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ABSTRACT

بداء  المصابين  السعوديين  والمراهقين  للأطفال  المعرفي  الأداء  دراسة  الأهداف: 
السكري من النوع الأول )T1DM( مقارنة بمجموعات المراقبة المتطابقة.

 32 T1DMو  مريضا   32( مشاركا   64 على  الدراسة  اشتملت  المنهجية: 
شخص من مجموعة التحكم(، متطابقين مع العمر والجنس والعرق والتعليم 
»بطارية  باستخدام  المعرفية  الوظائف  فحص  أجرينا  الجسم.  كتلة  ومؤشر 
كامبريدج الآلية للاختبار النفسي العصبي« الموثوقة للغاية والصالحة. أجرينا 
كذلك اختبار مهمة تبديل الانتباه )AST( واختبار وقت رد الفعل الاختياري 

)CRT( لتقييم الوظائف المعرفية.

النتائج: كلًا من معلمات الاختبار المعرفي AST متوسط الكمون الصحيح، 
AST متوسط الكمون الصحيح )متطابق(، AST متوسط الكمون الصحيح 
)غير متطابق(، و CRT متوسط الكمون الصحيح قد تأخرت بشكل ملحوظ 
علاوة   .)p<0.0001( الضابطة  بمجموعتهم  مقارنة   T1DM مجموعة  في 
الاختبار  معلمات  في  بكثير  أفضل  الضابطة  المجموعة  أداء  كان  ذلك،  على 
مرض  من  يعانون  الذين  والمراهقين  بالأطفال  مقارنة   CRT و   AST المعرفي 
A1c (HbA1C) p<0.01 أكثر من  الهيموجلوبين  T1DM مع مجموعة 

أو يساوي 8%.

الذين  والمراهقين  الأطفال  لدى  المعرفي  الأداء  تأخر  النتائج  أظهرت  الخلاصة: 
يعانون من T1DM. الأهم من ذلك، أن ارتفاع مستويات HbA1C ومدة 
الحالية  الدراسة  نتائج  تسلط  الإدراكية.  الوظائف  بانخفاض  ارتبطت  المرض 
الضوء على أهمية التحكم بنسبة السكر في الدم لدى الأطفال والمراهقين الذين 
يعانون من T1DM. يمكن أن تدعم النتائج الأطباء وصانعي السياسات ليس 
فقط لمنع مضاعفات الأوعية الدموية الدقيقة ولكن أيضًا للتخفيف من العجز 
الإدراكي المحتمل بين الأطفال والمراهقين المصابين بداء السكري من النوع الأول.

Objectives: To investigate the cognitive performance 
of Saudi children and adolescents with type 1 diabetes 
mellitus (T1DM) compared to matched control 
groups.

Methods: A total of 64 participants (32 T1DM patients 
and 32 control), matched with age, gender, ethnicity, 
education, and body mass index were recruited. 
Cognitive functions were investigated using a highly 
reliable and valid “Cambridge neuropsychological 
test automated battery”. The attention switching 
task (AST) and choice reaction time (CRT) test 
were carried out to evaluate the cognitive functions.

Original Article

Results: The cognitive test parameters AST mean 
correct latency, AST mean correct latency (congruent), 
AST mean correct latency (incongruent), and CRT 
mean correct latency were significantly delayed 
in the T1DM group compared to their control 
group (p<0.0001). Moreover, the control group did 
significantly better on the cognitive test parameters 
AST and CRT than the T1DM children and 
adolescents with hemoglobin A1c (HbA1C) ≥8% 
group (p<0.01).

Conclusion: The findings demonstrate a delay 
in cognitive performance among children and 
adolescents with T1DM. Importantly, elevated 
HbA1C levels and duration of disease were associated 
with reduced cognitive functions. The present study 
findings highlight the importance of stringent 
glycemic management in children and adolescents 
with T1DM. The findings can support physicians 
and policymakers not only to prevent microvascular 
complications but also to mitigate potential cognitive 
deficits among children and adolescents with T1DM.
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function, HbA1C
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Diabetes mellitus (DM) is the most common chronic 
debilitating disease of all age groups, both genders, 

urban and rural regions, and developing and developed 
nations. The epidemiological literature highlights 
the global rising trends in the incidence of DM.1 
Worldwide approximately 537 million, 10.5% of the 
population are suffering from diabetes and almost half 
are unaware that they are living with this condition. The 
International Diabetes Federation (IDF) highlights that 
the epidemiology of diabetes will rise by approximately 
643 million in the year 2030, and 783 million by the 
year 2045, of these diabetic patients 3 in 4 live in low 
and middle-income countries.2

