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Factors Affecting Glycemic Control in Pediatric Type 1 Diabetes Mellitus: A

Multivariate Regression Analysis
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Abstract- Several factors have been reported to affect glycemic control, the significance of most of which is
still a topic of discussion. Therefore, we aimed to investigate such effects in more detail. We conducted our
cross-sectional analysis on 163 children and adolescents 2 to 18 with TIDM. Moreover, we obtained their
demographic and clinical information in addition to glycated hemoglobin (HbA1C) levels and performed a
multivariate regression analysis to determine their effects. Among the investigated factors parents living
together (P<0.001), higher parental education (P<0.001), level of monthly income (£<0.001), and residing in
urban areas (P<0.001), positive history of hospitalization due to ketoacidosis (P=0.001), injection site
lipodystrophy (P=0.005), physical activity (P<0.001), regular endocrinology clinic visits (P<0.01), physician
long distance access (P<0.001), social media usage (P<0.001), nutritionist supervision (P<0.001), regular visits
by a mental health expert (P=0.02), body mass index (P=0.449, P<0.001), daily insulin units (r=0.447,
P<0.001), height Z score (r= -0.177, P=0.024), and duration of Diabetes (r= -0.199, P=0.011) significantly
affected HbA1C levels. Furthermore, the regression model significantly predicted 56.4% of the changes in
HbAIC. With environmental and family-related factors proving pivotal, educational interventions and
implementing relevant policies are crucial. Financial aid to those affected by facilitating access to healthcare-

related technologies and state-of-the-art care centers can also pay substantial dividends.
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Introduction

As the most prevalent pediatric endocrinological
disorder, type 1 Diabetes Mellitus (T1DM) necessitates
appropriate management and follow-up (1). In addition,
the disorder's incidence has been on a continuous rise
during the last decade, with more than a million affected
children and adolescents worldwide and the middle and
low-income countries impacted the most (2,3).

The disorder stems from insulin deficiency and
persistently high blood sugar (BS) levels, which should
be consistently kept below a certain level (also termed
glycemic control). However, failure to achieve such a feat

would lead to significant short-term and long-term
macro-vascular and micro-vascular adversities, including
diabetic  ketoacidosis,  retinopathy, nephropathy,
atherosclerosis, ischemic heart disease, and lower
extremities' hypoxia and subsequent necrosis (2).
Nevertheless, several studies have indicated that desirable
glycemic control is barely achieved in an overwhelming
percentage of the population suffering from DM,
especially children (4-6).

Hemoglobin Alc (HbAlc) is a widely recognized
indicator of how well glycemic control has been
achieved, with below 7.5% levels indicating desirable
control in the months before (7). However, many studies
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T1DM factors

have shown that countless factors impact glycemic
control, with age, sex, insulin regimen and adherence,
duration of Diabetes, frequency of blood glucose
monitoring and insulin injections, daily required insulin
units, and physical and mental comorbid disorders all
playing considerable parts (8-13). Nonetheless, the extent
to which these factors affect our TIDM glycemic targets
has been controversial. Therefore, an appropriate risk
stratification strategy to highlight which factors to
dedicate more time and attention to is paramount, which
we aimed to investigate in our study.

Materials and Methods

This cross-sectional study was conducted in Iran's
southeast pediatric endocrinology referral clinic between
2021 and 2022. In addition to following the guidelines in
the Declaration of Helsinki, we obtained approval from
the Institutional Review Board (IRB). Moreover, as we
ensured the confidentiality of their personal information,
the legal guardians of the children deemed eligible for the
investigations provided their written informed consent.

Population

We targeted children and adolescents referred to our
clinic with confirmed type 1 diabetes mellitus (T1DM)
via a census method due to the relative scarcity of
available cases. However, we included those aged 2 to 18
years who had been diagnosed with TIDM at least 12
months prior and were not suspected of type 2 or infantile
DM.

Outcomes and data collection

Upon inclusion, we recorded the necessary personal
and demographic characteristics, consisting of the
patient's age, gender, height, weight, body mass index,
physical activity, socioeconomic status (e.g., family
monthly income), place of residence (i.e., urban or rural),
their level of education, and their primary caretakers'
(e.g., parents) level of education and employment status
and whether they lived together or separately. We also
asked if a psychologist or a psychiatrist regularly visited
the patients or their caretakers to determine their overall
mental health and coping methods. Moreover, we
checked if the patients or their caretakers utilized the
social media platforms to be appropriately and regularly
updated on information regarding DM control. In
addition, we documented factors related to the patients'
DM, including its duration and family history.

