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Research Article 
Frequency and Risk Factors of Diabetic Retinopathy in Children having 
Type-1 Diabetes Mellitus
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Abstract: Background: Diabetic retinopathy is the most prevalent complication and the primary cause of blindness in people with type 1 
diabetes mellitus. There are two categories of risk factors: modifiable and non-modifiable for development of diabetic retinopathy. 

Objective: To determine the frequency and risk factors of diabetic retinopathy in children having type-1 diabetes mellitus.

Materials and Methods: Children aged 7 to 18 years participated in this cross-sectional study, which was carried out in the National Institute 
of Child Health’s endocrinology department. Clinical, anthropometric, and demographic data of the patients were gathered. To identify diabetic 
retinopathy, a fundus examination involved examining the optic disc, macula, retinal blood vessels, background, and fundus periphery.

Result: With an average age of 14.07±2.82 years, 157 patients were examined. 88(56.1%) were male and 69(43.9%) were female. Average 
HbA1C level was 10.10±2.63%. Total 116(73.9%) patients had diabetic retinopathy, of which 103(88.8%) had mild non-proliferative, 10(8.6%) 
had moderate non-proliferative, 1(0.9%) had severe non-proliferative, and 2(1.7%) had proliferative diabetic retinopathy.  Diabetic retinopathy 
was significantly associated with age group (p=0.025), random blood sugar (p=0.050) and insulin regimen type (p=0.018). Male patients had a 
lower risk of diabetic retinopathy (OR=-0.497, p=0.069). Individuals with age 14 years or less had a lower probability of developing diabetic 
retinopathy (OR=0.437, p=0.027). Patients with High HbA1c had more risk to develop diabetic retinopathy (OR=1.314, p=0.003). Patients on 
basal bolus insulin had a higher risk of developing diabetic retinopathy (OR=2.378, p=0.020).

Conclusion: The results of our investigation showed that a significant portion of the study group had diabetic retinopathy. The most common 
kind of retinopathy was mild non-proliferative. Males who were less than 14 years old, had a low HbA1c, had the disease for less than ten years, 
and used regular insulin and neutral protamine Hagedorn (NPH) were less likely to develop diabetic retinopathy.
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INTRODUCTION

A class of metabolic illnesses known as diabetes is defined 
by hyperglycemia brought on by deficiencies in either insulin 
action or secretion, or both. Diabetes is the third most prevalent 
chronic illness in children, with autoimmune type 1 diabetes 
(T1D) accounting for the majority of cases. Diabetes can lead to 
a number of eye issues, the most serious is diabetic retinopathy 
(DR), which is associated with a risk of blindness. Other condi-
tions include cataracts and secondary glaucoma [1].

The earliest symptoms of retinopathy typically take months or 
years to manifest clinically, and even then, the condition may not 
show any symptoms for some time [2]. It is anticipated that the 
incidence of DM will continue to rise after showing a consistent 
growth over the past few decades at all age groups, including 
younger once [3].

In contrast to the conventional view of DR as an adult conse-
quence of diabetes, a recent investigation of children with T1DM 
and T2DM found that, after a median follow-up of 3.2 and 3.1 

years, 20.1% and 7.2% of the children, respectively, acquired 
DR [4]. In the pediatric population, the frequency of DR ranged 
from 2.3% to 57.6% [5]. Proliferative DR was reported in 4.1%, 
initial DR in 10.7%, and background DR in 26.7% participants 
of study out of 4172 children with T1D diagnosed at the age of 
12 years [6].

A global research comprising 156,090 type 1 diabetics aged 
10–21 from 11 different countries revealed an overall DR prev-
alence of 5.8%, with variations from 0% to 16.2% depending 
on the nation under observation [7]. The same study discovered 
a strong positive link between smoking, elevated HbA1c, and 
hypertension, and the chance of developing DR. It also estab-
lished a direct substantial correlation between the length of dia-
betes mellitus and the prevalence of DR [7].

Numerous risk factors, including the length of diabetes, hyper-
glycemia, hypertension, ethnicity, dyslipidemia, puberty, preg-
nancy, proteinuria, genetics, obesity, alcohol consumption, 
inflammation, and endothelial dysfunction, have been linked 
to the onset and progression of DR. The mechanism of action is 
poorly understood, and the data is contradictory [8]. One of the 
primary risk factors for the onset and progression of retinopathy * Address correspondence to this author at the Department of Pediatrics, 
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is puberty. Patients under the age of ten have a very low chance 
of developing proliferative diabetic retinopathy [9- 11].

