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ABSTRACT

Background: Type 1 Diabetes Mellitus (T1DM) is a major global health concern affecting children and
young people worldwide, with limited data available from low- and middle-income countries, including
Irag.

Objectives: To investigate the clinical characteristics, management practices, and determinants of
glycemic outcomes among pediatric patients with TLDM in Baghdad, Iraq.

Methods: A cross-sectional study was conducted at the Diabetes Center of Al-Yarmouk Teaching
Hospital in Baghdad from January 2024 to January 2025. A total of 250 children and adolescents aged
1-18 years with confirmed T1DM were enrolled. Demographics and clinical presentation data, insulin
regimen, frequency of blood glucose monitoring, use of diabetes technology, frequency of acute
complications and psychosocial aspects was collected. Independent predictors of poor glycemic control
(defined as HbAlc >9%) in the study population were identified using multivariate logistic regression
analysis.

Results: Mean age of the study population was 10.5 + 3.2 years. Males represented 52% of the study
population. Diabetic ketoacidosis at the time of diagnosis was reported in 39.2% of patients. Only 40%
of the study group achieved optimal glycemic control (defined as HbA1c<7%). Most participants
(85%) received treatment with multiple daily insulin injections; however, continuous glucose monitoring
was only available for 8%. Adolescence and infrequent self-monitoring of blood glucose (SMBG) were
independently associated with poor glycemic control, with adjusted odds ratios (aORs) of 3.84 and 3.21,
respectively. Additionally, lack of structured diabetes education (aOR = 2.87), low parental education
level (aOR = 2.54), and family dysfunction (aOR = 2.42) were also identified as independent predictors
of poor glycemic control.

Conclusion: Suboptimal glycemic control and a high rate of acute complications were demonstrated in
children and adolescents with TLDM in Baghdad. Clinical, educational, and family-related factors were
shown to be modifiable and had a significant impact on the outcomes for the study population.
Enhanced structured diabetes education, improved access to SMBG, and the incorporation of family-
centered support may improve pediatric TLDM care in resource- limited settings.
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INTRODUCTION

Type 1 diabetes mellitus (TLDM) is one of the most common chronic illnesses affecting
children and adolescents, with an estimated 1.1 million children living with the condition. The
annual growth rate of new cases for TLDM has been reported to be between 2 — 5%, making it a
growing concern for healthcare systems worldwide. @ While there are more children with TLDM
living in high-income countries than low- and middle-income countries, the number of children
being diagnosed with T1DM is increasing rapidly in these countries, including the Middle East
and North. @ The rapid growth of TLDM in low- and middle-income countries places additional
strain on overstretched healthcare systems. )

T1DM is caused by the autoimmune destruction of the pancreatic beta cells that results in
complete loss of insulin production and consequently, affected individuals require exogenous
insulin for life. @ If diabetes is inadequately managed or if the child is diagnosed late, affected
children are at greater risk for severe complications. Diabetic ketoacidosis (DKA) is a significant
cause of morbidity and mortality among children with TIDM in resource-poor settings.
Although technology, such as continuous glucose monitors and insulin pumps, has improved the
quality of life for children with TIDM in high-income countries, they remain limited in many
developing areas. ®

Over the last decade, the incidence of pediatric TLDM has increased in Irag, similar to trends
observed amid other challenges faced by the healthcare system, including conflict and economic
instability. © Providing optimal care requires a multi-disciplinary approach that includes insulin
therapy, structured dietary advice, diabetes self-management education, psychological support,
and routine screening for complications. ” However, there are multiple barriers to providing this
care to children with TIDM in lIraq, including limited educational resources, limited access to
new-generation insulin analogues and glucose monitoring devices, and a limited number of
qualified pediatric endocrinologists. ®

Research has shown that children with TIDM in Iraq have increased rates of DKA and
poorer glycemic control than those in developed countries; largely attributable to late diagnosis,
socio- economic disadvantages, and limited knowledge about diabetes. © Additionally,
psychosocial pressures in conflict-affected regions can adversely affect adherence to treatment
recommendations and ultimately affect the child's clinical outcome. ‘9 Although international
guidelines recommend diagnosing children with T1DM early, using intensive insulin therapy
regimens, educating them about diabetes self-care, and regularly monitoring their blood glucose
levels, ™2 implementation of these guidelines remains limited in resource-limited countries. In
fact, regional studies conducted in neighboring Middle Eastern countries found that 50 — 70% of
adolescents with TIDM have poor glycemic control; ** * however, there are no studies from
Iraq that examine the management of pediatric TLDM or the psychosocial factors that may
contribute to poor glycemic control.
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Objectives of study
o To explore the clinical profile of children and adolescents with TLDM in Baghdad.
o To assess treatment methods used in pediatric TLDM management.
o To evaluate glycemic control among the study population.
« To identify modifiable predictors of poor glycemic control.
« Toinform targeted interventions and policies for improving pediatric diabetes care.

