing the informed consent form and providing written consent, the
participants were given the questionnaire. The questionnaires were completed anonymously, and participants were
given a gift as a token of appreciation for their participation in the study. From explaining the consent form to collecting
self-reported data, all tasks were completed by the same researcher.

Data Source and Participants

To achieve the necessary statistical power and minimize sample attrition, we conservatively estimated a = 0.05 and
power = 0.95, with a correlation coefficient of —0.28 between self-care behaviors and psychological distress.”” Using
Pearson’s correlation and a two-tailed test, it was determined that a minimum sample size of 160 participants was
required. Taking into account an expected sample attrition rate of 10%, this study aimed to recruit at least 176 T2DM

patients. The sample size estimation was conducted using G*Power (version 3.1).%%%°

Questionnaire Design

The research tools were divided into two parts: the first consisted mainly of self-administered questionnaires, and
the second involved obtaining physiological indicators from the health insurance database’s examination reports on
the day of recruitment. The questionnaire collected information on “demographic characteristics”, “Diabetes Knowledge
Questionnaire”, “Diabetes Self-Care Behaviors Scale”, and the “Chinese Version of the Problem Area in Diabetes, PAID-
C”, all of which were validated and previously published scales, with the participants being Taiwanese nationals. The
details are as follows.
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Demographic Characteristics
(1) Basic information: Age, Gender, Marital status, Education level, Family history of diabetes, Duration of diabetes,
Diabetes complications, Treatment method, Nutritional consultation, Smoking, and Frequency of exercise.

(2) Physiological indicators: BMI, HbAlc, and Total Cholesterol.

Participant’s Demographic Characteristics such as BMI, HbAlc, Cholesterol levels, Complication were obtained from
the medical records of the healthcare system at the study site.

Diabetes Knowledge Questionnaire (DKQ-18)

This study used the Diabetes Knowledge Questionnaire (DKQ-18),>* with authorization from the original authors. The
DKQ was initially developed in Spanish and English, with a Cronbach’s alpha of 0.78. The simplified Chinese version
had a Cronbach’s alpha of 0.89, and it has been translated and validated in several languages, including simplified
Chinese.*® To make the DKQ freely available in Chinese-speaking countries, it was translated into traditional Chinese for
use in Taiwan, and its factor structure, internal consistency, known-group validity, responsiveness, test-retest reliability,
and validity were evaluated. The simplified version of DKQ-18, derived from the original 24-item DKQ, contains 18
items in traditional Chinese. The Cronbach’s a of DKQ-18 is 0.732, and McDonald’s ® is 0.748. DKQ-18 assesses
diabetes knowledge across five factors: diabetes etiology and symptoms, intermediate nursing, complications, diet and
treatment, and elementary nursing.’® The questionnaire consists of 18 items, with responses categorized as “correct”,
“incorrect”, or “do not know”. Eight questions are labeled as correct, and ten are labeled as incorrect. Each correct
answer scores 1 point, while incorrect or “do not know” answers score 0. The total score ranges from 0 to 18, with higher
scores indicating better diabetes knowledge.

Diabetes Self-Care Behaviors Scale (DSC)

This study used the Diabetes Self-Care Behaviors Scale, which was revised by Wang et al in 1998 from the scale
developed by Hurley and Shea in 1992. The original authors authorized its use.*' The reliability analysis yielded
a Cronbach’s a of 0.96, with an internal consistency Cronbach a value of 0.82 and a KMO of 0.68. The scale consists
of five categories: exercise self-care (4 items), dietary self-care (6 items), medication and blood glucose monitoring self-
care (7 items), foot care self-care (5 items), and self-care for the prevention and management of hypoglycemia and
hyperglycemia (4 items).”' In total, the structured self-administered questionnaire contains 26 items. All items are
positively scored using a Likert S-point scale, ranging from “not at all” (1 point), “sometimes not possible” (2 points),
“fair” (3 points), “can be done” (4 points), to “completely done” (5 points). The total score ranges from 26 to 130, with
higher scores indicating better management of self-care behaviors.