Multiple professional organizations encourage for screening 
DR [12, 13]. According to the most recent guidelines from the 
American Diabetes Association, if a young patient has had type 
1 diabetes for three to five years and is 11 years of age or older, 
or has begun puberty, screening for DR with a dilated eye exam-
ination is advised [13].

Fundus photography, with or without artificial intelligence-based 
techniques for point-of-care detection of diabetic retinopathy 
(DR), serves as an accurate screening tool for DR, is feasible 
for use among young patients with diabetes, increases adherence 
to recommended screening, and is cost-effective. These advan-
tages occur even though the gold standard for retinal screening 
continues to be an ophthalmologist’s dilated and thorough eye 
examination [14-16].

Since diabetic retinopathy does not always result in blindness, 
every effort should be made to lower the risk of this conse-
quence. In addition to its impact on eyesight, retinopathy has 
negative societal and economic effects. Hence, the aim of current 
research is to evaluate the frequency of diabetic retinopathy in 
type 1 diabetes. The relationship between several risk factors of 
DR, such as type of insulin and demographics, was also studied.

MATERIALS AND METHODS

This is an observational, cross sectional study conducted at 
pediatric endocrinology department of the National Institute of 
Child Health (NICH) from 1st January 2024 till 30th July 2024 
(6 months), following inclusion criteria were participated in this 
cross-sectional study. The hospital’s Research and Ethics Com-
mittee gave its approval to the research plan (IERB-55/2023). 
Before enrollment in the study, written informed consent was 
obtained from the participants. 

Using a 95% confidence interval and a 4% margin of error, 
the OpenEpi sample size calculator was used to determine the 
sample size based on the 7% [17] frequency of retinopathy in 
these individuals. A sample size of 157 patients was determined. 

Study participants between the ages of 7 and 18 years who were 
diagnosed with T1D and had the disease for at least 5 years were 
included. Non-probability consecutive sampling technique was 
used for sample collection. 

Patients provided information on demographic, anthropomet-
ric, and clinical characteristics, which was entered into a pre-
designed questionnaire. Every patient’s history of laser therapy, 
eye surgery, and ophthalmic medication use was obtained. 
Fundus examination was done by indirect ophthalmoscopy 
(under sedation if required) or slit lamp bio-microscopy using 
90 D noncontact lens, it included the examination of the optic 
disc, macula, retinal blood vessels, background, and fundus 
periphery to detect any signs of DR. The International Clinical 
Diabetic Retinopathy Disease Severity Scale [18], was used for 

diagnosis and classification of Diabetic Retinopathy. The DR 
was classified as: no apparent, mild, moderate, severe non-pro-
liferative diabetic retinopathy (NPDR) and proliferative diabetic 
retinopathy (PDR). 

STATISTICAL ANALYSIS

The statistical program SPSS (statistical programs for social 
sciences) version 26.0 was used to examine the data. For quan-
titative variables such as age, height, weight, BMI, RBS level, 
and HbA1c (mean value was taken as the average of 5 measures 
at 3-month intervals [19]), mean and standard deviation were 
calculated. Calculations were made for the frequency and per-
centages of several qualitative factors, including gender, diabe-
tes status, insulin usage, and the severity of diabetic retinopathy. 
The relationship between the qualitative variables was investi-
gated using the Chi-Square test. Odds ratio was estimated using 
binary logistic regression. P-values that were less than 0.05 were 
considered statistically significant.

RESULT

A total 157 individuals with an average age of 14.07±2.82 years 
were investigated. Out of these patients, 69 patients (43.9%) 
were female and 88 patients (56.1%) were male. The disease 
(T1D) lasted an average of 7.48±2.68 years. The average height 
was 148.63±12.93 cm, average weight was 38.22±10.71 kg, and 
average BMI was 16.97±2.78 kg/m2. The random blood sugar 
level was 284.00±121.59 mg/dl and the average HbA1c was 
10.10±2.63%. It was also observed that 86 (54.8%) of the 157 
patients who were investigated were on basal bolus, whereas 
71 (45.2%) were on neutral protamine Hagedorn (NPH) and 
regular insulin therapy. 116 (73.9%) individuals with diabetic 
retinopathy were included in the study; 103 (88.8%) of these 
patients had mild non-proliferative DR, 10 (8.6%) had moderate 
non-proliferative DR, and 1 (0.9%) had severe non-proliferative 
DR. The proliferative diabetic retinopathy patient rate was 1.7%. 
The study population’s comprehensive descriptive results are 
shown in Table 1.