We also considered possible or known factors
impacting or related to the extent of blood sugar (BS)

272  Acta Medica Iranica, Vol. 64, No. 5 (2026)

control brought below:

e Daily, weekly, and monthly frequency of BS
measurements,

e Number of insulin injections per day,

e Using the carbohydrate counting method for insulin
injections,

e Injecting additional insulin for added snacks,

e Insulin injections during school hours,

e Parental supervision during injections,

e Long-distance availability of the primary caretaking
physician,

e Being under the supervision of a specialized
nutritionist,

e Frequency of outpatient visits (during and after the
pandemic),

e Hospitalization due to diabetic ketoacidosis (DKA)
or hypoglycemia,

e Insulin daily dosage (i.e., basal and bolus doses) and
regimen (i.e., insulin pens or the conventional regular
and NPH insulin vials),

e Presence of lipodystrophy or lipoatrophy at the
insulin injection sites.

Furthermore, we measured the patients' Glycated
hemoglobin (HbAI1C), either through their latest
available laboratory data (if done in the past three
months) or by sending blood samples for laboratory
investigation (via the colorimetric method), to determine
whether they had appropriate DM metabolic control.
Ultimately, we investigated the effects of the mentioned
factors on the HbA1C levels.

Statistical analysis

The 22" version of the SPSS statistical package
(SPSS Inc., IBM, USA) was used to analyze the data, with
categorical variables described by frequency and
percentage and continuous variables described by mean
and standard deviation (SD). In addition, the Chi-square,
Student's t, and Pearson's r tests were used to analyze the
mentioned data. We then carried out a multivariate
regression analysis to assess the extent of the effects of
investigated factors. P<0.05 were also considered
statistically significant.

Results

Most of the 163 children and adolescents were girls
(54%). However, although only a minority were under 12
years old (26.5%), most did not experience signs of
puberty (50.9%). Regarding socioeconomic status, we
found that most families resided in urban areas (69.9%),
had primary or academic education, and the majority of



fathers were employed (92%), yet most mothers were
housewives or unemployed (63.2%).

The serum HbA1C levels were 8.21£1.58, with only
37.3% having desirable BS controls as indicated by
HbA1C levels< 7.5%. In addition, 14.6% had HbA1C
levels above 10%. However, most did not experience
DKA (62%) or hypoglycemia (87.7%) episodes after DM
diagnosis.

We found that most children did not have a family
history of DM (57.1%), used insulin pens (96.9%), used
carbohydrate counting for insulin dose measurements
(54.6%), and did not inject after an additional snack
(68.7%) or during school hours (73.9%). Moreover, most
of the injections were performed under the direct
supervision of their caretakers (50.3%) and did not have
lipodystrophic or lipoatrophic changes at injection sites
on examination (50.3%). In addition, most children had
adequate physical activity (57.4%).

The endocrinology clinic visits occurred every three
months in most (71.8%) before the pandemic but reduced
to every six months during and after it (57.7%).
Nevertheless, most had long-distance access to their
caretaking physician (76.1%). Most patients also reported
that they used social media only to communicate with
their caretaking physician (62.3%), and, therefore, only a
few online educational outlets followed on Diabetes
(18.5%). In addition, most patients (62.6%) were not
supervised by a specialized nutritionist and were not
regularly visited by a psychologist or a psychiatrist (84%)
(Table 1).

Our analysis demonstrated that mean Serum HbAlc
levels were not significantly different based on the
patient's gender (P=0.7), puberty (P=0.13), family history
of DM (P=0.06), latest education received (P=0.28),
medical conditions (P=0.42), using the carbohydrate
counting method (P=0.87), insulin regimen (P=0.65),
additional insulin injections for snacks (P=0.08) or during
school hours (P=0.22), parental supervision of injections
(P=0.27), history of experiencing hypoglycemia episodes
(P=0.32)
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However, parents living together (P<0.001), higher
parental education (P<0.001), level of monthly income
(P<0.001), and residing in urban areas (P<0.001) were
associated with lower HbA1C levels. Even though
children of employed fathers had lower HbAlc levels
(P<0.001), the levels were significantly higher in children
of employed mothers (P<0.001).