Approximately 90% of these diabetic patients have 
type 2 diabetes mellitus (T2DM) and 9% have type 
1 diabetes mellitus (T1DM). Type 1 diabetes mellitus 
is the most frequent type of diabetes in children and 
youth in recent years. It is an autoimmune disease due 
to the destruction of pancreatic beta cells. Its patients 
require life-long insulin therapy.3

There are multiple factors which can affect the 
incidence of T1DM such as age, gender, ethnicity, 
geographic, and seasonal characteristics. Every year, there 
is an increase of approximately 3-5% in the incidence, 
the younger children experiencing the greatest rise in 
the incidence of T1DM.4,5 The epidemiological trends 
of T1DM are variable at national, regional, and global 
levels. However, in some countries, the incidence of 
T1DM is rapidly rising. The top 10 countries for the 
incidence rate per 100,000 population per annum of 
T1DM are Finland (52.2%), Sweden (44.1%), Kuwait 
(41.7%), Qatar (38.1%), Canada (37.9%), Algeria 
(34.8%), Norway (33.6%), Saudi Arabia (31.4%), 
United Kingdom (28.1%), and Ireland (27.5%).2

Worldwide, people have great concerns regarding 
the rising prevalence and complications of DM. The 
most recent literature highlights the impact of DM 
on the nervous system, including cognitive function 
impairment.6-8 The cognitive functions understanding 
among children is highly essential for the parents and 
educators to support the children for their development 
across the multiple domains. By recognizing the intricate 
processes underlying perception, attention, memory, 
executive functions, critical thinking, and social 
cognition, parents and educators can create enriching 
environments that nurture children’s intellectual, 
emotional, and social growth. This study aims to 

investigate the cognitive performance of children and 
adolescents with T1DM compared to matched control 
groups and the impact of hemoglobin A1c (HbA1C) 
and duration of diabetes.

Methods. The present matched, case-control, and 
cross-sectional study was carried out in the Physiology 
Department and University Diabetes Centre, College of 
Medicine, King Saud University, Riyadh, Saudi Arabia, 
during the period November 2023 to March 2024.

In this study, we employed convenience sampling, 
for recruiting the children and adolescents with T1DM, 
who had visited the Diabetes Unit at King Saud 
University Hospitals, Riyadh, Saudi Arabia. School-
going Saudi children and adolescents with an age range 
between or equal to 11-18 years, clinically diagnosed 
with T1DM were recruited. The patients were younger 
than 11 or older than 18; any clinical history of mental 
illness, dizziness, sleep deprivation, visual problems, 
physical disability, type 2 diabetic patients; individuals 
diagnosed with psychiatric disorders, heart diseases, 
known neuropathy, retinopathy, cerebrovascular 
diseases; and patients who smoked cigarettes or shisha 
were excluded from the study.9 The T1DM group was 
matched with the control group for the same age, gender, 
ethnicity, weight, height, body mass index (BMI), and 
level of education, to achieve the appropriate study 
outcomes for cognitive functions and minimize the 
study bias factors. All the children in the control group 
were free from any chronic illnesses such as DM and 
cardiovascular or neurological disorders.

The ethical committee, institutional review board, 
College of Medicine, King Saud University, Riyadh, 
Saudi Arabia, approved the study (Ref# 23/0854/IRB). 
The parents of the children were fully briefed regarding 
the test and upon their acceptance to participate in 
the study, an informed written consent was obtained 
from the children as well. After administering the 
test, the patient’s hospital file number was recorded to 
extract relevant information from the hospital records 
later. However, this information was kept completely 
confidential and only the individuals extracting the 
data had access to it. No identifiable information was 
recorded or presented in any shared files.

All the data (age, gender, height, weight, BMI, 
HbA1C, and duration of diabetes) regarding the T1DM 
patient was collected from patient electronic records. 
Each patient was assigned a code, and no identifying 
information was disclosed. For HbA1C, we extracted 
the previous 2 years’ values and got an average for 
everyone. Hemoglobin A1c was further categorized into 
2 groups: HbA1C <8% and HbA1C ≥8%; duration of 

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company.
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diabetes was categorized into 3 groups less than 5 years, 
5-10 years, and more than 10 years.

