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Background. Achieving adequate metabolic control in children with type 1 diabetes is important in slowing the progression of
future microvascular and macrovascular complications, but still it is a universal challenge. We aim to investigate possible factors
associated with poor metabolic outcomes in Jordan as an example of a country with limited resources. Methods. This is a
retrospective chart review study of children with type 1 diabetes. Several clinical and personal characteristics were tested for
association with metabolic control reflected by HbAlc levels. Linear logistic regression analysis was used to evaluate possible
predictors of metabolic control. One-way ANOVA analysis was used to detect significant differences in HbAlc between
categories. Results. Significant predictors of metabolic control were found. A one-year increase in age led to an increase in
HbA1lc by 0.053% (P =0.044). A decline in HbAlc levels was predicted in children who have precise amount of carbohydrates
or who are receiving insulin at school (-0.46% (P =0.014) and -0.82% (P =0.004), respectively). When family members other
than mothers decided the insulin dose, the HbAlc level increased by 0.74% (P = 0.005). Conclusion. Poor metabolic control was
associated with age, dietary noncompliance, not receiving insulin at school, and absence of direct mother care. Our study is one
of the few studies from Middle East evaluating predictors of metabolic control. Global research studies help in giving universal

insight towards developing more effective multidisciplinary team approach for diabetes care and education.

1. Introduction

The Diabetes Control and Complications Trial (DCCT) and
the Epidemiology of Diabetes Interventions and Complica-
tions (EDIC) study showed that the progression of microvas-
cular complications including retinopathy, nephropathy, and
neuropathy can be reduced by strict glycemic control [1].
HbAIlc levels less than 7.5% (58.5mmol/mol) are recom-
mended to reduce future complications according to the
International Society for Pediatric and Adolescent Diabetes
(ISPAD) Clinical Practice Consensus Guidelines in 2014
[2]. Achieving adequate metabolic control requires a multi-
disciplinary team approach that involves the parents and
their children [3, 4]. Despite these recommendations, several
studies showed that most of children and adolescents with
type 1 diabetes did not achieve target HbAlc levels of less
than 7.5% [5-7]. Keeping blood glucose levels under control

becomes more difficult as children grow older due to the
influence of pubertal hormones and the decline of self-care
practices [8]. Possible predictors of glycemic control were
previously studied, including demographic factors such as
age [9], age at diagnosis [10], and socioeconomic status
[11], to name a few. Diabetes-related characteristics were also
evaluated and found to be associated with metabolic control,
including disease duration [12], parental attitude and
involvement [13], and frequency of blood glucose self-
monitoring [14]. In order to reduce adulthood diabetes-
related complications, it is important to identify children
with poor metabolic control risk factors, address modifiable
factors, specially those related to diabetes care, and focus on
children with nonmodifiable risk factors. The paucity of
studies that evaluate predictors of metabolic control from
the developing countries [6, 15-18], the cultural differences
in terms of beliefs and preferences, and the availability of
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healthcare resources probably influence the metabolic con-
trol of diabetes and collectively underscore the importance
of performing such studies in individual populations in
order to develop strategies for improvement. The aim of this
study is to identify possible personal and clinical predictors
of glycemic control in children with type 1 diabetes in the
understudied Jordanian population and to examine differ-
ences in glycemic control expressed as HbA1c levels between
different groups.

2. Methods

The present study is a descriptive and retrospective cohort
study of children with T1IDM followed at the pediatric endo-
crine clinics in two institutions: Jordan University Hospital
(JUH) and the National Centre for Diabetes, Endocrinology
and Genetics (NCDEG). An ethical approval was obtained
from the Institutional Review Boards (IRB) of both institu-
tions and was conducted in accordance with the Declaration
of Helsinki.

Data were collected by reviewing medical records using a
chart checklist form. Patients were eligible for the study if
they were younger than 18 years of age and had type 1 diabe-
tes with at least one year of follow-up. Two hundred and
seventy-four medical records were reviewed; eleven cases
were excluded due to relevant data being missing, and thus,
the final count of participants became 263. For each partici-
pant, the mean HbAlc from the most recent year of follow-
up was categorized into <7.5%, 7.5-9%, and >9%, reflecting
optimal, suboptimal, and poor metabolic control, respec-
tively (ISPAD Clinical Practice Consensus Guidelines 2014)
[2]. HbAlc was measured by the Bio-Rad D-10™ Dual Pro-
gram using ion-exchange high-performance liquid chroma-
tography, with a normal reference range of 4.2-6.2%.