In addition, higher mean levels of HbA1C were noted
in those with histories of hospitalization due to DKA
episodes (P=0.001), lipodystrophic or lipoatrophic
changes at injection sites (P=0.005), inadequate physical
activity  (P<0.001), less frequent visits to the
endocrinology clinic (P=0.001 for before the pandemic,
P<0.001 for during and after), no long distance access to
the caretaking physician (P<0.001), not using social
media (P<0.001), not under the supervision of a
specialized nutritionist (P<0.001), and not regularly
visited by a psychologist or a psychiatrist (P=0.02) (Table
2).

We also found that BMI (P=0.449, P<0.001) and
daily injected insulin units (r=0.447, P<0.001) had
moderately positive correlations with mean HbA1C
levels, while height Z score (r= -0.177, P=0.024) and
duration of Diabetes (r= -0.199, P=0.011) had weak
negative correlations. However, the patient's age
(r=0.149, P=0.058) and number of daily insulin injections
(r=-0.088, P=0.263) did not significantly correlate with
mean HbA1C levels.

Ultimately, the multivariate regression model
comprising the previously mentioned statistically
significant  characteristics ~ significantly (F (30,
137)=11.16, P<0.001) predicted 56.4% of the changes in
HbA1C (Adjusted R?=0.564).

In addition, daily units of insulin injection (P=0.004),
father's education level (P=0.015), mother's employment
status  (P=0.045), monthly (P=0.001),
endocrinology visits before the pandemic (P=0.018), and
social media use (P=0.047) demonstrated significant
effects in the model (Table 3).

income

Table 1. Demographic and clinical characteristics of children with type 1 diabetes

Total patients included

Characteristic (No.=163)
No. (%) / Mean £ SD

Age (Years) 10.22 +3.72
Duration of Diabetes (Years) 5.16 +3.06
Gender

Boy 75 (46)
Girl 88 (54)
Puberty

Yes 80 (49.1)
No 83 (50.9)
Height (Z score) -0.18 £ -0.84
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Cont. table 1

BMI (Percentile)
Family history of DM
Yes

No

Latest Education
Illiterate

Primary school
Secondary school
Medical conditions
Negative
Hypothyroidism
Celiac disease
Other

Father's education
Illiterate

Diploma

Advanced Diploma
Bachelor's or higher
Mother's education
Illiterate

Diploma

Advanced Diploma
Bachelor's or higher
Father's employment status
Employed
Unemployed
Mother's employment status
Employed
Unemployed

Parents living together
Yes

No

Monthly income
Below 50 dollars

Between 50 and 100 dollars
Above 100 dollars
Residence

Urban

Rural

Number of daily blood sugar measurements
Using the carbohydrate counting method

Yes

No

Insulin regimen

Pen

Conventional

Frequency of insulin injections

Daily (U/Kg)

Daily (Total)

Weekly

Monthly

Additional Insulin injections for snacks
Yes

No

Additional Insulin injections during school hours
Yes

No

Supervision during insulin injections
Injection done by caretakers
Under supervision

Without supervision
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36.56 +30.53

70 (42.9)
93 (57.1)

36 (22.2)
83 (51.2)
43 (26.5)

94 (57.7)
25 (15.3)
23 (14.1)
21 (12.9)

8 (4.9)
57 (35)
48 (29.4)
50 (30.7)

7(4.3)
78 (47.9)

46 (28.2)
32(19.6)

150 (92)
13 (8)

60 (36.8)
103 (63.2)

150 (92)
13 (8)

26 (16)

50 (30.7)
87 (53.4)

114 (69.9)

49 (30.1)
1£0.7

89 (54.6)
74 (45.4)

158 (96.9)
5(3.1)

0.83£0.41
2.99+£1.08

6.31+4.07
25.03+15.1

51 (31.3)
112 (68.7)

41 (26.1)
116 (73.9)

49 (30.1)
82 (50.3)

32(19.6)
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Cont. table 1

Diabetes first manifested with ketoacidosis

Yes 66 (40.7)
No 96 (59.3)
Hospitalization due to diabetic ketoacidosis during follow-up