Results mentioned in Table 2 showed that diabetic retinopathy 
is associated with both clinical and demographic characteristics. 
Diabetic retinopathy was shown to be substantially correlated 
with age group (p=0.025), random blood sugar (p=0.050), and 
insulin regimen type (p=0.018), but not with gender (p=0.066) 
and length of disease (p=0.887). Regarding HbA1c, the study 
results discovered a significant mean difference (p-<0.001) 
among study groups but not for BMI (p=0.111).

Additionally, male patients had a lower risk of diabetic reti-
nopathy than female patients (OR=-0.497, p=0.069) based on 
uni-variate logistic regression analysis. The odds of getting dia-
betic retinopathy was lower in those under the age of 14 years 
than in those above the age of 14 years (OR=0.437, p=0.027). 
DR was more likely to occur in patients with high HbA1c 
(OR=1.314, p=0.003). Compared to patients on NPH and reg-
ular insulin, those on basal bolus insulin have a greater chance 
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of developing diabetic retinopathy (OR=2.378, p=0.020). Table 
3 presents comprehensive odds, both adjusted and unadjusted.

Table 1. Descriptive Statistics of Demographic and Clinical 
Parameters of Study Population.

Gender n (%)
Male 88(56.1)
Female 69(43.9)
Age (years)
Mean± SD 14.07±2.82 (8-17)
≤14 years 76(48.4)
>14 years 81(51.6)
Disease Duration (years)
Mean± SD 7.48±2.68 (3-15)
≤5 years 37(23.6)
6-10 years 93(59.2)
>10 years 27(17.2)
Random Blood Sugar (mg/dl)
Mean± SD 284.00±121.59 (69-539)
Normal (<180 mg/dl) 36(22.9)
Impaired (180-200 mg/dl) 7(4.5)
Diabetes Mellitus (>200 mg/dl) 114(72.6)
HbA1c Level (%)
Mean± SD 10.10±2.63 (5.30-21.6%)
Body Mass Index (Mean± SD)
Height (cm) 148.63±12.93 (120-175)
Weight (Kg) 38.22±10.71 (20-65)
BMI (Kg/m2) 16.97±2.78 (11.41-26.71)
Insulin Regime Used
Basal Bolus 86(54.8)
Neutral protamine Hagedorn 
(NPH) and Regular 71(45.2)

Diabetic Retinopathy
Yes 116(73.9)
No 41(26.1)
Diabetic Retinopathy Severity (n=116)
Non-Proliferative diabetic reti-
nopathy 114(98.3)

       Mild retinopathy 103(88.8)
       Moderate retinopathy 10(8.6)
       Severe retinopathy 1(0.9)
Proliferative diabetic retinopathy 2(1.7)

Table 2. Association of Diabetic Retinopathy with Demo-
graphic and Clinical Parameters.

Diabetic Retinopathy n 
(%) p-value

Yes No
Gender 
Male 60(51.7) 28(68.3)

0.066
Female 56(48.3) 13(31.7)
Age Groups
≤14 years 50(43.1) 26(63.4)

0.025*
>14 years 66(56.9) 15(36.6)
Disease Duration (years)
≤5 years 28(24.1) 9(22)

0.8976-10 years 69(59.5) 24(58.5)
>10 years 19(16.4) 8(19.5)
Random Blood Sugar
Normal (<180 mg/dl) 22(19) 14(34.1)

0.050*
Impaired  
(180-200 mg/dl) 4(3.4) 3(7.3)

Diabetes Mellitus 
(>200 mg/dl) 90(77.6) 24(58.5)

HbA1c (mean± SD) 
# 10.48±2.82 9.02±1.57 0.001*

BMI (mean± SD) # 16.74±2.68 17.60±2.99 0.091
Insulin Regime Used
Basal Bolus 70(60.3) 16(39)

0.018
NPH and Regular 46(39.7) 25(61)
Chi-square/fisher exact test was applied. # Independent t-test was applied.

* Significant at 0.05 levels.

Table 3. Odds Ratio for Diabetic Retinopathy according to 
Demographic and Clinical Parameters.