Chinese Version of the Problem Area in Diabetes (PAID-C)

The scale used in this study to measure diabetes distress is the Chinese Version of the Problem Area in Diabetes (PAID-
C), developed by Polonsky in 1995 and adapted into Chinese in 2010.** The confirmatory factor analysis of PAID-C
shows good construct validity, with GFI = 0.901 and CFI = 0.905. The scale’s score is significantly correlated with blood
glucose levels (r =—0.17, p < 0.05), and the test-retest reliability after four weeks is 0.83 (p < 0.01). This indicates that
the scale has good reliability and validity for measuring disease-related stress in diabetes patients and reflecting stress
accumulated from medical orders and treatment outcomes.’” The scale contains four dimensions: emotional aspect (11
items), dietary aspect (3 items), treatment aspect (3 items), and social support (3 items), totaling 20 items. It uses a Likert
5-point scale, ranging from “not a problem” (0 points), “minor problem” (1 point), “moderate problem” (2 points),
“somewhat serious problem” (3 points), to “serious problem” (4 points). The total score ranges from 0 to 80, with higher
scores indicating higher levels of subjective diabetes-related stress.

Statistical Analysis

After collecting the questionnaires, incomplete or patterned responses, as well as invalid questionnaires with only
a single response option, were excluded. The valid questionnaires were coded and entered into the computer based on
the responses. Data entry and analysis were conducted using SPSS for Windows version 26.0. The data analysis methods
were as follows:
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Descriptive statistics: 14 demographic variables were analyzed for means, standard deviations, and percentages to
describe the sample structure.

Inferential statistics: (1) Two-sample #-test: For variables with two groups, differences in diabetes knowledge,
diabetes self-care behaviors, and diabetes distress scores were analyzed. (2) One-way ANOVA: For variables with
three or more groups, differences in diabetes knowledge, diabetes self-care behaviors, and diabetes distress scores were
analyzed. (3) If the F-value of the one-way ANOVA reached significance (P < 0.05), Scheffé’s method was used to
identify which groups had significant differences in their means. (4) Pearson’s correlation analysis was conducted to
identify the correlations among diabetes knowledge, diabetes self-care behaviors, and diabetes distress in patients with
type 2 diabetes mellitus. (5) Multiple regression analysis was conducted to identify important predictors of diabetes
distress from diabetes knowledge, diabetes self-care behaviors, and demographic characteristics.

Results

The study participants were T2DM patients from the internal medicine outpatient clinic of a regional hospital in eastern
Taiwan. This study focused on the relationship between diabetes knowledge, diabetes self-care behaviors, and diabetes
distress. From April 11, 2023, to May 16, 2023, a total of 220 questionnaires were distributed. Among them, 196 valid
questionnaires were collected, while 24 were deemed invalid, yielding a response rate of 89%. Additionally, the
normality of continuous variables was assessed using the Kolmogorov—Smirnov test, and all variables were found to
be normally distributed.

Demographic Characteristics and Physiological Indicators of Participants
The demographic characteristics are summarized in Table 1, using frequency distribution and percentage analysis. The
participant’s ages ranged from 28 to 80 years, with an average age of 59 years. The gender ratio between males and females
was roughly equal. Most participants were married, and educational levels were generally low, with over 60% having
a family history of diabetes. The majority of participants had been diagnosed with diabetes for fewer than five years. Over
70% of participants had diabetes complications, with oral hypoglycemic agents being the primary treatment method. Among
the complications, eye diseases were the most common. More than 40% of participants had not received nutritional
consultations in the past year, approximately 30% were smokers, and nearly 70% did not engage in regular physical exercise.
In terms of physiological indicators, only around 20% of participants had a normal BMI, while 60% had an HbAlc
level greater than 7.0%, indicating elevated blood sugar levels. Approximately 20% of participants had abnormal total
cholesterol levels, exceeding 200 mg/dl (Table 1).