Yes 62 (38)
No 101 (62)
Hospitalization due to hypoglycemia

Yes 20 (12.3)
No 143 (87.7)
Lipodystrophic or lipoatrophic changes at the injection site

Yes 81(49.7)
No 82 (50.3)
Physical activity

Yes 93 (57.4)
No 69 (42.6)

Visits at the clinic
Before the pandemic

Every three months 117 (71.8)
Every six months 39 (23.9)
Every year 7(4.3)
During and after the pandemic

Every three months 37(22.7)
Every six months 94 (57.7)
Every year 32 (19.6)
Long-distance access to the caretaking physician

Yes 124 (76.1)
No 39 (23.9)
Social media use

Follows educational outlets regarding Diabetes 30 (18.5)
Only. .to communicate with the caretaking 101 (62.3)
physician

No 31(19.1)
Under the supervision of a nutritionist

Yes 61 (37.4)
No 102 (62.6)
Regular psychologist or a psychiatrist visits

Yes 26 (16)
No 136 (84)

Table 2. Hemoglobin A1C levels in children with type 1 diabetes based on the factors investigated

Characteristic Serum HbAlc level
(Mean = SD)

Gender

Boy 8.16+1.52

Girl 8.26 +1.63

Puberty

Yes 841+1.72

No 8.03 +£1.58

Family history of Diabetes Mellitus

Yes 70 (42.9)

No 93 (57.1)

Latest Education

illiterate 8+1.1

Primary school 8.1 +1.56

Secondary school 8.5+1.73

Medical conditions

Negative 8.38 £ 1.58

Hypothyroidism 7.81 £1.33

Celiac disease 8.14+1.72

Other 8.07 +£1.68

Father education®**

illiterate 10.2+£1.58

Diploma 9.27+1.78
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Cont. table 2

Advanced Diploma

Bachelor's or higher

Mother's education***

illiterate

Diploma

Advanced Diploma

Bachelor's or higher

Father's employment status***
Employed

Unemployed

Mother's employment status***
Employed

Unemployed

Parents living together***

Yes

No

Monthly income***

Below 50 dollars

Between 50 and 100 dollars

Above 100 dollars

Residence***

Urban

Rural

Using the carbohydrate counting method
Yes

No

Insulin regimen

Pen

Conventional

Additional Insulin injections for snacks
Yes

No

Additional Insulin injections during school hours
Yes

No

Supervision during insulin injections
Injection done by caretakers

Under supervision

Without supervision

Diabetes first manifested with ketoacidosis
Yes

No

Hospitalization due to diabetic ketoacidosis during follow-up**

Yes
No
Hospitalization due to hypoglycemia
Yes
No

Lipodystrophic or lipoatrophic changes at the injection site**

Yes

No

Physical activity***
Yes

No

Visits at the clinic
Before the pandemic**
Every three months
Every six months
Every year

During and after the pandemic***
Every three months
Every six months
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7.72+£0.79
7.17+£0.6

9.9+241
8.63 +1.48
8.02 +1.57
7.12+£0.71

8.08 £1.72
9.8 +1.59

8.85+1.72
7.84+1.37

8.09 +1.48
9.63 +1.58

9.8+1.72
8.71 +1.68
7.46 £0.87

7.93+1.43
8.88+1.72

8.23+1.81
82+1.27

823+1.6
7.9+0.27

7.9 +1.54
8.36 + 1.58

793+1.6
8.28 +1.57

8.12+1.3
8.11+1.52
8.62£2.06

9.06 £1.82
7.65+1.08

8.74+1.73
7.89+1.39

7.89+15
8.26 +1.59

8.56+1.79
7.87+1.26

7.67+£1.28
892+1.7

8+1.43

8.53+1.81
10£1.33

7.69 +1.39
8.13+1.38
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Cont. table 2

Every year

Access to the caretaking physician***

Yes

No

Social media use

Follows educational outlets regarding Diabetes
Only to communicate with the caretaking physician
No

