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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 HbA 1c 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 HbA ¢, had the disease for less than ten years,
and used regular insulin and neutral protamine Hagedorn (NPH) were less likely to develop diabetic retinopathy.

Keywords: Risk Factors, Diabetic Retinopathy, Type-1 Diabetes Mellitus, Cataract, Secondary glaucoma, Pregnancy.

INTRODUCTION 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

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 TIDM
and T2DM found that, after a median follow-up of 3.2 and 3.1
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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 HbAlc, 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
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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 1% January 2024 till 30™ 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
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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 HbA 1¢ (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

Actotal 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 HbA 1c 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 HbA Ic¢, 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 HbAlc
(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 2. Association of Diabetic Retinopathy with Demo-
graphic and Clinical Parameters.

Table 1. Descriptive Statistics of Demographic and Clinical Diabetic Retinopathy n
Parameters of Study Population. (%) p-value
Gender n (%) Yes | No
Male 88(56.1) Gender
Female 69(43.9) Male 60(51.7) 28(68.3) 0.066
Age (years) Female 56(48.3) 13(31.7)
Meanz SD 14.072.82 (8-17) Age Groups
<14 years 76(48.4) <14 years 50(43.1) 26(63.4) 0,025
>14 years 81(51.6) >14 years 66(56.9) 15(36.6)
Disease Duration (years) Disease Duration (years)
Mean SD 7.48+2.68 (3-15) <3 years 28(24.1) 9(22)
<5 years 37(23.6) 6-10 years 69(59.5) 24(58.5) 0.897
6-10 years 93(59.2) >10 years 19(16.4) 8(19.5)
>10 years 27(172) Random Blood Sugar
Random Blood Sugar (mg/dl) Normal (<180 mg/dl) 22(19) 14(34.1)
Impaired
+ + -
Mean lSD l 284.00+121.59 (69-539) (180-200 mg/d) 4(3.4) 3(7.3) 0.050*
Normal (<180 mg/dl) 36(22.9) Diabetes Mellitus
Impaired (180-200 mg/dl) 7(4.5) (>200 mg/dl) 20(77.6) 24(58.5)
Diabetes Mellitus (>200 mg/dl 114(72.6
HbA1lc Level (% )( = = EbAlc (mean- SD) 10.48+2.82 | 9.02+1.57 | 0.001*
()
Mean+ SD | 10.10+2.63 (5.30-21.6%) BMI (mean=+ SD) # 16.74+2.68 | 17.60+2.99 | 0.091
Body Mass Index (Mean+ SD) Insulin Regime Used
Height (cm) 148.63+£12.93 (120-175) Basal Bolus 70(60.3) 16(39) 0.018
Weight (Kg) 38.22+10.71 (20-65) NPH and Regular 46(39.7) 25(61) )
BMI (Kg/m2) 16.97+2.78 (11.41-26.71) Chi-square/fisher exact test was applied. # Independent t-test was applied.
Insulin Regime Used * Significant at 0.05 levels.
Basal Bolus 86(54.8) Table 3. Odds Ratio for Diabetic Retinopathy according to
Neutral protamine Hagedorn 71(452) Demographic and Clinical Parameters.
(NPH) and Regular ’ - -
- - - Non-Adjusted Adjusted
Diabetic Retinopathy - -
Odds Ratio p- Odds Ratio p-
Yes 116(73.9) (95% CI) | value | (95% CI) | value
No 41(26.1) Age Groups
Diabetic Retinopathy Severity (n=116) 0.437 0.529
Non-Proliferative diabetic reti- <14 years (0.210- 0.027* (0.237-
114(98.
nopathy (98.3) 0.911) 1.180) 0.120
Mild retinopathy 103(88.8) >14 years Ref Ref
Moderate retinopathy 10(8.6) Random Blood Sugar
Severe retinopathy 1(0.9) Normal 0.419
Proliferative diabetic retinopathy 2(1.7) (<180 mg/ (0.187- 0.035
dl) 0.939)
Impaired 0.356
(180-200 (0.074- 0.195
mg/dl) 1.697)

Continue
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Continue
Diabetes
Mellitus
(>200 mg/ Ref
d)
HbAlc
1.314(1.101- « | 1.236(1.027- %
HbAlc 1.568) 0.003 1.489) 0.025
Insulin Regime Used
Basal 2.378(1.146- « | 2.311(1.070- %
Bolus 4931y | 0020 4996y | 0033
NPH and Ref Ref
Regular
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 HbA lc level. Further, Females, age
more than 14 years, duration of disease more than 10 years, High
HbAc, 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 HbA 1c 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
HbA 1c 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].
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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 TIDM 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, HbAlc
has been identified as a controllable risk factor. A high HbAlc
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
HbA 1c 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 HbAlc levels and insulin regimen followed and
diabetic retinopathy. Patients who were <14 years old, male, had
alow HbAlc, were on regular insulin or NPH, had a decreased
chance of developing diabetic retinopathy.