Analysis of Current Status of Diabetes Knowledge, Diabetes Self-Care Behaviors, and

Diabetes Distress
The Diabetes Knowledge Questionnaire (DKQ-18) consists of five factors with corresponding question numbers: six
questions on diabetes etiology and symptoms, four on intermediate nursing, three on complications, two on diet and
treatment, and three on elementary nursing. The overall average total score in terms of diabetes knowledge was 11.30
(SD=2.16). The highest scoring questions were in the elementary nursing category, with the following top three correct
response rates: “Diabetics should take extra care when cutting their toenails” (98%), “Cuts and abrasions on diabetics
heal more slowly” (96.9%), and in the complications category, “Diabetes can cause loss of feeling in my hands, fingers,
and feet” (94.9%). The lowest scoring questions were: “A person with diabetes should cleanse a cut with iodine and
alcohol” from intermediate nursing (9.2%), “Diabetes is caused by failure of the kidneys to keep sugar out of the urine”
from diabetes etiology and symptoms (14.8%), and “An insulin reaction is caused by too much food” (17.3%). Among
the five factors, the highest overall average correct response rate was in elementary nursing (95.4%), while the lowest
was in diabetes etiology and symptoms (27.3%).

The Diabetes Self-Care Behaviors Scale is organized into five categories: exercise self-care, dietary self-care,
medication and blood glucose monitoring self-care, foot care self-care, and prevention and management of hypo- and
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Table 1 Demographic Characteristics and Physiological Indicators of Participants (N=196)

Variable Number (%) | Variable Number (%)
Demographic Characteristics Demographic Characteristics
Age (M £ S.D) 59.19 £11.79 | Treatment Method
20-50 years 47(24.0) Dietary control 9(4.6)
51-64 years 70(35.7) Oral hypoglycemic agents 145(74.0)
65 years and above 79(40.3) Insulin injection or combined with oral medication 42(21.4)
Gender Annual Nutritional Consultation Frequency
Male 93(47.4) None 87(44.4)
Female 103(52.6) 1-3 times 32(16.3)
Marital status 4 or more times 77(39.3)
Single (including divorced, widowed, cohabiting, unmarried) 79(40.3) Smoking
Married 117(59.7) None 88(44.9)
Education level Yes 70(35.7)
Elementary or below 70(35.7) Former smoker, now quit 38(19.4)
Junior high school 34(17.3) Frequency of exercise
High school/vocational school 52(26.5) None 132(67.3)
College or above 40(20.4) 1-2 times per week 18(9.2)
Family history of diabetes 3 or more times per week 46(23.5)
None 72(36.7) Physiological Indicators
Yes 124(63.3) BMI
Duration of diabetes 18.5 < BMI < 24 (normal) 36(18.4)
5 years or less 72(36.7) 24 < BMI < 27 (overweight) 47(24.0)
6-10 years 45(23.0) 27 < BMI < 30 (mild obesity) 48(24.5)
11-15 years 34(17.3) BMI = 30 (moderate or above obesity) 65(33.1)
16 years or more 45(23.0) HbAlc
Diabetes complications <7% 78(39.8)
None 54(27.6) >7% 118(60.2)
Yes 142(72.4) Total Cholesterol
Cardiovascular disease 29(14.8) <200mg/dl 159(81.1)
Kidney disease 37(18.9) >200 mg/dl 37(18.9)
Neuropathy 61(31.1)
Eye disease 93(47.4)

Notes: The term “Single” under marital status includes divorced, widowed, cohabiting, and unmarried individuals.

hyperglycemia, totaling 26 items. On average, participants scored 71.40 (SD=17.48) in overall self-care. The highest
average score was in medication and blood glucose monitoring self-care, while the lowest was in exercise participation.

In terms of diabetes distress, the overall average total score was 33.20 (SD=12.91). The top three highest scoring
items were: “Worrying about the future and the possibility of serious complications?” with an average score of 2.96
(SD=1.22), “Not having clear and concrete goals for your diabetes care?” with 2.84 (SD=1.05), and “Feeling discouraged
with your diabetes treatment plan?” with 2.52 (SD=1.08). The lowest scoring items were: “Feeling unsatisfied with your
diabetes physician?” at 0.24 (SD=0.68), “Feeling that your friends and family are not supportive of your diabetes
management efforts?” at 0.43 (SD=0.78), and “Feeling alone with your diabetes?”” at 0.79 (SD=0.95).