Regular psychologist or a psychiatrist visit*
Yes

No

Under the supervision of a nutritionist***

Yes

No

9.08+1.99

7.96 £ 1.44
9.04 £1.74

7.51+£1.07
8.01+1.53
9.54+1.44

7.54+£1.56
8.35+1.56

747 +£1.26
8.66 + 1.59

* P<0.05, **P<0.01, ***P<0.001

Table 3. Linear regression model based on factors potentially impacting serum HbA1C levels

Characteristic Unstandardized coefficients (B) [95.0% CI] P
(Constant)*** 9.66 [7.04 - 12.27] <0.001
Height (Z Score) -0.2 [-0.41 - 0.01] 0.059
BMI (Percentile) 0.01 [0-0.01] 0.073
Daily units of insulin injection
. 23-1.1 .004

(Units)** 0.7 [0.23 7] 0.00
Duration of Diabetes (Years) -0.01 [-0.07 - 0.05] 0.693
Higher father education level* -0.35 [-0.64 - -0.07] 0.015
Higher mother education level -0.03 [-0.29 - 0.22] 0.786
Father unemployed -0.27 [-0.98 - 0.43] 0.443
Mother unemployed * -0.4 [-0.79 - -0.01] 0.045
Higher monthly income** -0.5 [-0.8 - -0.2] 0.001
Parents not living together 0.07 [-0.62 - 0.75] 0.846
Residing in urban areas -0.22 [-0.66 - 0.23] 0.335
Negative history of hospitalization due

. . sy e -0.31 -0.67 - 0.05 0.091
to diabetic ketoacidosis : ]
Lower number of e.ndocrmology visits 041 [0.07-075] 0.018
before the pandemic*
Lower endocrmol.ogy visits during and 0.05 [-0.35 - 0.25] 0.739
after the pandemic
Havmg. long-dl§tfmce access to the 013 [-0.6 - 0.35] 0597
caretaking physician
Havm‘g l:egu.la.r psychologist or a 0.06 [-0.47 - 0.6] 0.822
psychiatrist visits
Not 'b.elng under the supervision of a 033 [:0.09 - 0.74] 0.125
nutritionist
Not using social media for diabetes 032 [0 0.64] 0.047
control *
Not having lipodystrophic or
lipoatrophic changes at the injection -0.16 [-0.51-0.19] 0.357
site
Not having physical activity 0.27 [-0.13 - 0.67] 0.184

* P<0.05, ** P<0.01, *** P<0.001

Discussion

With many children across the world suffering from
irreparable complications, appropriate and accurate
control of blood glucose and metabolism in DM is
quintessential. This led to the conduction of this study,
aiming to investigate potentially influential factors in
order to optimize BS control and follow-up, with results

of the regression analysis demonstrating that daily units
of insulin injection, father's education level, mother's
employment status, monthly income, and the frequency
and regularity of endocrinology visits proving more
pivotal than other factors for achieving a desirable
HbAI1C level.

Our study demonstrated that parents, if not the most,
are one of the most vital components in their child's
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metabolism control, with their level of education,
employment status, place of residence, and monthly
income status all having considerable effects on the
HbA1C levels. Nevertheless, we have to note that even
though the father's higher level of education and
socioeconomic status inevitably led to lower HbAIC
levels, the presence of the child's mother was more
important as children of stay-at-home mothers had
significantly lower HbA1C levels, which is in line with
findings from another study (14). These findings align
with previous studies that reported an inverse linear
relationship between the families' socioeconomic status
and HbA1C levels (14-20).

The financial burden on families to maintain
appropriate metabolic control is considerable, and
subsequently, low household income and rural residence
are associated with even poorer disease conditions
aggravated by lack of access to healthcare services (17).
Therefore, strategies are required to ensure that TIDM
children with low socioeconomic status receive adequate
diabetes care and are routinely followed to improve their
glycemic control and reduce the risk for complications.

In addition, as long-distance access to the caretaking
physician was associated with lower HbA1C levels,
providing or facilitating such access to the children's
parents through social media is paramount. Better yet, the
physician should encourage the families to follow up-to-
date social media outlets on DM and improve their overall
knowledge.