Several independent demographic and clinical factors
were analyzed as possible predictors of glycemic control.
For the comparison, the age at acquisition of data and dura-
tion of diabetes were classified into groups aligned to other
studies [10, 19, 20]. Age at diagnosis, gender, calculated body
mass index (BMI) SDS in the latest clinic visit, and presence
of any comorbidity (including autoimmune thyroiditis and
celiac disease) were included in the study. Diabetes care-
related factors were also analyzed including dietary compli-
ance as reflected by counting carbohydrates, whether insulin
is taken at school, who is the caregiver deciding on the insulin
doses, frequency of self-monitoring blood glucose (SMBG),
the number of diabetes clinic visits during the latest year of
study, and the insulin regimen during the last year of
follow-up. A change in insulin regimen—at any time after
the diagnosis of diabetes—from two or three injections of
insulin per day to a basal-bolus injection regimen or from
any injection regimen to an insulin pump, was considered
an upgrade. Academic achievement was assessed in terms
of school grades rated out of 100.

2.1. Statistical Analysis. Statistical analysis was performed
using IBM SPSS Statistics for Windows, version 23 (IBM
Corp., Armonk, N.Y., USA). Categorical data were compared
using Pearson Chi-Square and Fisher’s exact test. The com-
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parison of continuous variables among groups was con-
ducted using one-way ANOVA. The Scheffe post hoc
analysis was used to identify the groups that were signifi-
cantly different from each other. Possible predictors of poor
metabolic control were analyzed using linear logistic regres-
sion (backward method). P values less than 0.05 were consid-
ered statistically significant.

3. Results

The characteristics of the 263 participants who fulfilled the
inclusion criteria are shown in Table 1. The mean age of
participants was 11.1 + 3.7 years, with a mean duration of
diabetes of 3.8 +2.4 years. The mean HbAlc was 8.7% +
1.5. Fifty-five patients (20.9%) achieved adequate metabolic
control (HbAlc < 7.5%).

Differences in HbAlc levels were evaluated among vari-
ous subgroups (Table 2). Post hoc analysis was used to deter-
mine significant differences between different categories.
Older children (10-15 years, >15 years) had significantly
higher HbA1c values than younger children between 5 and
10 years old (P=0.007 and 0.015, respectively). Children
with higher school grades (90-100) had significantly lower
HbAlc values than those with lower grades (<80 and 80-
90) with P values = 0.026 and 0.027, respectively. Glycemic
control is better when the dose of insulin is determined either
by the mother or by the diabetic child; HbAlc levels were sig-
nificantly lower in the group of children under their mothers’
direct care compared to those who have caregivers other than
their mothers deciding their insulin doses. Children who do
not receive insulin at school have significantly higher HbAlc
values than those who do (P value = 0.020).

The linear regression analysis model used to predict met-
abolic control (Table 3) revealed that current age, dietary
compliance reflected by counting carbohydrates, taking insu-
lin injections at school, academic achievement, and the per-
son who decides the insulin dose were predictors of HbAlc
levels. Every one-year increase in age resulted in a 0.065%
increase in HbAlc. Counting carbohydrates led to a decline
in HbAlc by 0.503%, and receiving insulin at school led to
a decrease in HbA1c by 0.743%. The HbAlc levels of children
who had their insulin doses determined by caregivers other
than their mothers were significantly increased by 0.58%.
Children with high school grades had a decrease in HbAlc
by 0.353% compared to children with low school marks; fifty
percent of these children were 10 years of age or older.

4. Discussion

Overall, our study shows that optimal metabolic control as
reflected by HbAlc < 7.5% is achieved in 20.9% of patients,
which is similar to results from other studies done in devel-
oped countries [21, 22]. Gender is not associated with the
metabolic control similar to what was indicated by a meta-
analytic study [23]. Age correlates with HbA1c levels, starting
from age group 5-10 years, as age increases so does the
HbAlc. The oldest age group has a significant reduction in
glycemic control which can be explained by hormonal
changes and decline in parental supervision over different
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TaBLE 1: General characteristics of participants (N = 263).

Variables N (%) Variables N (%)
Gender (male) 145 (55.1%) Current HbAlc

Duration of diabetes <7.5% 55 (20.9%)
<5 years 218 (82.9%) 7.5%-9.0% 101 (38.4%)
>5 years 45 (17.1%) >9.0% 107 (40.7%)
Current age groups (years) Counts of carbohydrates

<5 19 (7.2%) Yes 88 (33.5%)
>5-10 88 (33.5%) No 175 (66.5%)
>10-15 117 (44.5%) Who decides insulin dose

>15 39 (14.8%) Mother 225 (85.6%)
First insulin regimen Father 28 (10.6%)
MDI 86 (32.7%) Patient himself/herself 8 (3%)
TDI 177 (67.3%) Sibling 1 (0.4%)
DKA as first presentation Grandmother 1 (0.4%)
Yes 102 (38.8%) Receive insulin at school