The Role of Demographic Characteristics in Diabetes Knowledge, Diabetes Self-Care
Behaviors, and Diabetes Distress

For diabetes knowledge, a significant difference was found in relation to education level (F=3.15, p=0.026), with
participants who had a college education or higher scoring better than those with an elementary school education or

lower. No statistically significant differences were observed for other demographic characteristics.
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In terms of diabetes self-care behaviors, participants with an HbAlc level <7.0% scored higher than those with an
HbAlc >7.0% (t=2.01, p=0.040), and those with total cholesterol <200 mg/dl scored higher than those with total
cholesterol >200 mg/dl (t=2.09, p=0.038), both showing significant differences. The number of nutritional consultations
in a year also showed a significant difference in self-care scores (F=3.53, p=0.031), with participants who had four or
more consultations scoring better than those who had none. Smoking status was significantly associated with self-care
scores (F=5.18, p=0.006), with non-smokers scoring better than smokers. Additionally, exercise frequency showed
a significant difference (F=17.02, p<0.001), with those exercising three or more times per week scoring better than
those who did not exercise. BMI was also significantly related to self-care behavior scores (F=3.18, p=0.025), with
participants having a BMI of 24<BMI<27 (overweight) scoring higher than those with a BMI >30 (moderate obesity).

In the diabetes distress dimension, women had significantly higher distress scores than men (t=—2.19, p=0.030).
Participants with a family history of diabetes scored higher in distress than those without (t=—2.04, p=0.042), and those
with complications had higher distress scores than those without complications (t=—2.04, p=0.042). No statistically

significant differences were found for other variables (Table 2).

Table 2 Analysis of the Role of Demographic Characteristics in Diabetes Knowledge, Diabetes Self-Care Behaviors, and Diabetes
Distress (N=196)

Variable N Diabetes Knowledge Diabetes Self-Care Behaviors Diabetes Distress
Mean(SD) t/IF P Mean(SD) t/F P Mean(SD) t/IF P
Age
(® 20-50 years 47 11.89(2.36) 2.85 0.060 70.60(17.15) 0.19 0.822 33.30(12.23) 0.20 0.816
@ 51-64 years 70 11.30(2.25) 70.86(17.85) 32.46(13.50)
(3 65 years and above 79 10.95(1.89) 72.35(17.53) 33.81(12.91)
Gender
® Male 93 11.16(2.22) —0.85 0.392 70.43(17.16) | —0.73 0.462 31.56(13.17) | —2.19 | 0.030*
(@ Female 103 11.43(2.12) 72.27(17.81) 35.11(12.43)
Marital status
@ Single (including divorced, 79 11.25(2.10) —0.25 0.80 70.55(17.53) | —0.56 0.578 33.91(12.81) 0.63 0.530
widowed, cohabiting, unmarried)
@ Married 17 11.33(2.21) 71.97(17.51) 32.73(13.02)
Education level
( Elementary or below 70 10.77(1.77) 315 0.026* | 68.60(17.32) 0.97 0.490 35.74(12.17) 1.43 0.234
@ Junior high school 34 11.32(2.25) 73.55(18.10) 31.56(10.44)
(® High school/vocational school 52 11.42(2.36) 72.35(17.48) 31.61(15.33)
@® College or above 40 12.05(2.27) 73.23(17.27) 32.23(12.41)
Scheffé’s method @>®
Family history of diabetes
None 72 11.28+2.04 —0.11 0.909 72.14(17.54) 0.45 0.654 30.75(12.58) | —2.04 | 0.042*
Yes 124 11.31+2.24 70.97(17.51) 34.63(12.94)
Duration of diabetes
® 5 years or less 72 11.03(2.25) 251 0.059 70.68(15.53) 0.07 0.975 34.44(12.33) 1.12 0.341
@ 6-10 years 45 11.68(2.15) 71.97(20.83) 33.11(12.07)
® 11-15 years 34 11.94(2.13) 72.07(16.85) 29.68(13.32)
@ 16 years or more 45 10.86(1.93) 71.47(17.82) 33.98(14.23)
Diabetes complications
None 54 11.63(2.36) 1.31 0.191 73.62(18.52) 1.09 0.274 30.17(12.80) | —2.04 | 0.042*
Yes 142 11.18(2.08) 70.55(17.06) 34.36(12.81)
Treatment Method
(D Dietary control 9 10.78(1.92) 1.04 0.354 82.69(10.91) 221 0.113 30.67(11.78) 0.53 0.592
(@ Oral hypoglycemic agents 145 11.22(2.11) 71.30(17.74) 32.90(13.10)
® Insulin injection or 42 11.69(2.37) 69.30(17.12) 34.79(12.62)
combined with oral medication

