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Background and Objective: Type 1 diabetes (T1D) remains one of the most important global public 
health burdens, particularly for adolescents. The successful management of T1D is dependent on 
several factors, one of which is adherence to prescribed medications (in addition to health literacy 
(HL) and mental health), areas that are significantly underexplored in Iranian adolescents.  

Material and Methods: This cross-sectional study was conducted from December 2023 to May 
2024 in Tehran, Iran. Using convenience sampling, 379 literate adolescents aged 10–18 years with 
type 1 diabetes (without psychiatric disorders or related medications) were recruited through 
diabetes associations, pediatric endocrinologists, diabetologists, social media groups, online 
channels, physician referrals, and diabetes organizations. Data were collected via a web-based 
questionnaire using validated Persian versions of the following instruments: the 8-item Morisky 
Medication Adherence Scale (MMAS-8) for medication adherence, the Health Literacy Measure 
for Adolescents (HELMA) for health literacy, and the 12-item General Health Questionnaire (GHQ-
12) for mental health. 

Results: Adolescents with comorbidities showed higher medication adherence. Higher health 
literacy was significantly associated with better adherence (B = 0.012, OR = 1.012, P = 0.001). Use 
of insulin pens (P = 0.001) and experiencing medication side effects (P = 0.014) were also linked 
to improved adherence. GHQ-12 scores indicated that better mental health (P = 0.012), presence 
of positive mental health symptoms (P = 0.001), and fewer symptoms of mental disorders (P = 
0.002) correlated with higher adherence, although mental health variables did not remain 
significant in stepwise logistic regression. Demographic factors (age, sex, parental education, 
income), diabetes duration, and insulin injection frequency showed no association with 
nonadherence (all P > 0.05). 

Conclusion: In Iranian adolescents with T1D, higher health literacy and certain clinical factors 
(comorbidities and insulin pen use) were significantly associated with better medication 
adherence. These findings highlight the need for targeted interventions, including educational 
programs to enhance health literacy, routine mental health screening and support, and improved 
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access to user-friendly insulin delivery devices (e.g., pens), which could be integrated into clinical 
practice and health policy in Iran. 
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Introduction 
Diabetes ranks among the most serious global public health challenges, placing a heavy medical 

burden on the health system and restraining socioeconomic development (1). The WHO report 

in 2019 also characterizes diabetes as one of the ten leading causes of death worldwide (2). There 

are an estimated 8.4 million individuals with T1D globally, including 1.5 million children and youth 

(ages 0–20) (18% of all living with T1D) 5 who have had T1D for 15 years or longer (3). Due to a 

report by the International Diabetes Federation (IDF), published in 2021, 8.2 per 1000 Iranians 

under the age of 19 years have T1D (4). The rising pattern of T1D among adolescents and young 

adults has become a major global healthcare challenge because of the chronicity of the disease 
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and long-term complications, including renal failure, cardiovascular issues, and neuropathy, 

which require effective management to boost well-being and the quality of life and decrease 

mortality (5). The increasing rates of T1D in children and young adults underscore the importance 

of minimizing obstacles to quality care in this age group, particularly in low-resource settings.  

Medication adherence, which refers to the degree to which a patient follows agreed-upon 

treatment recommendations, is a crucial factor influencing treatment response and patient 

outcomes. Adherence is a complex, multifactorial phenomenon that varies with the disease and 

therapy, as well as with physician- and patient-related factors such as the quality of the 

interaction, the complexity of the therapy, and patient motivation. Children and adolescents with 

T1D frequently do not take their insulin as prescribed; 48% of them do not take their medication 

as prescribed because of poor caregiver supervision and a lack of knowledge about diabetes (6). 

Nonadherence, common in chronic conditions, affects individuals by worsening complications, 

increasing side effects, and reducing quality of life. It also burdens families and society through 

frequent hospitalizations, prolonged stays, and lost productivity (7, 8). Such consequences 

underscore the importance of targeted interventions to increase adherence and minimize their 

far-reaching effects, which include decreasing medical expenditures and improving patients’ 

well-being (9). 

Depression, anxiety, and psychological stress can make children and adolescents with T1D 

struggle with functioning and their quality of life (10). This is especially true for adolescents with 

T1D, who have reported prevalence rates of anxiety and depression in the range of 20%, which 

negatively affects their endurance in commitment and their ability to maintain self-care and 

other complex aspects of disease management. When anxiety is prevalent, adolescents with T1D 

often struggle with disease management and glycemic control, resulting in diminished self-care 

practices, including insulin injection and blood glucose testing (11, 12). Health literacy (HL) is the 

ability to acquire, process, and comprehend health data and services for making appropriate 

decisions. Limited HL is related to negative self-management and greater psychological distress 

in adolescents with nonadherence (13). Poor HL limits the capacity to seek, comprehend, analyze, 

and develop health-related information, leading to poor decision-making, sometimes resulting in 

misunderstandings about care protocols and poor disease control(14). It also decreases the 

ability and skills regarding following healthy behaviors, which may lead to poor mental health, as 

adolescents are unable to address the requirements of the disease (15). Moreover, adolescents 

with lower health literacy report more psychological distress, further complicating and 

compromising their ability to adhere to demanding treatments (16). Higher health literacy in 

adolescents with T2D has been shown to promote better self-care (17) and benefits in increasing 



 

 
 

awareness and understanding of T1D, especially for insulin therapy and dietary management 

(18).  