Similar to previous studies, we also found that lower
adherence to guidelines led to less glycemic control, with
histories of hospitalizations due to DKA, incorrect
injection techniques and finding lipodystrophic or
lipoatrophic changes at injection sites, inadequate
physical activity, and less frequent endocrinology visits
for follow-ups were associated with less controlled blood
glucose levels (19,21-24). This finding highlights the
importance of educating the children and their parents on
glycemic control by encouraging using varying injection
sites, promoting higher physical activity, and requesting
more regular follow-up visits. In addition, as we found
those under the supervision of a specialized nutritionist
and those whom a psychologist or a psychiatrist regularly
visited to have lower HbA1C levels, we recommend
children and adolescents with TIDM also be referred to
nutritionists for diet modifications and a mental health
expert for relevant evaluations.

However, unlike some studies, we found no
relationship between the patients' age or gender and
HbAlc levels. One study, for instance, reported that girls
and younger age were associated with poorer glycemic
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control, while two other studies stated that older patients
had better glycemic control (24-26). Considering that the
parameters investigated in our study were measured
differently (e.g., the instruments used for outcome
measures) in the mentioned studies or not measured at all,
the differences in sample sizes, and the differences in the
age of included children and adolescents, we believe
extending the evaluations to other age groups and adding
other outcome measures to investigations would aid the
accuracy and reliability of the results immensely.

Finally, we conclude that for optimal glycemic
control, policymakers in healthcare should provide
suitable conditions for implementing educational
interventions, take meaningful steps in the direction of
empowering the children and their families' knowledge
and awareness of glycemic control, and provide financial
incentives to enhance access to the state-of-the-art
devices for both BS measurement and Insulin injections,
including, for example, CGM (continuous glucose
monitoring).

This study was approved by the Kerman University of
Medical Sciences Ethics Committee
(IR.KMU.AH.REC.1400.028). Furthermore, the patient's
legal guardians provided written informed consent for
participation.

References

1. Ngwiri T, Were F, Predieri B, Ngugi P, Iughetti L.
Glycemic control in Kenyan children and adolescents with
type 1  diabetes
2015;2015(1)761759.

2. McLarty RP, Alloyce JP, Chitema GG, Msuya LIJ.
Glycemic control, associated factors, acute complications

mellitus. Int J  Endocrinol

of Type 1 Diabetes Mellitus in children, adolescents and
young adults in Tanzania. Endocrinol Diabetes Metab
2021;44(2):€00200.

3. Djonou C, Tankeu AT, Dehayem MY, Tcheutchoua DN,
Mbanya JC, Sobngwi E. Glycemic control and correlates
in a group of sub Saharan type 1 diabetes adolescents.
BMC Res Notes 2019;12:1-5.

4. Gebreyohannes EA, Netere AK, Belachew SA. Glycemic
control among diabetic patients in Ethiopia: a systematic
review and meta-analysis. PLoS One 2019;14:¢0221790.

5. Silva-Tinoco R, Cuatecontzi-Xochitiotzi T, De la Torre-
Saldafia V, Ledn-Garcia E, Serna-Alvarado J, Orea-Tejeda
A, et al. Influence of social determinants, diabetes
knowledge, health behaviors, and glycemic control in type
2 diabetes: an analysis from real-world evidence. BMC
Endocr Disord 2020;20:1-11.

6.  McKnight J, Wild S, Lamb M, Cooper M, Jones T, Davis



10.

11.

12.

13.

14.

E, et al. Glycaemic control of Type 1 diabetes in clinical
practice early in the 2Ist century: an international
comparison. Diabet Med 2015;32:1036-50.

Imran SA, Agarwal G, Bajaj HS, Ross S, Committee
DCCPGE. Targets for glycemic control. Can J Diabetes
2018;42:542-S6.

Mohammad HA, Farghaly HS, Metwalley KA, Monazea
EM, Abd El-Hafeez HA. Predictors of glycemic control in
children with Type 1 diabetes mellitus in Assiut-Egypt.
Indian J Endocrinol Metab 2012;16:796-802.

Gerstl E-M, Rabl W, Rosenbauer J, Grobe H, Hofer SE,
Krause U, Holl R. Metabolic control as reflectet by HbAlc
in children, adolescents and young adults with type-1
diabetes mellitus: combined longitudinal analysis
including 27,035 patients from 207 centers in Germany and
Austria during the last decade. Eur J Pediatr 2008;167:447-
53.