METHODS
Study design, setting, and participants

A cross-sectional study conducted at the Diabetes Center of Al-Yarmouk Teaching Hospital in
Baghdad, Irag. The data were collected over a one-year time frame between January 2024 and January
2025. The department sees approximately 400 patients with TIDM each year. All consecutive eligible
children and adolescents attending the clinic for care during the study period were consecutively
enrolled until the target sample size was achieved of 250. Eligible children/adolescents were defined as
being between the ages of 1-18 years and having been diagnosed with TIDM for at least 6 months,
based on the American Diabetes Association criteria. ™

They also had to be receiving regular insulin therapy and had attended at least two clinic visits
within the previous 12 months. Exclusions included type 2 diabetes, monogenic or secondary diabetes,
presence of chronic conditions affecting glucose metabolism, the use of medication that affects glucose
metabolism in the month prior to enrollment, incomplete medical records, and refusal to participate in
the study.
Sample size
Based on previous studies reporting 60% suboptimal glycemic control, © ® the required sample size
was calculated using the formula:
n=Z2p (1-p)/d?
Where n is the sample size, Z is the standard normal deviate at 95% confidence level (1.96), p is the
estimated proportion (0.60), and d is the margin of error. A minimum sample of 215 patients was
required at a 95% confidence level. To ensure adequate power, 250 patients were enrolled.
Data collection

Data were collected through review of patient charts and through the completion of structured
interviews by trained personnel using pre-designed standardized interview tools. The variables assessed
were demographic information, age at diagnosis, length of time since diagnosis, clinical presentation of
the disease at diagnosis, incidence of DKA at diagnosis, type of insulin regimen used, frequency of self-
monitoring of blood glucose (SMBG), the most recent hemoglobin Alc measurement, occurrence of
acute diabetes-related events over the past 12 months, and screening results, when available, for chronic
complications. In addition, standardized instruments assessing psychosocial and educational factors
related to diabetes management were administered using validated Arabic versions of the standardized
measures. These instruments included the PedsQL™ Diabetes Module, the Problem Areas in Diabetes
Treatment (PAID-T) in adolescents, and family functioning assessments. "
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Structured diabetes education was defined as participation in a standardized clinician-led program
delivered at the Diabetes Center of Al-Yarmouk Teaching Hospital in Baghdad by a pediatric
endocrinology team, consisting of at least two formal sessions in the past 12 months and covering
essential diabetes self-management topics. Participants receiving informal or non- standardized
counseling were classified as not having received structured education.

Definitions

HbAlc was determined using certified high-performance liquid chromatography. Based on established
thresholds, glycemic control was categorized into three levels: optimal (<7.0%), suboptimal (7.0-9.0%),
and poor (>9.0%). *® DKA was defined and classified in accordance with the ISPAD criteria, * while
severe hypoglycemia referred to any episode requiring external assistance.

Statistical analysis

Statistical analysis was performed using SPSS version 26. Continuous variables were summarized as
means + standard deviations, categorical variables as frequencies and percentages. Comparisons
between groups were performed using independent t-tests or chi- square tests, as appropriate to the data
structure. Multivariable logistic regression was performed to identify independent predictors of poor
glycemic control (HbAlc >9%). Results were presented as adjusted odds ratios (aORs) with 95%
confidence intervals. Model adequacy was evaluated using appropriate goodness-of-fit tests, and
statistical significance was set at p <0.05.

Ethical Considerations

The Institutional Review Board of the Ibn Sina University of Medical and Pharmaceutical
Sciences (ISU-2022-345) has given ethical approval for this study. Informed written consent was
obtained from all the parents or legal guardians of the children. All procedures were carried out
according to the Declaration of Helsinki.