In addition to health literacy and mental health, clinical factors such as comorbid conditions, 

medication side effects (19), and the method of insulin administration (pen vs. vial) may also 

influence adherence (20), particularly within the Iranian context, where access to more 

convenient delivery devices can be limited. A clear rationale for examining the role of insurance 

and financial factors in medication adherence is warranted. Evidence from a recent systematic 

review indicates that “individuals’ insurance status” is one of the socioeconomic factors most 

frequently associated with antidiabetic medication adherence (21). Similarly, findings from a 

cross-sectional study in Iran demonstrate that income is a significant predictor of treatment 

adherence, with higher income levels associated with markedly better adherence (22) . 

Moreover, U.S. data show that “lack of insurance, low income, and financial hardship from 

medical bills” are independently associated with cost-related medication nonadherence among 

adults with diabetes (23). Together, these studies highlight the importance of considering 

insurance coverage and financial status when investigating factors influencing adherence to 

diabetes medications, providing a strong justification for their inclusion in the present study on 

Iranian adolescents with type 1 diabetes. 

Growing evidence shows that medication adherence in adolescents—particularly those 

managing chronic conditions such as diabetes—is strongly shaped by mental health and health-

literacy–related factors, as studies highlight the role of adolescents’ subjective treatment 

attitudes in determining adherence (24), widespread deficits in mental health literacy and high 

stigma that can hinder help-seeking in low- and middle-income settings (25), and the positive 

impact of school-based mental health literacy interventions (26). Research in diabetes 

populations further demonstrates that health literacy plays a meaningful role in diabetes 

treatment adherence (27), medication self-efficacy contributes to both adherence and glycemic 

outcomes (28), and cognitive challenges such as learning disabilities can impair adolescents’ 

ability to follow diabetes medication regimens, independent of their health literacy level (29). 

Despite global evidence linking health literacy, mental health, and medication adherence in 

adolescents with T1D, studies in Iran are scarce. Few have examined these factors together in 

this population, particularly in resource-limited settings like Tehran. This gap limits the 

development of culturally tailored interventions. The present study addresses this important gap 

by investigating the associations between health literacy, mental health, and medication 

adherence in Iranian adolescents with T1D. It provides preliminary evidence to guide targeted 

educational, psychological, and clinical strategies in Iran. 



 

 
 

Materials and Methods 
Study Design and Participants 

This cross-sectional study sought to examine medication adherence, health literacy, and mental 

health among Iranian adolescents with T1D. Participants were literate adolescents aged 10–18 

years with type 1 diabetes (T1D), free from psychiatric disorders and not receiving psychiatric 

medication. The age range was applied as an inclusion criterion during recruitment to align with 

the adolescent developmental stage and study objectives focused on this age group. 

Convenience sampling was employed. Recruitment occurred through multiple channels: social 

media platforms (online channels and groups for T1D families), physician referrals, and diabetes 

scientific organizations. 

A web-based questionnaire, including both numeric and descriptive questions, was employed to 

gather data via social media platforms (online channels and groups), online sources, physician 

referrals, and diabetes scientific organizations. Each participant completed the questionnaire 

once collected between December 2023 and May 2024. The sample size of 379 was calculated 

using Cochran's formula for cross-sectional studies estimating proportions in an infinite 

population: n = (Z² × p × (1-p)) / d², where Z = 1.96 (for 95% confidence level), p = 0.50 (assumed 

maximum variability/prevalence for conservative estimate, as no prior adherence rate was 

available for Iranian T1D adolescents), and d = 0.05 (margin of error 5%). This yielded a minimum 

sample of approximately 385, adjusted slightly downward after accounting for feasibility. 

Study Tools 
The participants completed a four-part questionnaire. The first section pertained to 

sociodemographic (age, sex, education, parents’ employment, family income, insurance status) 

and disease-related data (time since diagnosis of DM, brand and name of insulin, frequency of 

insulin shots, complications associated with treatment activities (such as Hypoglycemia), and 

comorbid diseases).  

The second stage employed the validated 12-item General Health Questionnaire (GHQ-12), a 

popular self-assessment tool designed to screen for nonpsychotic psychological morbidity in 

community populations. It evaluates recent symptoms or behaviors on a 4-point Likert scale and 

provides a total score between 0 and 12. A higher value indicates greater severity of mental 

health symptoms, and a score of ≥3 was used to detect common mental disorders. In addition, 

the Persian validated version of this tool was used in this study (30, 31). 

The third section used the Persian version of the 8-item Morisky Medication Adherence Scale 

(MMAS-8), a validated self-reported survey tool for evaluating medication adherence in 



 

 
 

individuals with chronic conditions, such as diabetes. The Persian version employed in this study 

is supported by published psychometric evaluations conducted among Iranian diabetic adults, 

demonstrating acceptable reliability and validity, including Cronbach’s alpha values of 0.75–0.83 

and intraclass correlation coefficients of 0.87–0.88 (32, 33).  The MMAS-8 consists of seven yes–

no items and one 5-point Likert item assessing participants’ medication-taking behavior. The 

scoring system ranges from 0 to 8; a score of 8 indicates high adherence, scores of 6–7 indicate 

moderate adherence, and scores <6 indicate low adherence(34). 