No 161 (61.2%) Yes 206 (78.3%)
Current insulin regimen No 26 (9.9%)
MDI 177 (67.3%) Do not attend school 31 (11.8%)
TDI 84 (31.9%) Age at diagnosis (years)

Pump 2 (0.8%) <6 102 (38.8%)
Upgraded insulin regimen >6-14 156 (59.3%)
Yes 96 (36.5%) >14 5(1.9%)
No 167 (63.5%)

Other comorbidities

Celiac 26 (9.9%)

Hypothyroidism 6 (2.3%)

Celiac and hypothyroidism 1 (0.4%)

Others 5(1.9%)

None 225 (85.6%)

clinical aspects of diabetes care in the adolescents [24]. Sim-
ilar to other reports, the longer the duration of diabetes, the
lower the metabolic control becomes [19]. In this study, age
at diagnosis is not associated with HbA1c levels and thus is
not a predictor of metabolic control, unlike a previous study
where older age at diagnosis was a risk factor for reduced gly-
cemic control [10]. The frequency of celiac disease is lower
than in a study conducted in Saudi Arabia [16]. Being over-
weight is a significant predictor of poor glycemic control.
The correlation between BMI and metabolic control was con-
troversial in several studies [13, 25]. Despite the difficulty in
determining causality due to the retrospective nature of our
study, we anticipate that dietary noncompliance is a major
factor. Patients with higher school grades have significantly
lower HbA ¢ values than those with lower grades. High aca-
demic achievement may reflect the individual’s competency
in dealing with diabetes care and hence better metabolic con-
trol [26]. On the other hand, having adequate metabolic con-
trol with less blood glucose fluctuation may reflect better
school performance [27].

Frequent clinic visits in our study are associated with
poor metabolic control which may be explained by the need

of closer monitoring and follow-up of these children [24].
Other studies showed that a fewer clinic visits were associated
with poor metabolic control and older children had a lower
number of visits [28]. The type of insulin regimen has no
association with metabolic control; similar conclusions were
present in other studies [29-31]. The type and amount of car-
bohydrates determine the postprandial glucose [32], dietary
compliance in this study is reflected by counting carbohy-
drates, and hence, the determination of the appropriate dose
of insulin is significantly associated with better metabolic
control. Counting carbohydrates improved glycemic control
which may be linked to more insulin injections, in addition
to giving the appropriately needed insulin dose [33, 34]. Con-
suming carbohydrates at school without insulin is a predictor
of poor glycemic control; this finding is expected since only
7.3% of the participants receive insulin injections at school.
This raises the issue of optimal management of diabetes at
school and overcoming different barriers; limited support at
school would deprive children from the needed insulin injec-
tions at recess time [35]. Younger children who cannot man-
age their diabetes effectively need more support at school
than older children and adolescents, who can manage their
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TasLE 2: Differences in HbAlc levels among categories of different personal characteristics.

Variables Mean HbAlc  Pvalues  Variables Mean HbAlc P values
Gender 0.817 Receive insulin at school 0.007
Female 8.72% Yes 8.89%

Male 8.76% No 8.03%

Current age groups (years) 0.001 Do not attend school 8.38%

<5 8.33% Other comorbidities 0.582
>5-10 8.29% Celiac 8.82%

>10-15 9.00% Hypothyroidism 7.74%

>15 9.19% Celiac and hypothyroidism 8.80%

DKA as first presentation 0.365 Others 8.81%

Yes 8.85% None 8.76%

No 8.68% Who decides insulin dose 0.006
First insulin regimen at diagnosis 0.002 Mother 8.61%

MDI* 8.34% Patient himself/herself 9.28%

TID* 8.94% Others 9.37%

Current insulin regimen 0.432 Number of daily glucose testing in last year 0.052
TID* 8.79% <4 8.82%

MDI* 8.74% >4 8.34%

Pump 7.43% Count of carbohydrates 0.004
Age at diagnosis (years) 0.145 Yes 8.38%

<6 8.53% No 8.93%

>6-14 8.87%

>14 9.26%

School grades 0.002

<80 9.48%

80-90 9.04%

90-100 8.45%

None®™ 8.48%

*Multiple dose insulin regimen. *Triple dose insulin regimen. “>56% of these children were below school age (1-4.9 years). The rest were in the age group 5-9.9

years.

diabetes [36]. An important predictor of metabolic control is
the caregiver who decides the insulin doses. Compared to
mothers, other family members are not as successful in
achieving good metabolic control since HbAlc increased by
0.736%. There is no significant difference in HbAlc between
children who determined their own insulin dose and those
whose insulin doses were determined by their mothers. Sev-
eral studies have shown that a mother’s knowledge and edu-
cation played an important role in glycemic control and
mothers with more knowledge of diabetes and better educa-
tion maintained better glycemic control for their children
[37]. This is because mothers are usually the primary care-
givers conducting coordination and execution of the child’s
diabetes care plan with the medical team [38].