(Continued)
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Table 2 (Continued).

Variable N Diabetes Knowledge Diabetes Self-Care Behaviors Diabetes Distress

Mean(SD) | ¢F P Mean(SD) | t/F P Mean(SD) | t/F P

Annual Nutritional Consultation Frequency

(® None 87 10.97(2.22) 236 0.096 67.99(15.43) 353 0.031* 34.60(14.23) 0.95 0.389
@ 1-3 times 32 1191 2.11) 71.61(17.19) 31.56(11.95)
(3 4 or more times 77 11.41(2.07) 75.16(19.15) 32.31(11.68)

Scheffé’s method ®>®

Smoking
( None 88 11.46(2.11) 0.46 0.627 74.66(18.12) 5.18 0.006** 33.43(12.71) 0.09 0914
@ Yes 70 11.19(2.18) 66.15(15.41) 32.69(13.40)
(3 Former smoker, now quit 38 11.13(2.28) 73.51(17.48) 33.63(12.78)

Scheffé’s method

Frequency of exercise

( None 132 11.23(2.13) 1.21 0.301 66.88(14.40) 17.02 <0.001*** | 32.56(12.85) 1.19 0.305
@ 1-2 times per week 18 12.06(2.26) 75.57(16.61) 31.50(12.31)
(® 3 or more times per week 46 11.22(2.22) 82.74(20.45) 35.28(13.27)

Scheffé’s method ®>®

BMI
® 18.5=BMI<24 36 11.27(2.13) 0.70 0.550 72.80(16.55) 3.18 0.025% 33.08(13.63) 0.19 0.904
@ 24=BMI<27 47 11.38(2.12) 76.98(18.54) 32.28(12.80)
(3® 27=BMI<30 48 10.93(2.00) 70.88(17.59) 34.27(11.02)
@® BMIZ30 65 11.52(2.33) 66.97(16.22) 33.15(14.07)

Scheffé’s method @>®

HbAlc
=7% 78 11.50(2.04) 1.04 0.290 74.47(16.81) 2.0l 0.046* 3227(13.13) | —0.82 0411
>7% 118 11.16(2.23) 69.37(17.69) 33.82(12.79)

Total Cholesterol
<200mg/dl 159 11.37(2.15) 0.93 0.349 72.65(17.59) 2.09 0.038* 32.55(13.18) | —1.47 0.144
2200mg/dI 37 11.00(2.21) 66.03(16.16) 36.00(11.45)

Notes:* P<0.05, ** P<0.01, **P<0.001, Statistical analysis (Two-sample t-test, One-way ANOVA and Scheffé’s method).

The Correlations Among Diabetes Knowledge, Diabetes Self-Care Behaviors, and
Diabetes Distress in Patients with Type 2 Diabetes Mellitus

Pearson’s correlation analysis revealed a significant positive correlation between diabetes knowledge and diabetes self-
care behaviors (r=0.31, p<0.001), indicating that better diabetes knowledge is associated with better self-care behaviors.
A significant negative correlation was found between diabetes knowledge and diabetes distress (r=—0.21, p<0.002),
suggesting that higher diabetes knowledge is associated with lower distress. Additionally, a significant negative correla-
tion was observed between diabetes self-care behaviors and diabetes distress (r=—0.25, p<0.001), indicating that better
self-care behaviors are associated with lower distress.