The last section used the Health Literacy Measure for Adolescents (HELMA) includes 44-item port 

of entry is scoped in eight health literacy domains: access (5 items), reading (5 items), 

comprehension (10 items), evaluation (5 items), use (4 items), communication (8 items), self-

efficacy (4 items), and computation (3 items) (35). Respondents assessed items on a 5-point Likert 

scale (never to always = 5); three items were reverse-scored. Total scores range from 0-100: 

inadequate (0-50), less adequate (50.1--66), desirable (66.1--84), and excellent (84.1--100). The 

HELMA has acceptable reliability (Cronbach’s alpha >=.70) and validity (face validity, content 

validity, and construct validity). Although HELMA was originally validated for adolescents aged 

15–18 years, its content reflects general health-literacy competencies relevant across early to 

late adolescence; therefore, with researcher-assisted administration for younger participants, its 

use in the 10–18 age range is methodologically justified. 

Data collection and analysis 
The analysis was performed with SPSS 26. Continuous variables (e.g., age, duration of diabetes, 

frequency of daily insulin intake) are presented as the means ± standard deviations and ranges. 

Categorical data (for example, sex, parents’ education, employment status, insurance coverage, 

and drug side effects) are presented as numbers (%). Differences between adherents were 

assessed with the chi-square test and/or Fisher’s test for categorical variables (such as 

demographic characteristics, insurance status, comorbidities, drug side effects, and type of route 

of drug administration). Univariate comparisons between quantitative variables (i.e., duration of 

diabetes, number of insulin injections, health literacy, mental health scores) were done using 

one-way ANOVA and Tukey’s post hoc test for medication adherence. The relationship between 

independent variables (i.e., health literacy, mental health, and their components) and medication 

adherence was examined using the cumulative logistic regression method, expressed as odds 

ratios (ORs) with 95% confidence intervals (CIs). The normality of the quantitative variables was 

tested with the Shapiro‒Wilk test and skewness/kurtosis ratios (P > 0.05). Levene’s test was used 

to test variance homogeneity (P > 0.05). A value of 0.05 was considered statistically significant. 

Ethical considerations 



 

 
 

The study was conducted under the ethical code IR.IAU.PS.REC.1402.268. For participants under 

15 years of age, written informed consent was obtained from their parents or legal guardians. 

Additionally, all adolescents, including those under 15, provided written assent to confirm their 

voluntary participation and understanding of the study procedures. Data confidentiality was 

strictly maintained throughout the study. 

Results 
Demographic and descriptive data 

This study included 379 adolescents with T1D (57% female, 43% male), aged 10–18 years (M = 

14.25, SD = 2.84), with 54.4% aged 10–14 and 45.6% aged 15–19, alongside their parents.  

Patterns of medication adherence across varying levels of health literacy, mental health status, 

and demographic characteristics are summarized below, with key associations detailed in Table 

1 . Table 1 shows the relationships between the demographic characteristics of the adolescents 

and their parents with drug compliance. 

 

Table 1. Relationships between Medication Adherence and Demographic Characteristics (n=379) 

Variable level 

Medication adherence 

Statistic 
P 

value 
Low (n=20) Moderate (n=169) High (n=190) 

n (%) n (%) n (%) 

Age group 
(years) 

10-14 11 (3.5) 98 (47.6) 97 (47.1) 
1.738ns (A) 0.419 

15-18 9 (5.2) 71 (41.0) 93 (53.8) 

Gender 
Female 11 (5.1) 90 (41.7) 115 (53.2) 

1.964ns (A) 0.375 
Male 9 (5.5) 79 (48.5) 75 (46.0) 

Father's 
education level 

Primary 9 (6.5) 64 (46.4) 65 (47.1) 

10.068ns (B) 0.220 

Diploma 7 (5.3) 70 (52.6) 56 (42.1) 

Bachelor's degree 1 (1.9) 24 (46.2) 27 (51.9) 

Master's degree 2 (9.1) 10 (45.5) 10 (45.5) 

PhD and above 1 (14.3) 1 (14.3) 5 (71.4) 

Father's job 

Employee 6 (6.0) 47 (47.0) 47 (47.0) 

9.228ns (B) 0.450 

Business 9 (4.7) 85 (44.3) 98 (51.0) 

Retired 1 (3.0) 14 (42.4) 18 (54.5) 

Worker 2 (6.3) 14 (43.8) 16 (50.0) 

Unemployed 2 (25.0) 5 (62.5) 1 (12.5) 

Deceased 0 (0.0) 4 (40.0) 6 (60.0) 

Mother's 
education level 

Primary 6 (7.3) 31 (37.8) 45 (54.9) 

6.698ns (B) 0.535 

Diploma 10 (5.4) 80 (43.2) 95 (51.4) 

Bachelor's degree 3 (3.7) 46 (56.8) 32 (39.5) 

Master's degree 0 (0.0) 10 (50.0) 10 (50.0) 

PhD and above 1 (20.0) 2 (40.0) 2 (40.0) 

Mother's job 
Housewife 18 (5.7) 138 (43.7) 158 (50.0) 

2.589ns (B) 0.620 
Employee 0 (0.0) 14 (43.8) 18 (56.3) 