The cognitive functions test was carried out using 
the Cambridge neuropsychological test automated 
battery (CANTAB). The CANTAB is a computer-based 
tool used for assessing cognitive functions and has a 
wide range of tests for different cognitive domains. The 
tasks are often non-verbal and typically involve simple 
interactions with a touchscreen computer. All study 
participants were seated comfortably in a chair with 
the computer in front of them on the table. They were 
informed the tests will take 15-20 minutes. Everyone 
was provided with an initial explanation of the test 
procedure. The script provided in the administrative 
CANTAB guide was used for this test.10 The instructions 
were repeated if needed, and once the individual was 
ready, they were asked to begin the test. The following 
tests were chosen for our study: I) attention switching 
task (AST, this test assesses cognitive flexibility). 
Response time and errors in cued switching trials were 
measured providing robust outcome measures.10 The 
test parameters, including “AST mean correct latency, 
AST mean correct latency (congruent), and AST 
mean correct latency (incongruent), were recorded; 
II) choice reaction time (CRT, this test measures the 
speed of response in a simple 2-choice model). The test 
parameter CRT mean correct latency was recorded.

Statistical analysis. All statistical tests were carried 
out on the Statistical Package for the Social Sciences, 
version 29 (IBM Corp., Armonk, NY, USA). 
Descriptive analysis was carried out and continuous 
variables were reported as mean ± standard deviation 
(SD) while categorical variables were expressed in 
frequency and percentages (%). We then employed the 

2-independent sample t-test to compare the variances 
between diabetic and control groups with cognitive 
functions. The same test was also used in the stratified 
analysis, namely, duration of diabetes and HbA1c 
levels with the cognitive tests. A p-value of <0.05 was 
considered significant.

Results. In our study, we had a total of 64 participants 
32 T1DM patients (17 males and 15 females) and 
32 control (17 males and 15 females). Each diabetic 
patient was matched to an individual in the control 
group according to age, height, weight, and BMI 
(Table 1). The mean age of our cases was 14.77 years and 
the mean BMI was 23.68kg/m2. Approximately 53.3% 
of the group was male and 46.7% were females. The 
mean HbA1C of the diabetic group was 9.6%. Most 
of our patients (62.5%) had diabetes for 5-10 years 
(Table 1).

In this study, we compared the different parameters 
of the 2 tests between the diabetic and the control groups 
(Table 2). The mean values for the AST parameters 
(mean correct latency, mean correct latency-congruent, 
and mean correct latency-incongruent) and CRT (mean 
correct latency) were significantly delayed in the T1DM 
group compared to the control group (p<0.001).

In this study, we categorized the T1DM patients 
based on the HbA1C levels into 2 groups with one 
group having HbA1C levels less than 8% and the 
other group having equal to or more than 8% HbA1C. 
We compared each group to their matched control 
(Table 3). For HbA1C <8%, all AST parameters were 
significantly delayed in the T1DM group compared 
to their control group (p<0.01). However, the CRT 
test was insignificant (p=0.287), showing that the test 

Table 1 -	 Descriptive analysis of children and adolescents with type 1 diabetes mellitus and control group.

Variables Control group (n=32) T1DM group (n=32) P-values

Age (years) 15.23±1.46 14.77±1.14 0.17
Height (cm) 163.85±8.47 163.37±8.66 0.83
Weight (kg) 64.04±15.64 63.52±13.76 0.89
BMI (kg/m2) 23.64±4.26 23.68±4.24 0.98
HbA1C (%) -- 9.6±2.20 --
Gender 

Male
Female

17 (53.3)
15 (46.7)

17 (53.3)
15 (46.7)

--
--

Duration of T1DM (years)
>5 years
5-10 years
>10 years

--
--
--

9 (28.1)
20 (62.5)
3 (9.4)

--
--
--

Values are presented as mean ± standard deviation (SD) or numbers and percentages (%). T1DM: type 1 diabetes mellitus, 
BMI: body mass index, HbA1C: hemoglobin A1C
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results were not different between the diabetic and 
control groups for CRT. For HbA1C ≥8%, for all the 
parameters of both tests (AST and CRT), the control 
group did significantly better on the tests compared 
to the diabetic group (p<0.01) as seen in Table 3. The 
results revealed that the cognitive functions significantly 
declined among patients with T1DM compared to their 
matched control group.

For the duration of the T1DM disease, we had 
3 categories. For each category, the results for diabetic 
patients and their matched controls were analyzed 
(Table 4). Patients who had T1DM for <5 years had a 
significantly decreased performance in all parameters 
of the AST test compared to their peers in the control 
group (p<0.01). Their CRT test performance was not 
significantly changed (Table 4). 

