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Type 1 diabetes mellitus (T1DM) is the most common type of 
diabetes in children and adolescents.[1] Globally, 1.1 million children 
and adolescents are patients living with T1DM, expected to increase 
by 3  -  5% annually.[2] This continuous rise in prevalence places 
pressure on countries to increase resources to manage diabetic 
patients adequately. In 2019, the International Diabetes Federation 
estimated that 25  000 children in Africa had T1DM,[3] with an 
incidence ranging from 1.5 to 10.1 per 100 000.[4] This number is 
thought to be underestimated owing to a lack of data from many 
African countries. In South Africa (SA), little data on the prevalence 
and complications in patients diagnosed with T1DM is available.

T1DM is an autoimmune disease in which the pancreas produces 
inadequate amounts of insulin, resulting in disrupted glucose 
metabolism.[5] Numerous acute complications (e.g. hypoglycaemia, 
diabetic ketoacidosis, DKA) and chronic complications relating 
to microvascular pathology (e.g. retinopathy, nephropathy and 
neuropathy) and macrovascular conditions (cardiovascular and 
cerebrovascular diseases) are associated with poorly controlled 
T1DM.[5] T1DM is irreversible and is managed through self-
management, which involves administering exogenous insulin, 
monitoring blood glucose levels and considering dietary, exercise-
related, psychological and socioeconomic factors.[6]

A long-term consequence of poorly controlled T1DM is its negative 
effect on longitudinal growth.[2,7,8] Stunting is defined as a height-for-
age Z-score (HAZ) below –2 SD.[6] Factors known to affect growth 
include gender, genetic environment, age at diagnosis, diabetes 
duration, puberty, glycaemic control and the regulation of the growth 
hormone–insulin-like growth factor (GH‑IGF) axis.[9] Dysregulation 
of this axis in T1DM is well described and is characterised by 
decreases in circulating IGF-1, IGF binding protein-3 (IGFBP-3) 
and GH binding protein (GHBP), along with an increase in GH and 
IGFBP-1.[9] With adequate glycaemic control, patients are expected 
to attain normal growth owing to the restoration of GHBP.[9] Several 
studies have documented a decline in height standard deviation 
(SD) scores relative to population norms from diagnosis to puberty, 
indicating reduced growth velocity compared with healthy peers.[2,7-

10] In a study from Germany, the entire cohort declined by 0.41 SD 
in length over a disease period of 9.1 years.[10] Patients with poorer 
glycaemic control (mean haemoglobin A1c [HbA1c] levels >8.0%) 
had a decreased adult height of −0.31 SD.[8] 

Stunting is a significant health concern owing to the associated 
health and economic consequences for the individual, the household 
and the community.[11-14] Children who are stunted typically perform 
poorly in school and may be unable to gain access to further 
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education, thus continuing the vicious cycle of poverty and food 
insecurity.[15] Food insecurity is of concern because adequate and 
appropriate nutrition is vital for managing diabetes mellitus.[2,6,8] 
Stunting is associated not only with increased morbidity and 
mortality but also with reduced mental development,[16,17] resulting 
in lower productivity as well as physical impairments.[5,11] Countries 
with a high burden of stunting are therefore at a greater risk of 
having an underdeveloped human capital and society.[11,16] 

Understanding the long-term dynamic of stunting in T1DM-
affected children and adolescents in SA is important to efficiently 
orient public health interventions needed to improve glycaemic 
control and limit the consequences of stunting. Given the impact of 
stunting on the health of the individual and economic development, 
data are required to formulate appropriate policies and programmes 
to address stunting in T1DM in SA.

Methods
A descriptive, cross-sectional analysis was conducted among children 
with T1DM who attended the paediatric diabetes clinic at Steve Biko 
Academic Hospital (SBAH) in Pretoria, Gauteng. Patients have 
access to a paediatric endocrinologist, paediatricians and nurses at 
a weekly paediatric outpatient clinic. At follow-up visits, routine 
measurements (blood pressure, heart rate, glucose level, weight, 
height) are recorded. Patients receive the required medical supplies 
and laboratory investigations are performed, if indicated. Patients 
are re-evaluated every 2 weeks to 6 months, depending on how well 
their condition is controlled.

Data collection
All children with T1DM seen at the SBAH Paediatric Diabetes 
Clinic from March 2022 to June 2023 were included, except those 
without consent from their guardians. Data were collected using 
a data collection tool and also obtained from the National Health 
Laboratory Service (NHLS) database. A questionnaire was used to 
assess socioeconomic and -demographic factors such as: the patient’s 
age and gender; hospital classification category (based on household 
income); parents’ level of education; number of meals per day; 
self‑evaluation of nutritional adequacy; parental height; the presence 
of comorbidities; and the affordability of extra supplies. Data about 
the patient’s treatment options, disease duration, required insulin 
dose, pubertal status and anthropometric measurements (height and 
weight) were obtained from patient files. 

Stunting was determined according to the gold standard – 
mean height-for-age Z-score (HAZ) – which was calculated using 
AnthroCalc 2.7.1, a child growth assessment app that bases its 
calculations on established growth references such as the World 
Health Organization 2007 standards. Stunting was defined as height 
for age being >2 SD below the mean (gender matched).[18-21] 

The mid-parental height (MPH) was also calculated to rule out 
standard variations of growth due to underlying genetic factors. 
MPH was calculated based on the height of the parents, using the 
following formulae:[20]

•	 Boys: (father’s height in centimetres + mother’s height in 
centimetres + 13 cm)/2 

•	 Girls: (father’s height in centimetres + mother’s height in 
centimetres –13 cm)/2.