 

 
 

Business 2 (6.1) 17 (51.5) 14 (42.4) 

Monthly family 
income 
(Million 
Tomans) 

Less than 5 2 (5.9) 14 (41.2) 18 (52.9) 

5.724ns (B) 0.676 

5-10 7 (5.4) 54 (41.5) 69 (53.1) 

10-15 5 (5.6) 44 (49.4) 40 (44.9) 

15-20 3 (4.2) 29 (40.8) 39 (54.9) 

More than 20 3 (6.0) 28 (56.0) 19 (38.0) 
(A) Chi-square statistic, (B) Fisher’s exact test, ns: nonsignificant 

Chi-square and Fisher's exact tests showed no significant associations between medication 

adherence and demographic factors (all P>0.05). For example: age group (χ²=1.738, df=2, P= 

.419), gender (χ²=1.964, df=1, P=0.375), father's education level (χ²=10.068, df=8, P=0.220), and 

family income (χ²=5.724, df=6, P=0.676). Similar non-significant results were observed for 

parental employment and mother's education (all P>0.05; Table 1). Adherence levels (low, 

moderate, high) were similarly distributed across groups, with 5% of women and men exhibiting 

low adherence, 47% of women and 48% of men showing moderate adherence, and 53% of 

women and 46% of men demonstrating high adherence (P=0.375). No other demographic 

variables significantly influenced medication adherence. Descriptive analysis showed that 

adolescents with low, moderate, and high medication adherence did not differ significantly 

across adherence groups (14.15 ± 2.83, 14.14 ± 2.86, and 14.35 ± 2.83 years, respectively). One-

way ANOVA indicated no statistically marked differences in mean age across adherence groups 

(P=0.783), suggesting age does not influence adherence. Many participants reported adverse 

drug events, but their impact on treatment compliance was not statistically analyzed, warranting 

further investigation in future studies. 

Factors Related to Medication Adherence 
We investigated the relationship between medication adherence in adolescents with T1D and 

factors including insurance status, comorbidities, medication side effects, and insulin dosage 

form, with results detailed in Table 2. 

Table 2. Relationships between Medication Adherence and Insurance Status, Comorbidities, Side Effects, and Insulin Dosage 
Forms (n=379) 

Variable level 

Medication adherence 
Chi-

Square 
P 

value 
Low (n=20) Moderate(n=169) High (n=190) 

N (%) N (%) N (%) 

Under insurance coverage 
Yes 18 (4.8) 153 (40.4) 161 (42.5) 

2.878ns 0.237 
No 2 (4.3) 16 (34.0) 29 (61.7) 

Covered by supplementary insurance 
Yes 6 (4.8) 58 (46.8) 55 (44.4) 

1.218ns 0.544 
No 14 (5.3) 111 (42.2) 135 (51.3) 

Having a disease other than diabetes 
Yes 5 (7.7) 19 (29.2) 41 (63.1) 

7.641* 0.022 
No 15 (4.8) 150 (47.8) 149 (47.5) 

Experiencing medication side effects Yes 12 (3.8) 140 (44.4) 163 (51.7) 8.591* 0.014 



 

 
 

No 8 (12.5) 29 (45.3) 27 (42.2) 

The dosage form of insulin used 
Pen 17 (4.6) 168 (45.2) 180 (48.4) 

13.073** 0.001 
Vial 3 (21.4) 1 (7.1) 10 (71.4) 

Chi-square statistic: * significant at the 0.05 level, ** significant at the 0.01 level, ns nonsignificant 

Insurance Status  
Chi-square tests showed no significant association between medication adherence and insurance 

status (P=0.237 for general insurance; P=0.544 for complementary insurance). Adherence levels 

were similar across insured (4.8% low, 40.4% moderate, 42.5% high) and uninsured (4.3% low, 

34.0% moderate, 61.7% high) adolescents, indicating insurance status does not significantly 

affect adherence. 

Comorbidities 
A significant association was found between comorbidities and medication adherence (P=0.022). 

Adolescents with comorbidities exhibited higher adherence (63.1%) compared to those without 

(47.5%). Women with comorbidities showed lower moderate adherence (29.2%) than those 

without (47.8%), suggesting comorbidities may enhance adherence due to increased health 

awareness. 

Medication Side Effects 
A significant relationship was observed between medication side effects and adherence 

(P=0.014). Adolescents experiencing side effects (e.g., hypoglycemia) had lower poor adherence 

(3.8%) compared to those without (12.5%), and higher adherence (51.7% vs. 42.2%), indicating 

side effects may be associated with higher adherence. 

Insulin Dosage Form 
Insulin dosage form was significantly associated with adherence (P=0.001).  Use of an insulin pen 

was significantly associated with adherence (χ²=13.073, df =2, P=0.001). High adherence was 

48.4% in pen users (n=365) versus 71.4% in vial users (n=14), although the small vial group limits 

interpretation. Only 7.1% of vial users had moderate adherence compared to 45.2% of pen users, 

suggesting insulin pens may improve adherence due to ease of use. 

Relationships among Medication Adherence, Diabetes Duration, and Insulin Injection 

Frequency 

The following analysis evaluated the associations between medication adherence and diabetes 

duration, and daily insulin injection frequency among adolescents with T1D in Tehran in 2024, as 

presented in Table 3, to determine their impact on adherence levels. 