Table 2 -	 Cognitive function tests comparison between type 1 diabetic patients and matched control.

Tests T1DM group Control group P-values

AST mean correct latency (ms) 1007.70±174.79 491.10±148.67 <0.001
AST mean correct latency, congruent (ms) 971.09±182.41 483.60±115.93 <0.001
AST mean correct latency, incongruent (ms) 1046.85±169.06 467.30±141.73 <0.001
CRT mean correct latency (ms) 515.24±111.30 411.77±82.78 <0.001

Values are presented as mean ± standard deviation (SD). T1DM: type 1 diabetes mellitus, AST: attention seeking test, 
CRT: choice reaction time, ms: milliseconds

Table 3 -	 Cognitive function test with type 1 diabetic patients categorized by hemoglobin A1c level and their matched control.

Tests T1DM group Control group P-values

HbA1C <8% (n=9)
AST mean correct latency (ms) 
AST mean correct latency, congruent (ms) 
AST mean correct latency, incongruent (ms) 
CRT mean correct latency (ms)

985.69±186.47
944.37±197.07
1028.81±176.39
476.90±70.97

501.71±170.85
390.71±89.92
528.86±179.23
446.86±118.04

<0.001
<0.001
<0.001
0.287

HbA1C ≥8% (n=23)
AST mean correct latency (ms) 
AST mean correct latency, congruent (ms) 
AST mean correct latency, incongruent (ms) 
CRT mean correct latency (ms)

1014.01±179.00
978.10±185.78
1052.83±174.45
533.63±120.82

485.14±148.17
509.18±111.03
445.09±128.93
398.86±69.48

<0.001
<0.001
<0.001
<0.001

Values are presented as mean ± standard deviation (SD). T1DM: type 1 diabetes mellitus, HbA1C: hemoglobin A1C, AST: attention seeking test, 
CRT: choice reaction time, ms: milliseconds

Table 4 -	 Cognitive function test with type 1 diabetic patients categorized by duration of diabetes and their matched controls.

Duration of T1DM T1DM group Control group P-values

<5 years (n=9)
AST mean correct latency (ms) 
AST mean correct latency, congruent (ms) 
AST mean correct latency, incongruent (ms) 
CRT mean correct latency (ms)

991.45±125.25
944.71±122.36
1039.03±127.84
462.04±76.06

558.67±171.32
440.56±141.21
496.22±177.89
418.44±105.34

<0.001
<0.001
<0.001
0.373

5-10 years (n=20)
AST mean correct latency (ms) 
AST mean correct latency, congruent (ms) 
AST mean correct latency, incongruent (ms) 
CRT mean correct latency (ms)

983.96±201.96
947.24±208.97
1024.32±197.29
532.17±120.07

454.59±121.28
516.18±90.70
468.00±135.78
418.12±78.50

0.001
0.001
0.001
0.03

>10 years (n=3)
AST mean correct latency (ms) 
AST mean correct latency, congruent (ms) 
AST mean correct latency, incongruent (ms) 
CRT mean correct latency (ms)

1135.60±98.174
1126.26±116.06
1146.00±78.70
546.46±143.91

448.00±201.70
459.67±163.11
379.00±41.24
364.00±37.51

0.006
0.004
0.001
0.101

Values are presented as mean ± standard deviation (SD). T1DM: type 1 diabetes mellitus, AST: attention seeking test, CRT: choice reaction time, 
ms: milliseconds
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Most of the patients had diabetes between 
5-10 years. All these patients’ cognitive performance 
was significantly decreased than the control group 
in all parameters of both tests (AST [p<0.01], CRT 
[p=0.03]). There were only 3 patients in our study who 
had T1DM for more than 10 years. Compared to the 
control group, they all significantly scored lower in all 
the components of the AST test, but their CRT score 
no significant difference was observed in the CRT scores 
(p=0.101, Table 4).

Discussion. Worldwide, DM has high ranking 
importance in global healthcare organizations due 
to its rising prevalence and adopting the shape of 
pandemic-like conditions. Over the decades, the 
scientific literature has been highlighting the various 
complications of DM, however, the cognitive functions 
among school-going children and adolescents were not 
properly investigated. Cognitive dysfunctions have been 
considered as a major comorbidity of DM, which may 
result in a higher risk of hyper and hypoglycemic events. 
The present study established the impact of T1DM on 
cognitive function impairment among school-going 
children and adolescents. The results revealed that 
cognitive functions were reduced among children and 
adolescents with T1DM. Furthermore, high HbA1C 
and duration of diseases also impaired the cognitive 
functions among T1DM compared to their matched 
control. The cognitive performance of children with 
T1DM is reduced compared to their healthy peers. 