Contrary to what we expected, there is no significant cor-
relation between the increased frequency of self-monitoring
blood glucose (SMBG) and optimal metabolic control, a clear
difference from previous reports [14, 39]. The retrospective
nature of this study may have contributed to the lack of a sta-
tistical significance (P value was marginal: 0.052), and hence,
we hypothesize that there would be a significant correlation

in a future prospective study with a larger sample size. We
anticipate that poor compliance for frequent testing of blood
glucose is influenced by partial insurance coverage of blood
glucose test strips in Jordan and continuous blood glucose
sensors are not covered, at all. Other causes for infrequent
testing may be behavioral including negligence of testing
blood glucose.

To our knowledge, this is the first study to evaluate
possible predictors of metabolic control in children with type
1 diabetes in Jordan and is probably among the few studies
done in Middle East. It is important to study these factors
in developing countries where resources are limited. The
fact that there is a universal challenge in achieving optimal
metabolic control, in addition to the comparable glycemic
control achieved in our Jordanian cohort that resembles
one of developing countries with limited health resources
[21, 22], delineates the need for global cooperation in setting
universal guidelines and developing more effective multidis-
ciplinary diabetes care teams’ strategies and better diabetes
care education with individualized approach for high-risk
patients. Having a registry in each country would help
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TaBLE 3: Linear regression analysis for possible predictors of HbAlc levels.
Variables Univariate linear regression Multivariate linear regression*
B 95% CI P value B° 95% CI P value

Age 0.097 0.049-0.145 <0.001 0.065 0.014-0.116 0.013
Duration of diabetes 0.095 0.020-0.170 0.013

BMI 0.073 0.022-0.124 0.005

Gender

Male?

Female -0.043% -0.0405-0.320 0.817

DKA as presentation

Yes?

No -0.170%  -0.0540-0.199 0.36

Counts of carbohydrates

No?

Yes -0.549 -0.925 to -0.173 0.004 -0.503 -0.870 to -0.135 0.008
Number of clinic visits during last year of follow-up

<4?

>4 0.328 -0.034-0.690 0.075 0.381 0.039-0.723 0.029
School grades 0.002

<80

80-90 -0.439% -1.116-0.238 0.203

90-100 -1.034% -1.697 to -0.371 0.002 -0.353% -0.698 to -0.009 0.044
None -1.002% -1.782 to -0.222 0.012

Receive insulin at school 0.007

Yes?

No -0.855% -1.453 to -0.240 0.005 -0.743% -1.310 to -0.176 0.010
Children who do not attend school -0.505% -1.059-0.049 0.074

Who decided insulin dose 0.006

Mother?

Patient himself/herself 0.675 -0.360-1.709 0.200

Others 0.760 0.271-1.250 0.002 0.580 0.075-1.085 0.024
Current insulin regimen 0.432

TID*?

MDI* -0.057 -0.444-0.330 0.772

Pump -1.369 -3.458-0.720 0.198

¥The model had a P value < 0.001, F=6.765, and R> =0.157. *Triple dose insulin regimen. *Multiple dose insulin regimen. *Unstandardized coefficient.
PReference group. “Negative values of B coefficients represent values of HbAlc lower than those of the reference group.

future governmental policies in allocating the proper finan-
cial resources on the basis of cost-effective approaches that
prevent the cost-prohibitive care ascribed to microvascular
and macrovascular diabetes complications.

The limitations of the study include the small sample size
and the fact that this study was conducted in two centers in
the capital city Amman, both providing superior supervision
by medical teams that consist of specialized physicians, dieti-
cians, and registered nurses. Although these centers serve
patients referred from different parts of Jordan, more com-
prehensive prospective studies involving different geograph-
ical areas are needed to provide a precise insight into possible
predictors and different associations between personal char-
acteristics and metabolic control.

5. Conclusion

This study shows that an increase in age of children with
type 1 diabetes is associated with deterioration of metabolic
control. Dietary compliance and receiving insulin at school
lead to reduced HbAlc levels. More attention must be paid
to educate mothers and children on counting carbohy-
drates and to provide support for diabetic children at
schools to help them better adhere to their insulin require-
ments. Mothers are more capable of deciding appropriate
insulin doses than other family members. Children who
cannot manage their diabetes effectively on their own and
have to get the help from family members (other than their
mothers) must be paid more attention. Involving these



family members in the care plan with appropriate educa-
tion and knowledge until the child can reach an age where
he/she can manage diabetes effectively is essential.
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