 

 
 

Table 3. The connections between medication adherence in adolescents with T1D and factors such as 
diabetes duration and daily insulin doses (n=379) 

Variable 

Medication adherence 

F 
P 

value 
Low (n = 20) Moderate (n = 169) High (n = 190) 

Mean ± SD Mean ± SD Mean ± SD 

Duration of diabetes (years) 6.28 ± 4.31 5.12 ± 4.00 5.79 ± 3.65 1.802ns 0.166 

Number of times insulin is taken per day 3.30 ± 1.81 3.36 ± 1.90 3.92 ± 2.08 1.851ns 0.152 
F Statistics: ns nonsignificant 

 One-way ANOVA revealed no significant differences in diabetes duration across medication 

adherence groups (F=1.802, P=0.166). Mean diabetes duration was 6.28 ± 4.31 years for low 

adherence, 5.12 ± 4.00 years for moderate adherence, and 5.79 ± 3.65 years for high adherence, 

indicating that time since diabetes diagnosis does not significantly affect adherence. 

Similarly, no significant link was found between insulin injection frequency and medication 

adherence (F=1.851, P=0.152). The average number of daily injections was 3.30 ± 1.81 for low 

adherence, 3.36 ± 1.90 for moderate adherence, and 3.92 ± 2.08 for high adherence, suggesting 

that injection frequency does not significantly influence adherence levels. 

Relationships among Medication Adherence, Health Literacy, and Mental Health in 
Adolescents 

Table 4 shows the relationships between medication adherence and mental health, health 

literacy, and its components among adolescents with T1D in Tehran. 

Table 4. Relationships among Medication Adherence, Health Literacy, and Mental Health Components (n=379) 

Variable 

Medication adherence 

F value 
P 

value 
Low (n = 20) Moderate (n = 169) High (n = 190) 

Mean ± SD Mean ± SD Mean ± SD 

Health literacy score 146.01 ± 31.69 157.02 ± 28.66 161.21 ± 30.49 6.905** 0.001 

Mental health score 12.17 ± 4.31 12.14 ± 3.76 10.16 ± 3.47 5.219* 0.012 

Positive mental health 
symptom score 

7.28 ± 2.30 6.10 ± 2.60 6.00 ± 2.91 7.789** 0.001 

Mental disorder 
symptom score 

5.90 ± 4.21 4.84 ± 3.77 3.16 ± 2.27 6.118** 0.002 

F statistic, * Significant at the 0.05 level, ** Significant at the 0.01 level 



 

 
 

One-way ANOVA indicated a significant association between health literacy and medication 

adherence (F=6.905, P=0.001). Adolescents with high adherence exhibited a higher mean health 

literacy score (161.21 ± 30.49) compared to those with moderate (157.02 ± 28.66) or low 

adherence (146.01 ± 31.69), suggesting that greater health literacy is associated with improved 

adherence. 

A significant relationship was observed between mental health scores and medication adherence 

(F=5.219, P=0.012). Adolescents with high adherence had a lower mean mental health score 

(10.16 ± 3.47), indicating fewer mental health symptoms, compared to those with moderate 

(12.14 ± 3.76) or low adherence (12.17 ± 4.31), highlighting that better mental health correlates 

with higher adherence. 

A significant association was found between positive mental health symptoms and adherence 

(F=7.789, P=0.001). Adolescents with low adherence had a higher mean positive symptom score 

(7.28 ± 2.30) compared to those with moderate (6.10 ± 2.60) or high adherence (6.00 ± 2.91), 

indicating that fewer positive symptoms are linked to greater adherence. 

A significant difference was observed between mental disorder symptom scores and adherence 

(F=6.118, P=0.002). Adolescents with high adherence showed a lower mean symptom score (3.16 

± 2.27) compared to those with moderate (4.84 ± 3.77) or low adherence (5.90 ± 4.21), suggesting 

that fewer mental disorder symptoms are associated with better adherence. 

Differences in Health Literacy and Mental Health Scores across Medication Adherence 
Groups 

Table 5 presents the results of Tukey's multiple comparisons test, which examines significant 

differences in mean health literacy, mental health, and mental health component scores across 

low, moderate, and high medication adherence groups among adolescents with T1D in Tehran in 

2024. 

Table 5. Comparison of Mean Health Literacy, Mental Health, and Component Scores across Medication 
Adherence Groups (n=379) 

Variable 
Low vs. Moderate Low vs. High Moderate vs. High 

Mean Diff. (P value) Mean Diff. (P value) Mean Diff. (P value) 

Health literacy score -11.013* (P = 0.038) -15.205** (P = 0.001) -4.193ns (P = 0.568) 

Mental health score 0.031ns (P = 0.943) 2.015* (P = 0.039) 1.984* (P = 0.043) 

Positive mental health symptom score 1.174** (P < 0.001) 1.283** (P < 0.001) 0.101ns (P = 0.614) 

Mental disorder symptom score 1.055* (P = 0.012) 2.737** (P = 0.004) 1.682ns (P = 0.079) 
Mean difference: * Significant at the 0.05 level, ** significant at the 0.01 level, ns nonsignificant 



 

 
 

Tukey's test identified significant differences in health literacy scores, with the low-adherence 

group showing a lower mean score compared to the moderate (mean difference=-11.013, 

P=0.038) and high-adherence groups (mean difference = -15.205, P = 0.001), but no difference 

between moderate and high-adherence groups (P=0.568), indicating lower health literacy is 

associated with reduced adherence. 