In summary, among T2DM patients, there is a significant positive correlation between diabetes knowledge and
diabetes self-care behaviors, and both diabetes knowledge and self-care behaviors are significantly negatively correlated
with diabetes distress (Table 3).

Predictive Factors of Psychological Distress in T2DM Patients

A multiple regression analysis was conducted to explore the significant predictors of psychological distress in T2DM
patients. The independent variables that showed a significant correlation with psychological distress were gender, family
history of diabetes, and diabetes complications. Since these are categorical variables, they were converted into dummy
variables before being entered into the regression analysis. Diabetes knowledge and self-care behaviors were also
included as independent variables, with diabetes distress as the dependent variable.
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Table 3 Analysis of the Correlations Among Diabetes Knowledge, Diabetes Self-Care
Behaviors, and Diabetes Distress in Patients With Type 2 Diabetes Mellitus

Variables Diabetes Diabetes Self-Care Diabetes

Knowledge Behaviors Distress

Diabetes Knowledge |

Diabetes Self-Care 0.310%#k |
Behaviors
Diabetes Distress —0.2 | 8¥+* —0.256%+* |

Notes: ***P<0.001, Statistical analysis (Pearson’s correlation analysis).

The results showed that: Diabetes knowledge (p=—0.046, p=0.029) and diabetes self-care behaviors (B=—0.186,
p=0.006) both significantly predicted diabetes distress; Gender (=0.251, p=0.004), family history of diabetes (p=0.213,
p=0.017), and diabetes complications (f=0.228, p=0.018) were also significant predictors of diabetes distress. Specifically,
higher diabetes knowledge scores were associated with lower levels of diabetes distress, suggesting that individuals with
greater knowledge about diabetes may feel more confident in managing their condition and, consequently, experience less
emotional burden. Conversely, lower diabetes knowledge scores were linked to higher diabetes distress, implying that
a lack of understanding may contribute to uncertainty and psychological stress. Similarly, higher diabetes self-care behavior
scores were associated with lower diabetes distress, indicating that individuals who actively engage in self-care practices,
such as medication adherence, regular exercise, and blood glucose monitoring, may feel more in control of their condition
and experience reduced emotional burden. In contrast, inadequate self-care behaviors were linked to higher diabetes
distress, suggesting that poor self-management may lead to feelings of helplessness and increased psychological stress.
Furthermore, gender differences were observed, with females being more likely to experience diabetes distress compared to
males, potentially due to differences in psychological coping mechanisms, emotional responses, and social expectations
related to health management. Regarding family history of diabetes, individuals with a family history were more likely to
report higher levels of diabetes distress than those without, possibly due to increased awareness of the disease’s long-term
impact and concerns about its progression. Lastly, diabetes complications were also a significant factor, as individuals with
complications experienced greater diabetes distress compared to those without, likely due to the added burden of managing
multiple health issues and the fear of further deterioration.

The overall F-test was significant (F=7.61, p<0.001), and the explanatory power of the regression model (R*=0.17)
was statistically significant. This suggests that approximately 17% of the variance in diabetes distress can be explained
by the independent variables included in the model, such as diabetes knowledge, diabetes self-care behaviors, gender,
family history of diabetes, and diabetes complications. While this indicates a moderate explanatory power, it also implies
that other unexamined factors may contribute to diabetes distress, highlighting the complexity of psychological and
behavioral influences on diabetes management. Nevertheless, these findings confirm that diabetes knowledge, diabetes
self-care behaviors, gender, family history of diabetes, and diabetes complications are important predictive factors for
diabetes distress in T2DM patients (Table 4).