 

 

Non-Adjusted Adjusted
Odds Ratio 
(95% CI)

p- 
value

Odds Ratio 
(95% CI)

p- 
value

Age Groups

≤14 years
0.437 

(0.210-
0.911)

0.027*
0.529 

(0.237-
1.180) 0.120

>14 years Ref Ref
Random Blood Sugar

Normal 
(<180 mg/

dl)

0.419 
(0.187-
0.939)

0.035

Impaired 
(180-200 
mg/dl)

0.356 
(0.074-
1.697)

0.195

Continue
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Continue

Diabetes 
Mellitus 

(>200 mg/
dl)

Ref

HbA1c

HbA1c 1.314(1.101-
1.568) 0.003* 1.236(1.027-

1.489) 0.025*

Insulin Regime Used
Basal 
Bolus

2.378(1.146-
4.931) 0.020* 2.311(1.070-

4.996) 0.033*

NPH and 
Regular Ref Ref

Binary logistic regression was applied.

* Significant at 0.05 levels.

DISCUSSION

In our study, male patients were slightly more in number than 
female patients. Almost half of the patients were aged more 
than 14 years. Most of the patients had disease duration of 6 
to 10 years. Majority of them were having high HbA1c. Basal 
Bolus was mostly used insulin type regimen. High frequency 
116(73.9%) of the study’s participants had diabetic retinopathy, 
of which mild non-proliferative was the most observed type. In 
this study, diabetic retinopathy was significantly associated with, 
insulin regimen type, and HbA1c level. Further, Females, age 
more than 14 years, duration of disease more than 10 years, High 
HbA1c, and basal bolus insulin have a higher risk of developing 
diabetic retinopathy.

According to published data of multivariate analysis, 6.6% of 
research participants had retinopathy in a study including 662 
individuals. A greater age at evaluation was associated with a 
higher risk of diabetic retinopathy (DR) in the same research 
group, where diabetes primarily occurred in adolescence [20]. 
The results of these studies found that, in comparison to individ-
uals without DR, those who acquired DR had a median duration 
of diabetes of 7.6 years. Higher age and median HbA1c were 
associated with retinopathy risks on multivariate analysis. Better 
glycaemic management can be considered a preventive measure 
as it lowers the risk of retinopathy. It was also discovered that 
HbA1c is the sole modifiable risk factor for the development of 
DR [21, 22].

Retinopathy was discovered in around 50% of teenagers with 
type 1 diabetes in the early 1990s, this was reiterated according 
to a cohort study conducted in Australia involving 1604 patients 
and also mentioned that by the 2000s, that number had dropped 
to 12%, possibly as a result of aggressive therapy during this 
time [23]. In a different research study, young individuals with 
diabetes made up the majority 44 (95.4%) of patients with early 
retinopathy R1 [24]. A study of 119 study population having 
diagnosed T1D conducted in UK found that the most of them 
had early DR [25].

In an Australian research study, children having T1D were exam-
ined and observed that children who have T1D at the age of five 
years or earlier had a longer retinopathy free period than those 
diagnosed between the ages of five and fifteen years [26]. Of the 
265 juvenile diabetics under the age of 20, in the US SEARCH 
project, 17% of those with T1DM experienced DR on fundus 
photography [27]. On the other hand, 20% of a sizable cohort 
consisting of 2240 young individuals had experienced diabetic 
retinopathy at a younger age (median duration of 3.2 years) [28]. 
Even though DR can develop due to a number of reasons, HbA1c 
has been identified as a controllable risk factor. A high HbA1c 
level was also associated with a greater risk of DR in our study 
as previously mentioned [29, 30]. 

In our study, a significant association was found with the type of 
insulin regimen used (i.e., lower risk of DR in individuals using 
NPH and regular insulin), though the difference between mean 
HbA1c of patients using these two insulin regimen type was not 
much significant, it could be due to its twice daily administration 
ensuring its greater compliance.

Since there is a significant and strong association between glu-
cose and retinopathy, it is important to focus on strict glycaemic 
management in patients with type 1 diabetes in order to lower 
the risk of DR onset and progression. 

LIMITATIONS 

The study’s limitations were its cross-sectional design, which 
restricted it to relationships that were seen, and its exclusion 
of any modifiable risk variables that may have shown other 
risk factors for retinopathy prediction in addition to glycaemic 
management. This study’s limited applicability is also due to 
its relatively smaller sample size. Because it was done in an 
urban setting, it is possible that the findings cannot be applied to 
broader demographics.

CONCLUSION

In conclusion, we discovered that the study population had a 
significant frequency of diabetic retinopathy. The most common 
kind of diabetic retinopathy in patients was mild non-prolifera-
tive retinopathy. Furthermore, there was a substantial correlation 
between the HbA1c levels and insulin regimen followed and 
diabetic retinopathy. Patients who were ≤14 years old, male, had 
a low HbA1c, were on regular insulin or NPH, had a decreased 
chance of developing diabetic retinopathy.
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