Significant differences were observed in mental health scores, with low (mean difference=2.015, 

P=0.039) and moderate-adherence groups (mean difference=1.984, P=0.043) exhibiting higher 

scores (more symptoms) compared to the high-adherence group, while no difference was found 

between low and moderate groups (P=0.943), suggesting better mental health correlates with 

higher adherence. 

Low-adherence adolescents had significantly higher positive mental health symptom scores than 

moderate (mean difference=1.174, P<0.001) and high-adherence groups (mean 

difference=1.283, P<0.001), with no marked difference between moderate and high-adherence 

groups (P=0.614), indicating that higher positive symptom scores are linked to lower adherence. 

Mental disorder symptom scores differed significantly, with the low-adherence group showing 

higher scores than the moderate (mean difference=1.055, P=0.012) and high-adherence groups 

(mean difference=2.737, P=0.004), and no noticeable difference between moderate and high-

adherence groups (P=0.079), suggesting fewer mental disorder symptoms are associated with 

higher adherence. 

Predictors of medication adherence: health literacy, mental health, and clinical factors 

The next step is to carry out a cumulative logistic regression analysis in which the health literacy, 

mental health, and clinical factor intensities of the drug (low/moderate/high) in adolescents with 

T1D in Tehran in 2024 will help clarify some of the strengths and directions of health literacy, 

mental health, and clinical factors related to medication adherence (Tables 6, 7 and 8) among 

adolescents with T1D in Tehran in 2024 and identify the key predictor parameters of adherence. 

 

Table 6. Omnibus tests of the model coefficient 

 Chi-square df Sig. 

Step 1 

Step 14.009 2 0.001 

Block 14.009 2 0.001 

Model 14.009 2 0.001 

 

Table 7. Classification table 

Observed 
Predicted Percentage 

Correct Low Adherence Moderate or High Adherence 

Step 1    



 

 
 

Low Adherence 109 82 57.1 

Moderate or High Adherence 81 107 56.9 

Overall Percentage   57 

 

Table 8. Impact of Health Literacy, Mental Health, and Its Components on Medication Adherence 

Variable B S.E. Wald df EXP(B) 95% Confidence Interval P value 

Case 'a' 

Health literacy score .013 0.004 12.994** 1 1.013 1.006 – 1.020 0.001 

Mental health score -.021 .026 0.644ns 1 0.979 0.930 – 1.031 0.422 

Constant -1.698 0.613 7.663** 1 0.183 --- 0.006 

Case 'b' 

Health literacy score 0.009 0.004 5.241* 1 1.009 1.001 – 1.016 0.022 

Positive mental health symptom score 0.109 0.049 4.881ns 1 0.815 0.792 – 1.055 0.097 

Mental disorder symptom score -0.051 0.028 2.234ns 1 0.951 0.899 – 1.005 0.072 

Constant -1.797 0.628 8.180** 1 0.166 --- 0.004 

Case 'c' 

Health literacy score 0.012 0.004 11.781** 1 1.012 1.005 – 1.019 0.001 

Mental health score -0.022 0.027 0.699ns 1 0.978 0.928 – 1.030 0.403 

Having a disease other than diabetes 0.618 0.287 4.649* 1 1.855 1.058 – 3.252 0.031* 

Experiencing medication side effects 0.389 0.289 1.900ns 1 1.489 0.845 – 2.622 0.168 

Dosage form of insulin used (vial vs. pen) 0.882 0.621 2.016ns 1 2.417 0.715 – 8.169 0.156 

Constant -4.060 1.069 14.439** 1 0.017 ---- 0.000 
Wald statistics: * Significant at the 0.05 level, ** Significant at the 0.01 level, ns not significant 



 

 
 

Model performance 

The omnibus test of the model coefficient (chi-square = 14.009, P = 0.001) found good 

performance of cumulative logistic regression model in predicting medication adherence using 

health literacy, mental health, and clinical factors. The classification table demonstrated the 

model classified 57% of respondents correctly, 57.1% of respondents with low adherence and 

56.9% respondents with moderate or high adherence. 

Case 'a': Health literacy and mental health scores 

Results from the first model based purely on health literacy and mental health scores show that 

health literacy had a significant effect using logistic regression (B = 0.013, EXP(B) = 1.013, P = 

0.001). That is, for every one-point increase in health literacy score, there is a 1.3 percent increase 

in being in the high medication adherence category. On the other hand, mental health score had 

no statistically significant effect (P = 0.422), revealing that health literacy is a better predictor of 

medication adherence. 

Case 'b': Health literacy and mental health components 

When the second model was tested with both health literacy and mental health—a measure 

made up of positive mental health and symptom scores—health literacy was still an important 

determinant of adherence (B=0.009, EXP(B)=1.009, P=0.022), suggesting that an additional one-

point increase in health literacy would add approximately 0.9% to the probability of high 

adherence. Neither the positive mental health symptom score (P=0.097) nor the symptom score 

of mental disorder demonstrated a significant relationship to adherence (P=0.072). 