Table 4 Regression Analysis of Diabetes Distress in Patients With Type 2 Diabetes Mellitus

Variables Unstandardized Regression Coefficient T P VIF
B Standard Error

Constant 2.009 0.305 6.598 | <0.00|***

Diabetes Knowledge —0.046 0.021 —2.207 0.029* 1.115
Diabetes Self-Care Behaviors —0.186 0.067 -2.761 0.006%* 1119
Gender (Female vs Male) 0.251 0.086 2.924 0.004** 1.014
Family history of diabetes (Yes vs No) 0.213 0.089 2.398 0.017* 1.010
Diabetes complications (Yes vs No) 0.228 0.095 2.387 0.018* 1.021

Notes: R?=0.192, ADJ(R?)=0.158, *P<0.05, **P<0.01, **P<0.001, Statistical analysis (Multiple regression analysis).
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Discussion

Two validated scales are used to assess diabetes distress: the Problem Areas in Diabetes Scale (PAID)® and the Diabetes
Distress Scale (DDS).>* These scales differ in their focus areas.** The PAID includes questions on emotional states,
anxiety symptoms, behavioral issues, and social interactions,® while the DDS focuses mainly on sleep problems,
emotional states, physical symptoms, appetite changes, concentration, self-worth, and interest in activities.*> The PAID
covers a broader range of emotional issues, whereas the DDS is more appropriate when investigating factors closely
related to diabetes self-management.'* The choice of scale should be based on the assessment goals and the specific
circumstances of the patient.

In the five categories of the DSC, the highest mean score (SD) was for medication and blood glucose monitoring self-
care (3.18+0.59), followed by hypoglycemia/hyperglycemia management (3.1+£0.84), foot care (2.84+0.88), dietary
control (2.74+0.85), and the lowest score was for exercise participation (1.9+1.17). This shows that while participants
adhered well to medication and blood glucose monitoring, they were less engaged in exercise, even though systematic
reviews and meta-analyses indicate that exercise is an effective non-pharmacological intervention for improving blood
glucose control in T2DM patients.*® This underscores the need to strengthen interventions related to exercise in diabetes
health education.

The PAID-C results showed that the highest distress levels were related to “Worrying about the future and the
possibility of serious complications?” followed by “Not having clear and concrete goals for your diabetes care?” This
correlates with the participants focus on complications in the knowledge dimension, but it also indicates that the lack of
clear goals for care was a significant source of distress. Taiwan’s diabetes care policies emphasize shared decision-
making between patients and healthcare providers, which is vital for reducing or delaying complications and maintaining
patient health. However, this study’s results suggest that healthcare providers need to review and adjust care plans,
ensuring comprehensive, patient-centered care that empowers patients to understand and achieve their care goals. This
will not only boost patient confidence in self-care but also improve healthcare professionals job satisfaction.

A significant difference was found in diabetes knowledge scores related to education level, with those having a higher
education performing better. This aligns with Chen CC et al (2020), who found that knowledge scores are related to
education level.*® Older patients and those with lower education levels often have misunderstandings about diabetes
management, requiring healthcare providers to communicate more effectively to help patients control their condition.
Various personal lifestyle habits such as the number of nutritional consultations, smoking, exercise, BMI, HbAlc, and
blood lipid levels were associated with Diabetes Self-Care Behaviors, suggesting a bidirectional relationship between
personal lifestyle habits and self-care behaviors, as well as a correlation between diabetes self-care behaviors and
diabetes distress.®

The PAID-C analysis showed that, although the number of male and female participants was similar, women
exhibited higher levels of diabetes distress. Gender was found to be a predictor of diabetes distress, consistent with
the findings of Perrin et al in a systematic review and meta-analysis.'* While gender roles in Taiwan are evolving towards
equality, the study area remains a traditional rural community where Female diabetes patients are generally more likely
than males to experience diabetes-related psychological distress, which may be related to social roles, family responsi-
bilities, and greater sensitivity to health issues. On the other hand, male patients may be less likely to express emotional
distress, leading to underassessment or inadequate management of their stress. Healthcare professionals should address
the psychological needs of patients of different genders by providing appropriate mental health support. Through early
screening and personalized health plans, the incidence of complications can be reduced, thereby alleviating patients
psychological distress. Regarding smoking, only 35.7% of participants were smokers, and the study results are consistent
with Kintzoglanaki’s findings, indicating no correlation between smoking and diabetes distress.’