Hood KK, Peterson CM, Rohan JM, Drotar D. Association
between adherence and glycemic control in pediatric type
1 diabetes: a meta-analysis. Pediatrics 2009;124:e1171-9.
Habteyohans BD, Hailu BS, Meseret F, Mohammed A,
Berhanu Y, Alemu A, et al. Poor glycemic control and its
associated factors among children with type 1 diabetes
mellitus in Harar, eastern Ethiopia: A cross-sectional
study. BMC Endocr Disord 2023;23:208.

Kidie AA, Ayal BG, Ayele T, Fentie EA, Lakew AM. Poor
glycemic control and associated factors among pediatric
diabetes mellitus patients in northwest Ethiopia, 2020:
facility-based cross sectional retrospective study design.
Sci Rep 2022;12:15664.

Abrahim AM, Tilahun T, Gelana B. Glycemic Control and
Associated Factors Among Children and Adolescents with
Type 1 Diabetes Mellitus, Southwest Ethiopia. Diabetes
Metab Syndr Obes 2023;31:2025-37.

Archinkova M, Konstantinova M, Savova R, Iotova V,
Petrova C, Kaleva N, et al. Glycaemic control among
Bulgarian children and adolescents with type 1 diabetes—
an impact of the social status and the educational level of
the parents. Biotechnol Biotechnol Equip 2018;32:535-41.
Secrest AM, Costacou T, Gutelius B, Miller RG, Songer
TJ, Orchard TJ. Associations between socioeconomic
status and major complications in type 1 diabetes: the
Pittsburgh epidemiology of Diabetes complication (EDC)
Study. Ann Epidemiol 2011;21:374-81.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

E. Maleki, et al.

Collier A, Ghosh S, Hair M, Waugh N. Impact of
socioeconomic status and gender on glycaemic control,
cardiovascular risk factors and diabetes complications in
type 1 and 2 diabetes: a population based analysis from a
Scottish region. Diabetes Metab 2015;41:145-51.
Pirdehghan A, Razavi Z, Rajabi R. Evaluation of the
factors influencing diabetic control among adolescents
with type 1 diabetes. Avicenna J Clin Med 2020;26:227-
33.

Nielsen NF, Gaulke A, Eriksen TM, Svensson J, Skipper
N. Socioeconomic inequality in metabolic control among
children with type 1 diabetes: a nationwide longitudinal
study of 4,079 Danish Diabetes
2019;42:1398-405.

Huo L, Deng W, Shaw JE, Magliano DJ, Zhang P,
McGuire HC, et al. Factors associated with glycemic

children. Care

control in type 1 diabetes patients in China: a cross-
sectional study. J Diabetes Investig 2020;11:1575-82.
Andrade CS, Ribeiro GS, Santos CAST, Neves RCS,
Moreira ED. Factors associated with high levels of
glycated haemoglobin in patients with type 1 diabetes: a
multicentre study in Brazil. BMJ Open 2017;7:¢018094.
Quirk H, Blake H, Tennyson R, Randell T, Glazebrook C.
Physical activity interventions in children and young
people with type 1 diabetes mellitus: a systematic review
with meta-analysis. Diabet Med 2014;31:1163-73.

Bohn B, Herbst A, Pfeifer M, Krakow D, Zimny S, Kopp
F, et al. Impact of physical activity on glycemic control and
prevalence of cardiovascular risk factors in adults with
type 1 diabetes: a cross-sectional multicenter study of
18,028 patients. Diabetes Care 2015;38:1536-43.

Travis K, Jones A, Lyons S, Desalvo DJ. Association
between glycemic control and visits with diabetes care
team in youth with type 1 diabetes. Diabetes 2018;67:743.
Shulman R, Palmert MR, Daneman D. Glycemic control in
Brazilian youth with type 1 diabetes. J Pediatr (Rio J)
2009;85:467-8.

Cutfield SW, Derraik JG, Reed PW, Hofman PL, Jefferies
C, Cutfield WS. Early markers of glycaemic control in
children with type 1 diabetes mellitus. PLoS One
2011;6:¢25251.

Razavi Z, Kaviani E, Fredmal J. Glycosylated hemoglobin
and related factors in children with type 1 diabetes mellitus
under 20 years of age. Acta Med Iran 2018;56:516-21.

Acta Medica Iranica, Vol. 64, No. 5 (2026) 279