Case 'c': Comprehensive Model 
The comprehensive model, which accounted for health literacy, mental health score, 

comorbidities, medication side effects, and insulin dosage form, also supported the findings that 

health literacy significantly predicted adherence (B=0.012, EXP(B)=1.012, P=0.001), with 1.2% 

increased odds of high adherence for every one-point score increase. Comorbid adolescents were 

significantly more likely to report higher adherence (B=0.618, EXP(B)=1.855, P=0.031), with 

85.5% higher odds. There was no effect of mental health score (P = 0.403), medication side effects 

(P=0.168), or insulin delivery device (vial vs pen, P=0.156) on adherence. 

Discussion 
This cross-sectional study of 379 adolescents with type 1 diabetes in Tehran, Iran, found 

significant associations of medication adherence with health literacy, mental health, 

comorbidities, medication side effects, and insulin delivery method, but not with demographics, 

diabetes duration, or injection frequency (5, 36). In multivariate analyses, health literacy 

remained the strongest independent predictor, with higher scores linked to greater odds of high 

adherence, while comorbidities also independently predicted higher adherence; mental health, 



 

 
 

side effects, and insulin pen use showed bivariate significance but attenuated after adjustment, 

highlighting health literacy's mediating potential (37, 38) . Overall adherence was notably 

favorable, with only 5.3% low adherence, contrasting typical reports of suboptimal adherence in 

youth with T1D and suggesting protective urban/family factors in this context (39).   

These results highlight health literacy's central role in overriding other influences in this urban 

Iranian sample, as it likely mediates indirect effects from mental health and clinical factors, 

enabling adolescents to better navigate complex regimens despite developmental challenges 

(40). Health literacy emerged as the strongest predictor of medication adherence across all 

statistical models (41), with higher health literacy levels significantly enhancing adherence, 

underscoring the role of health knowledge in effective self-management behavior (42). This 

robust association suggests that health literacy equips adolescents to navigate complex regimens 

amid developmental transitions, often superseding psychosocial barriers in supportive 

contexts(43). 

This aligns with prior research linking health literacy to better adherence in chronic conditions 

like diabetes, where understanding complex care regimens is critical, supporting the critical need 

for targeted educational strategies to enhance adherence and reduce complications in this 

population care (44, 45, 46). Recent scoping reviews confirm that in T1D adolescents, health 

literacy dimensions like numeracy and self-efficacy strongly support insulin regimen adherence, 

often overriding other clinical influences in urban settings (37). Targeted interventions improving 

health literacy have been shown to enhance engagement and reduce numeracy-related barriers 

in diabetes management (38). Integrating digital tools tailored to adolescents could further 

amplify this, as recent interventions have shown sustained improvements in self-efficacy and 

adherence (47). 

The importance of mental health and its specific domains in drug adherence was further 

analyzed. The mental health state highly affected adherence, and it was shown that adolescents 

who reported fewer mental health symptoms (i.e., less positive and mental disorder symptoms, 

e.g., optimism, negative response, sensitivity, less depression, and less anxiety) had better 

adherence. Moderate adherers had improved mental health and health literacy and were less 

likely to report symptoms of mental disorder, which might impede usual diabetes self-care (42). 

Higher adherence was associated with lower mental health scores (indicating fewer symptoms), 

suggesting better mental health reduces psychological barriers to adherence.  

However, the attenuation in multivariate models implies indirect pathways, where mental health 

influences adherence primarily through self-management behaviors or health literacy mediation  



 

 
 

(48). Although adherence to diabetes self-care is important, it has not been consistently 

associated with mental health (49). For instance, 30% of children and adolescents with diabetes 

are symptomatic for depression and anxiety, which is related to low adherence and glycemic 

regulation (50). This vulnerability may be amplified during adolescence, but family-supported 

settings could buffer effects, aligning with recent psychosocial reviews emphasizing integrated 

care (51). 

Higher positive mental health symptom scores were linked to lower adherence, indicating that 

emotional well-being may sometimes conflict with strict compliance needs. Non-adherent 

adolescents report negative peer and family influence, more frustration, anger, and low self-

esteem (52). Low self-efficacy and negative social support are some of the psychosocial factors 

that contribute to non-adherence and poor mental status (49). These findings are in line with 

prior research, which demonstrates that emotional factors, such as depression and anxiety, are 

inhibitory barriers for achieving A1C control and adherence to diabetes care (36, 53). However, 

the mental health scores and their components were not significantly correlated in the 

multivariate regression models, and the association might be explained by health literacy or 

clinical conditions (54). This complex issue indicates the critical role of routine mental health 

screening and interventions to address mental health barriers to adherence (55).  

Recent studies suggest mental health effects on adherence in T1D adolescents are often indirect, 

mediated by self-management behaviors or health literacy, aligning with the attenuation seen 

here in adjusted models (48, 51). Narrative reviews highlight adolescence-specific psychological 

challenges in T1D, including elevated anxiety/depression risks that exacerbate non-adherence 

during developmental transitions (51). These findings indicate that several clinical variables are 

statistically correlated with adherence.  The greater adherence of adolescents with comorbidities 

could also be related to greater attention and awareness of health (among peers, families, and 

even the referring clinician) and an increased frequency of contact with medical professionals, as 

studies have described patients with multiple morbidities as prioritizing treatment adherence 

(46).  