This is most probably due to poor metabolic control in 
children with T1DM Which adversely affects cognitive 
functions.11

Similarly, Kálcza-Jánosi et al12 established a link that 
T1DM was associated with delayed performance in 
cognitive domains. Tonoli et al13 reported that T1DM 
causes a decrease in cognitive performance related 
to non-diabetic controls. The findings suggest that 
cognitive function decline was more severe in adults, 
indicating that age and diabetes duration contribute to 
cognitive function impairment. Similarly, in the present 
study, we found that AST mean correct latency, AST 
mean correct latency (congruent), AST mean correct 
latency (incongruent), and CRT mean correct latency, 
were significantly delayed in the T1DM group. 

The literature demonstrates a great harmony from 
the various cross-sectional studies that children and 
adolescents, with T1DM, have cognitive deficits 
compared to normal control subjects.14-16

Over the last decade, the incidence of cognitive 
dysfunction in T1DM patients has been increasing 
and has been recognized as a major comorbidity 
of DM.17 Apart from classical vascular risk factors 
(namely, hypertension, atherosclerosis, micro and 
macroangiopathy), other factors have been involved 
in the pathogenesis of diabetes-related cognitive 
dysfunction. These factors include decreased beta-cell 
function, chronic hyperglycemia, repeated hyper 
and hypoglycemic attacks, vascular dysfunction, 
mitochondrial dysfunction, cerebral ischemia, neuro-

Figure 1 -	Pathophysiological mechanisms of type 1 diabetes mellitus and cognitive function impairment.
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inflammation, and neuronal dysfunction. All these 
factors are involved in the pathogenesis of cognitive 
dysfunction in diabetic patients (Figure 1).17-23

Study strengths & limitations. This study has 
some strengths. First, the study participants were 
matched based on their age, gender, weight, height, 
BMI, ethnicity, and educational and socioeconomic 
status. Second, the study findings are consistent with 
other studies on T1DM. Third, the results support 
the hypothesis that the duration of diseases and poor 
glycemic control was also related to cognitive function 
impairment in individuals with T1DM. There are a 
few limitations of this study. First, it was difficult to 
exclude some confounding factors such as genetics, 
environmental pollution, and more, which may 
influence cognitive function. Second, due to the cross-
sectional design, causality could not be established.

In conclusion, the study findings demonstrate a 
delay in cognitive performance among children and 
adolescents with T1DM. The uncontrolled HbA1C 
and duration of disease were associated with reduced 
cognitive functions. The present study findings 
highlight the importance of stringent glycemic 
management in T1DM. The findings can support 
physicians and policymakers not only to prevent known 
microvascular or macrovascular complications but also 
to mitigate potential cognitive deficits among children 
and adolescents with T1DM. The clinicians must 
advise for cognitive functions assessment with other 
routine examinations, it will support the early diagnosis 
of any abnormal cognitive functions in children and 
young adults with T1DM. Moreover, understanding 
the cognitive functions of school-aged children and 
adolescents is instrumental in fostering comprehensive, 
efficient, and supportive educational environments 
in various cultural contexts. By understanding the 
school-aged children and adolescent’s cognitive 
profile, parents, and educators can implement targeted 
interventions, tailor instruction, and promote academic 
success while nurturing their overall well-being. 
Investing in cognitive function assessments is not merely 
on identifying deficits but on unlocking the potential 
of school-going children and adolescents ensuring 
they succeed academically, socially, and emotionally. 
Addressing the underlying cognitive concerns, parents, 
educators, and health professionals can support T1DM 
children and adolescents in developing confidence and 
a positive attitude towards learning. The prevention 
strategies and disease-modifying therapies can improve 
the long-term cognitive outcomes for children and 
adolescents with T1DM. A better understanding of 
the pathophysiological and molecular mechanisms 

underlying diabetes-related cognitive dysfunction could 
be critical for establishing effective prevention and 
intervention strategies. Further sizeable sample-sized 
studies would be carried out to further investigate 
the association between T1DM, duration of disease, 
glycemic control, and cognitive functions.
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