Results

Participant characteristics

A total of 250 children and adolescents diagnosed with TLDM were enrolled. The mean age was
10.5 £ 3.2 years. Most participants were in the 6-12 years age group (48.0%), followed by 13-18 years
(34.0%) and 1-5 years (18.0%). Males accounted for 52.0% of the sample, while females represented
48.0%. The mean duration of diabetes was 4.1 + 2.3 years. (Table 1)

Table 1: Demographic and clinical characteristics (n = 250)

Variable Value
Age, mean £ SD (years) 105+3.2
Age group, n (%)
1-5 years 45 (18.0)
6-12 years 120 (48.0)
13-18 years 85 (34.0)
Sex, n (%)
Male 130 (52.0)
Female 120 (48.0)
Duration of diabetes, mean £ SD (years) 41+23
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Clinical presentation and diagnosis

Classic manifestations of hyperglycemia, including polyuria, polydipsia, and weight loss,
were observed in 75% of patients. DKA at initial presentation was identified in 39.2% of cases.
Detailed diagnostic approaches and presenting characteristics are summarized in Table 2.

Table 2: Clinical presentation and diagnosis

Variable n (%)
Classic symptoms at presentation (polyuria, polydipsia, weight loss) 188 (75.0)
DKA at diagnosis 98 (39.2)
Family history of diabetes 70 (28.0)
Diagnosis based on ADA criteria 250 (100)

Management practices and access to technology

Eighty-five percent of patients used multiple daily insulin injections; 50% of patients used
an insulin pump for management of their diabetes. Access to diabetes-related technologies was
limited; continuous glucose monitoring (CGM) was utilized by 8% of the study participants.
Information on SMBG and the use of insulin delivery systems is shown in Table 3.

Table 3: Diabetes management and technology use

Variable n (%)
Insulin regimen
Multiple daily injections 213 (85.2)
Insulin pump therapy 37 (14.8)
SMBG frequency
>2 times/day 145 (58.0)
<2 times/day 105 (42.0)
CGM use 20 (8.0)

275

Glycemic control and acute complications

Regarding glycemic control (HbAlc <7.0%), 40% of study participants had achieved this
goal; whereas, a glycemic category representing "poor"” levels of control (HbAlc >9.0%) was
observed in 35% of the sample. Additionally, over the preceding 12 months, 35.2% of the
participants experienced DKA requiring treatment, and 24.8% had an episode of severe
hypoglycemia. The frequency of complications by each glycemic category is displayed in table
4.

Determinants of Glycemic Control in Pediatric TADM
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Table 4: Glycemic control and acute complications

Determinants of Glycemic Control in Pediatric TADM

Variable n (%)
HbALc categories
Optimal (<7.0%) 100 (40.0)
Suboptimal (7.0-9.0%) 62 (24.8)
Poor (>9.0%) 88 (35.2)
DKA in previous 12 months 88 (35.2)
Severe hypoglycemia 62 (24.8)

Psychosocial factors and education

Only 38% of the study group received structured diabetes education. Adolescents were
found to be at higher risk for clinically significant levels of diabetes-related distress (43.5%). A
substantial proportion (28.8%) of families demonstrated evidence of dysfunction. Detailed

psychosocial characteristics are presented in Table 5.

Table 5: Education and psychosocial factors

276

Variable n (%)
Lack of structured diabetes education 155 (62.0)
Adolescents with significant distress 37 (43.5)*
Adolescents receiving psychological support 4 (4.7)*
Family dysfunction 72 (28.8)

* Adolescent-specific data based on n=85.

Predictors of poor glycemic control

The multivariate logistic models identified the following factors as independent predictors of
poor glycemic control (defined as HbAlc >9%): adolescent age (aOR = 3.84); infrequent SMBG
< 2 times per day (aOR = 3.21); absence of structured diabetes education (aOR = 2.87); low
parental education (aOR = 2.54); family dysfunction (aOR = 2.42). The model demonstrated
acceptable calibration and discrimination. Detailed findings are provided in Table 6.