This independent prediction may reflect heightened monitoring and clinician involvement, 

driving engagement despite complexity, as seen in multimorbid youth, where added oversight 

counters treatment burden (56). This pattern may reflect heightened monitoring and 

family/clinician involvement in multimorbid cases, potentially driving better engagement despite 

added complexity (48). Side effects such as hypoglycemia and the need to contact healthcare 

providers (HCPs) are also associated with better adherence, probably because side effects and 



 

 
 

the need to contact HCPs in cases of adverse reactions increase the perception of important 

treatment (45).  

Insulin pens, rather than vials, are associated with better adherence, possibly because of their 

simplicity and convenience, which confirms previous observations regarding insulin delivery 

devices (44, 57). Despite significant bivariate associations, medication side effects and insulin 

dosage form (pen vs. vial) were not robust predictors of adherence in the regression models, 

suggesting that their influence may be mediated by other factors, such as health literacy. Such 

mediation underscores the need for convenience-focused interventions, though small vial 

subgroups here warrant caution in interpretations(43).  Prospective studies in youth with T1D 

show insulin pens improve preference, ease, and adherence over vials due to reduced pain and 

convenience, though small subgroups like vial users here limit strong conclusions (58). 

In this study, demographic factors including age, sex, parental education, occupation, and family 

income showed no correlation with medication adherence, contrasting with prior research that 

identified a notable association between socioeconomic status and adherence (59).  This null 

finding may stem from equitable urban healthcare access and strong family support in Tehran, 

mitigating typical SES barriers observed elsewhere (60). This lack of association may be due to 

relatively good access to healthcare services and family support systems in urban Tehran, though 

further research in diverse Iranian settings is needed to confirm contextual influences (61). 

No significant associations were observed between diabetes duration or daily insulin injections 

and medication adherence, contrasting with prior studies that linked longer duration or increased 

injection frequency to treatment fatigue or burnout (23, 62). The wider background and issues 

surrounding medication adherence are also considerable.  While medication adherence among 

youth with T1D is often suboptimal, with common barriers including prescription access, cost, 

limited physician availability, injection fatigue, injection site reactions, and parental 

nonadherence (43, 63).  

This study found a more encouraging pattern. Only 5.3% of participants exhibited low adherence, 

with the majority demonstrating moderate to high adherence. Notably, greater social support, 

particularly familial collaborations in disease management, was associated with improved 

compliance. These findings suggest that family-centered interventions aimed at strengthening 

social support may enhance adherence in this population (64, 65).  In Middle Eastern contexts 

like Saudi Arabia, strong family support correlates with better glycemic control and adherence in 

T1D adolescents, potentially explaining the low non-adherence rate observed in urban Tehran 

(39).  



 

 
 

This pattern likely benefits from protective cultural factors, where familial involvement buffers 

adolescence-specific challenges, as evidenced in regional qualitative studies (66, 67). These 

findings highlight the interconnected roles of health literacy, mental health, and select clinical 

factors (e.g., comorbidities and insulin delivery method) in medication adherence. Family-

centered interventions that build on observed family support patterns, along with HL education 

and mental health screening, could help improve adherence in this population. 

Educational activities for a better understanding of optimal diabetes control and support for 

mental health screening and management are needed to enhance adherence and decrease 

complications. While not directly measured in this study, broader barriers such as medication 

costs and access could influence adherence in resource-limited settings; future research and 

policy efforts should explore ways to improve affordability and availability of insulin devices 

alongside individual-level interventions like HL education and mental health support. Integrating 

digital health tools to boost health literacy and address mental health holds promise for T1D 

adolescent care, particularly in supporting family involvement (37). Such integrated approaches 

could address mediation pathways and cultural strengths in urban settings like Tehran (47). 

Study Limitations and Strengths: This study has some limitations, notably its cross-sectional 

design and dependence on self-reported adherence data, which preclude causal inferences. The 

online survey methodology may have introduced selection bias by excluding individuals with 

limited internet access, potentially reducing the generalizability of the findings. Additionally, self-

reported measures are susceptible to information bias, such as recall bias or social desirability, 

which could compromise the validity of self-reports. Some subgroups, such as insulin vial users 

or specific parental education/job levels, included very few participants, which may limit the 

statistical reliability of these comparisons.  Future research should adopt longitudinal designs and 

objective adherence measures (e.g., electronic monitoring or clinical records) to enhance validity. 

Further exploration of psychological factors influencing adherence and cross-national 

comparisons would also provide deeper insights into the interplay between demographic, health-

related variables, and adherence behaviors. 

Conclusion 
This study revealed that health literacy and comorbid conditions have a significant influence on 

medication adherence in adolescents with type 1 diabetes (T1D). While other factors—including 

mental health, insulin delivery methods, and medication side effects—also contribute, the 

limited impact of demographic and disease-specific variables suggests that tailored adherence 

interventions are essential for this high-risk group. Policymakers should consider implementing 

school- and community-based programs to enhance health literacy and support adherence 



 

 
 

among adolescents with T1D. Additionally, integrating routine monitoring and counseling into 

clinical care can help identify adolescents at risk and provide targeted interventions. 
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