AUTHORS’ CONTRIBUTION
e Muhammad Nasir Javed: Data collection, Data analysis,
Article writing.

e Mohsina Noor Ibrahim: Supervision and Guidance in data
collection.

e Zubair Khoso, Ikramullah Shaikh and Maira Riaz: Data
collection.

e Versha Rani Rai: Data collection, Article writing.



275

National Journal of Health Sciences, 2024, Vol. 9. No. 4

CONFLICT OF INTEREST

Declared none.

ACKNOWLEDGEMENTS

I would like to extend my sincere gratitude and appreciation to
the ophthalmology department at Jinnah Postgraduate Medical
Centre (JPMC) for their expertise in conducting eye examina-
tions for diabetic retinopathy in our patients. Their commitment
and expertise have greatly contributed to the quality of care pro-
vided.

REFERENCES

(1]

(4]

[10]

Wysocka-Mincewicz M, Golebiewska J, Olechowski A, Szalecki
M. Diabetic retinopathy in children with type 1 diabetes-occur-
rence and screening using optical coherence tomography. Life
(Basel) 2021; 11(6): 590-98.

Invernizzi A, Chhablani J, Viola F, Gabrielle PH, Zarranz-Ventura
J, Staurenghi G. Diabetic retinopathy in the pediatric population:
Pathophysiology, screening, current and future treatments. Phar-
macol Res 2023; 188: 106670.

Teo ZL, Tham YC, Yu M. Global prevalence of diabetic retinop-
athy and projection of burden through 2045: Systematic review
and meta-analysis. Ophthalmology 2021; 128(11): 1580-91.

Wang SY, Andrews CA, Herman WH, Gardner TW, Stein JD.
Incidence and risk factors for developing diabetic retinopathy
among youths with type 1 or type 2 diabetes throughout the
United States. Ophthalmology 2017; 124(4): 424-30.

Thomas RL. Risks and prevalence of diabetic retinopathy in chil-
dren and young people with type 1 diabetes mellitus. J Diabetes
Clin Res 2020; 2: 68-74.

Royal College of Pediatrics and Child Health. National Paediat-
ric Diabetes Audit Report 2018-2019. Available online: https://
www.rcpchacuk/sites/default/files/2020-03/final npda core
report 2018-2019pdf2019

Bratina N, Auzanneau M, Birkebaek N. Differences in retinopa-
thy prevalence and associated risk factors across 11 countries in
three continents: A cross-sectional study of 156,090 children and
adolescents with type 1 diabetes. Pediatr Diabetes 2022; 23(8):
1656-64.

Thomas RL, Ng SM. Risks and prevalence of diabetic retinopa-
thy in children and young people with type 1 diabetes mellitus. J
Diabetes Clin Res 2020; 2(3): 68-74.

Holl R, Lang G, Grabert M, Heinze E, Lang G, Debatin K. Dia-
betic retinopathy in pediatric patients with type-1 diabetes: Effect
of diabetes duration, prepubertal and pubertal onset of diabetes,
and metabolic control. J Pediatr 1998; 132: 790-94.

Donaghue KC, Fung AT, Hing S, et al. The effect of prepubertal

[11]

[12]

[14]

[16]

[17]

[20]

[22]

[24]

Javed et al.

diabetes duration on diabetes: Microvascular complications in
early and late adolescence. Diabetes Care 1997; 20: 77-80.

Cho YH, Craig ME, Donaghue KC. Puberty as an accelerator for
diabetes complications. Pediatr Diabetes 2014; 15: 18-26.

Ferm ML, DeSalvo DJ, Prichett LM, Sickler JK, Wolf RM,
Channa R. Clinical and demographic factors associated with
diabetic retinopathy among young patients with diabetes. JAMA
Netw Open 2021; 4(9): €2126126

American Diabetes Association. Children and adolescents: Stan-
dards of medical care in diabetes—2021. Diabetes Care 2021;
44(suppl 1): 180-99.