71214 16 direct associa-

Although numerous studies have shown a relationship between diabetes distress and HbAlc,
tion was found in this study’s participants. The relationship between diabetes distress and HbAlc may differ across
populations and countries, making it difficult to clarify the physiological mechanisms through which diabetes distress
affects HbAlc The study results showed no significant association between age, marital status, education level, duration

of diabetes, treatment method, nutritional consultations, exercise, BMI, or total cholesterol, contrasting with other
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studies.>”?'%202* These differences may stem from regional variations or differing healthcare practices. Additionally,
some scholars have suggested that insulin use is associated with higher diabetes distress,” although others argue that
medication type does not impact self-care or distress levels in diabetes patients.’ In this study, no significant difference
was observed in treatment methods, as only 20.4% of participants used insulin or a combination of insulin and oral
medication, which may explain the lack of significant findings. Future studies could further investigate the relationship
between treatment type and diabetes distress using a more homogeneous sample.

Diabetes Self-Management Support (DSMS) has been shown to improve diabetes knowledge and reduce diabetes
distress.>” Although this study did not examine the impact of DSMS on diabetes distress, the results demonstrate
a significant correlation between diabetes knowledge and diabetes distress. These findings contrast with research
conducted in China, another Asian country.”' Higher diabetes knowledge is positively correlated with better self-care
behaviors,>> which was also observed in this study.” While Devarajooh (2017) reported no direct relationship between
diabetes self-care behaviors and diabetes distress,” this study identified a significant statistical relationship between
diabetes knowledge, self-care behaviors, and diabetes distress in the regression analysis. The predictive factors for
diabetes distress in T2DM patients include diabetes knowledge, diabetes self-care behaviors, gender, family history of
diabetes, and diabetes complications, accounting for 17% of the variance. These findings can provide valuable insights
for clinicians in identifying risk factors for diabetes distress and understanding the factors that influence diabetes distress
in T2DM patients.

Although Taiwan’s National Health Insurance (NHI) provides diabetes care and management programs, such as the
Diabetes Shared Care Network (DCMP), factors such as patient adherence, medical resource distribution, and regional
characteristics may affect the effectiveness of these policies. The study area is characterized by abundant medical
resources and a high elderly population. In the participant characteristics, most had only completed elementary education
and attended annual nutrition counseling. However, the majority did not engage in physical activity and had diabetes
complications, poor HbAlc control, and an excessively high BMI. Despite all participants having equal access to
healthcare services, this study has three limitations. First, the sample was limited to one regional hospital in Taiwan,
and further validation is needed in different populations or countries to generalize the results. Second, participation was
voluntary, which may limit the generalizability of the findings. Third, the study utilized a survey method, which cannot
establish causal relationships. Since diabetes distress is largely a subjective experience, future studies should consider
employing qualitative research methods to explore this issue in greater depth.

Conclusions

This study utilized the Diabetes Knowledge Questionnaire, Diabetes Self-Care Behaviors Scale, and the Chinese Version
of the Problem Area in Diabetes to explore the significant correlations between demographic characteristics, diabetes
knowledge, self-care behaviors, and diabetes distress in T2DM patients. Based on our findings, healthcare professionals
should reduce diabetes distress by enhancing self-care behaviors in diabetes patients. This can be achieved by providing
personalized diabetes education to stimulate patients intrinsic motivation, collaboratively setting feasible health goals,
and offering positive reinforcement to strengthen their engagement and commitment. Ensuring that patients adhere to
self-care practices can lead to better blood glucose control, a lower risk of complications, and reduced psychological
stress and diabetes distress. It is necessary to incorporate the assessment and management of diabetes distress into routine
diabetes care. Screening for related distress should be provided even during the health promotion stage. It is crucial to
strengthen healthcare professionals ability to identify diabetes distress early through risk factors, in order to offer
personalized interventions and care plans tailored to T2DM patients. Furthermore, healthcare professionals must ensure
that the health education they provide does not increase patients frustration with self-care. Instead, a problem-oriented
approach should be adopted to enhance patients self-care abilities.

Abbreviations
T2DM, Type 2 diabetes patient; DKQ, Diabetes Knowledge Questionnaire; DSC, Diabetes self-care scale; PAID,
Chinese Version of the Problem Area in Diabetes; DD, diabetes distress.
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