Table 6: Independent predictors of poor glycemic control (HbAlc >9%)

Predictor Adjusted OR (95% CI) p-value
Adolescent age (13-18 years) 3.84 (1.92-7.68) <0.001
SMBG <2 times/day 3.21 (1.65-6.24) 0.001
Lack of structured education 2.87 (1.48-5.56) 0.002
Low parental education 2.54 (1.32-4.89) 0.005
Family dysfunction 2.42 (1.15-5.09) 0.020

Model performance: Hosmer—Lemeshow p = 0.52 (good fit); AUC-ROC =0.78
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DISCUSSION

The study identifies significant gaps in the management and outcomes of T1DM, reflected by

suboptimal glycemic control and a high burden of acute complications. Only 40% of patients achieved
target HbAlc levels, while more than one-third experienced DKA at diagnosis or during follow-up.
These findings underscore ongoing challenges in early detection, continuity of care, and long-term
disease management in resource-limited settings.
The prevalence of DKA at diagnosis in this study was higher (39.2%) compared to reports from other
high-income countries (range 6-8%). @ However, it is similar to previously Eublished rates of DKA in
nearby Middle Eastern countries, specifically Saudi Arabia (30-45%) 9 and Kuwait (30-45%).
@) These findings suggest similar regional barriers to early detection, public knowledge, and access to
primary care for patients with TIDM. In contrast, registry-based data from Europe and North America
have reported much lower rates of DKA; however, these differences can be attributed to the established
structured healthcare delivery systems and the comprehensive diabetes education provided in many of
these areas. ®* 2%

In comparison to glycemic outcomes reported in high-resource settings, the results obtained in this
study were poorer, especially among adolescents. Adolescence has been identified internationally as a
high-risk age for developing poor glycemic control. This trend has been attributed to the numerous
physiological and psychosocial changes occurring in adolescence, including insulin resistance, reduced
adherence, and increased autonomy in disease management. ®® These observations have also been
reported in regional studies examining the glycemic control of children with T1DM, where the
adolescent population exhibited higher average HbA1c values than their younger counterparts. © 2"

Access to new technology, specifically CGM, was severely limited. Less than 10% of participants in
this study used CGM, which is far less than the rate of > 50% reported in some European countries. ¢
Studies have demonstrated the utility of CGM in improving glycemic control, reducing episodes of
hypoglycemia, and increasing the amount of time spent within the optimal range. ® 1t is likely that the
limited accessibility of CGM contributed to the poor glycemic control and resulting increase in acute
complications observed in this patient population.

Multiple modifiable determinants were independently predictive of poor glycemic control. The most
significant association was found with infrequent SMBG as well as the lack of structured diabetes
education. The literature has consistently shown that the implementation of structured diabetes
education is associated with improvements in HbAlc levels (-0.5 — 1.0%) and reductions in the
incidence of DKA. ®® As such, this represents a modifiable gap in current care.

Additionally, several psychosocial and family-related factors were independently predictive of poor
glycemic control. Specifically, family dysfunction and low parental education were identified as
predictors of poor glycemic control. While pediatric diabetes care primarily focuses on medical
management, family-centered interventions and psychosocial support have been shown to enhance
adherence to diabetes regimens and improve metabolic outcomes, particularly among adolescents. ¢
However, psychological support services were likely underutilized in this study.

Strengths of this study include its relatively large sample size, as well as the comprehensive
assessment of both clinical and psychosocial variables, including a focus on modifiable factors. Potential
limitations include the likelihood of residual confounding by socio-economic status, and the fact that the
cross-sectional nature of this study precludes causal inference. Additionally, the findings of this study
may have limited generalizability given that this study was conducted at a single tertiary center in
Baghdad.
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These findings have significant clinical and policy implications. Improving access to glucose
monitoring tools, establishing and implementing structured, culturally relevant education programs, and
incorporating family-centered and psychosocial care into standard care practices are necessary to
improve the management of type 1 diabetes. Adolescents represent a particularly vulnerable subgroup

that requires additional targeted interventions to achieve long-term outcomes.
Conclusion

Suboptimal glycemic control and a high burden of acute complications were observed

among children and adolescents with TIDM in Baghdad. The study highlighted key aspects of
disease management, treatment patterns, and glycemic outcomes within this population. Multiple
modifiable factors, including monitoring frequency, education, and family-related aspects, were
identified as predictors of poor glycemic control. These findings provide evidence to guide
targeted interventions and inform healthcare policies aimed at improving pediatric diabetes
management in resource-constrained settings.
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