Wolf RM, Liu TYA, Thomas C. The SEE study: safety, efficacy,
and equity of implementing autonomous artificial intelligence for
diagnosing diabetic retinopathy in youth. Diabetes Care 2021;
44(3): 781-87.

Lee AY, Yanagihara RT, Lee CS. Multicenter, head-to-head, real-
world validation study of seven automated artificial intelligence
diabetic retinopathy screening systems. Diabetes Care 2021;
44(5): 1168-75.

Wolf RM, Channa R, Abramoff MD, Lehmann HP. Cost-ef-
fectiveness of autonomous point-of-care diabetic retinopathy
screening for pediatric patients with diabetes. JAMA Ophthalmol
2020; 138(10): 1063-69.

Elgemai EE, Zeriban NH, Soliman SS. Prevalence of diabetic
retinopathy among children with type 1 diabetes mellitus treated
by insulin. J Ophthalmol 2018; 19(3): 196.

Wilkinson CP, Ferris FL, 3rd, Klein RE, et al. Proposed interna-
tional clinical diabetic retinopathy and diabetic macular edema
disease severity scales. Ophthalmology 2003; 110(9): 1677-82.

Schreur V, van Asten F, Ng H, ez al. Risk factors for development
and progression of diabetic retinopathy in Dutch patients with
type 1 diabetes mellitus. Acta Ophthalmol 2018; 96(5): 459-64.

Zabeen B, Khaled MZ, Husain L. Risk factors associated with
retinopathy in young people with type 1 diabetes in Bangladesh.
Endocrinol Diab Metab 2021; 4: e00197.

Zabeen B, Huda K, Nessa M, Ahmed F, Akhter S, Azad K. Reti-
nopathy in Bangladeshi Youth cohort with diabetes- a multicenter
study. Pediatr Diabetes 2018; 19(Suppl 26): 104.

Hainsworth DP, Bebu I, Aiello LP. Risk factors for retinopathy
in type 1 diabetes: The DCCT/EDIC study. Diabetes Care 2019;
42(5): 875-82.

Downie E, Craig ME, Hing S, Cusumano J, Chan AKF, Dona-
ghue KC. Continued reduction in the prevalence of retinopathy
in adolescents with type 1 Diabetes. Diabetes Care 2011; 34(11):
2368-73.

Zhang M, Xu G, Ruan L, Huang X, Zhang T. Clinical charac-



Frequency and Risk Factors of Diabetic Retinopathy in Children...

[26]

teristics and surgical outcomes of complications of proliferative
diabetic retinopathy in young versus older patients with type 2
diabetes. Diabetes Metab Syndr Obes 2023; 16: 37-45.

Dhillon N, Karthikeyan A, Castle A. Natural history of retinopa-
thy in children and young people with type 1 diabetes. Eye (Lond)
2016; 30(7): 987-91.

Donaghue KC, Fairchild JM, Craig ME. Do all prepubertal years
of diabetes duration contribute equally to diabetes complications?
Diabetes Care 2003; 26(4): 1224-29.

Mayer-Davis EJ, Davis C, Saadine J. Diabetic retinopathy in the
SEARCH for Diabetes in Youth Cohort: A pilot study. Diabetes
Med 2012;29: 1148-52.

[28]

[29]

National Journal of Health Sciences, 2024, Vol. 9. No. 4 276

Wang SY, Andrews CA, Herman WH, Gardner TW, Stein JD.
Incidence and risk factors for developing diabetic retinopathy
among youths with type 1 or type 2 diabetes throughout the
United States. Ophthalmology 2017; 124(4): 424-30.

Olsen BS, Sjolie A, Hougaard P. A 6-year nationwide cohort study
of glycaemic control in young people with type 1 diabetes. Risk
markers for the development of retinopathy, nephropathy and
neuropathy. Danish Study Group of Diabetes in Childhood. J
Diabetes Complications 2000; 14(6): 295-300.

Danne T, Weber B, Hartmann R, Enders I, Burger W, Hovener G.
Longterm glycemic control has a nonlinear association to the fre-
quency of background retinopathy in adolescents with diabetes.
Follow-up of the Berlin Retinopathy Study. Diabetes Care 1994;
17(12): 1390-96.

Received: May 09, 2024

© 2024 National Journal of Health Sciences
This is an open-access article.

Revised: June 21,2024

Accepted: June 25,2024