Parental heights were recorded either by direct measurement 
during clinic visits or, if parents were absent, from the height 
listed on their official identification documents. AnthroCalc 2.7.1 
was also used to calculate the MPH and subsequent target-height 
Z-score. 

The most recent HbA1c was obtained from the NHLS data system. 
Poor glycaemic control classification was based on an HbA1c level 
of 7.5% or higher. 

Statistical analysis
The statistical analysis was conducted on de-identified electronic 
records. Data were captured and analysed using Microsoft Excel and 
R statistical software (2024).[22] Summary statistics were generated 
and a comparative analysis was performed between stunted and non-
stunted children to identify contributory factors. These included: 
glycaemic control (HbA1c, frequency of admissions); age; gender; 
duration of illness; pubertal status; nutritional status; socioeconomic 
factors (parents’ level of education, level of income, food insecurity); 
comorbid conditions; insulin regimen; and genetic growth potential 
(parents’ individual heights and MPH). Associations between 
stunting and T1DM, socioeconomic and clinical variables were 
assessed using χ2 or Fisher’s exact tests for categorical data, and the 
Wilcoxon rank sum test for continuous data that were not normally 
distributed. Group means were compared using the independent-
samples t-test. A significance level of p<0.05 was used. 

Ethical considerations
Ethics approval was obtained from the University of Pretoria 
Research Ethics Committee (ref. no. 68/2022) and the National 
Health Research Database.

Results
A total of 169 children were recruited for this study, of whom 53 
were excluded due to a lack of consent for participation from their 
caregivers. In addition, one child was excluded owing to incomplete 
data on file. Of the final 115 children included, 65 (56.5%) were 
female. Overall, 10.4% (n=12) were found to be stunted based on the 
gold standard (HAZ<–2). The age of patients seen at the clinic ranged 
from 1.6 to 17.9 years; median (IQR) age was 11 (8.1 - 13.4) years. 
The median (IQR) duration of T1DM was 3 (1.7 - 5.9) years; most 
patients (68.7%) had diabetes for <5 years. The stunted and non-
stunted groups were not significantly different with regard to gender 
(p=0.3), age at diagnosis (p=0.6) or duration of T1DM (p=0.3). 
However, a significant difference in the current age of patients was 
found between the stunted and non-stunted groups: mean (SD) age 
= 12.1 (5.6) years v. 10.3 (3.3) years (p=0.039) (Table 1).

Anthropometry
Mean (SD) body mass index was not significantly different between 
the stunted (18.9 (3.6) kg/m2) and the non-stunted groups (19 (5.3) 
kg/m2) (p=0.7) (Table  2). However, significant differences with 
regard to weight for age were noted between those classified as 
underweight (Z-score<–2) in the stunted and non-stunted groups: 
mean (SD) Z-score = –1.96 (1.26) v. 0.23 (1.36) (p<0.001). The 
father’s height was significantly different between the stunted and 
the non-stunted groups (mean (SD) height = 165 (3) cm v. 169 (7) 
cm; p=0.006), as were the MPH Z-scores (–0.46 (0.37) v. –0.20 (0.43); 
p=0.035). No significant differences were noted with regard to the 
mother’s height or MPH Z-scores (p=0.6 and p=0.8, respectively).

Complications and comorbidities
No significant differences were noted between the stunted and 
non-stunted groups with regard to previous hospital admissions 
related to T1DM (p=0.8) or recurrent admissions for DKA (p=0.5) 
(Supplementary Table 1). Close to half of the patients (n=54, 47%) 
reported no previous hospital admissions. About a quarter (n=31, 
27%) reported an admission more than a year ago, 10.4% (n=12) 
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were admitted 6 - 12 months ago and 15.7% (n=18) were admitted 
1  - 6 months ago. Thirty-five patients (30.4%) were found to have 
comorbidities, with a significant difference noted between the 
stunted and non-stunted groups (p=0.026). Comorbidities were 
mostly related to cardiovascular conditions (n=13, 11.3%). Six 
patients (5.2%) had comorbidities of endocrine origin, five (4.3%) 
of neurological origin and four patients (3.5%) had musculoskeletal 
or skin-related comorbidities. Coeliac disease was seen in three 
patients (2.6%). Two patients (1.7%) had other conditions (asthma, 
gastroesophageal reflux disease). Microalbuminuria was noted in 
four patients (3.5%). Two patients (1.7%) had genetic syndromes 
(Down syndrome, Waardenburg syndrome) and one patient had 
Mauriac syndrome. (Supplementary Fig.  1) No single comorbidity 
was associated with a risk for stunting in this cohort, despite 
the presence of comorbidities as a whole being found to be a 
significant risk factor. Some patients had more than one of the above 
comorbidities, but this was of no statistical significance on further 
analysis (Supplementary Table 1).

Treatment types
Insulin regimens were as follows: 78 patients (67.8%) received 
basal-bolus insulin therapy consisting of neutral protamine 
Hagedorn(NPH) insulin as basal insulin with regular insulin as 
boluses; 35 (30.4%) received premixed insulin (Actraphane) twice 
daily; and two (1.7%) were on continuous subcutaneous insulin 
infusion (CSII) (Supplementary Table  2). The average total daily 
dose of insulin used was 1.4 units/kg (range: 0.1 - 3 units/kg). The 

majority of patients (66.1%, n=76) received a daily insulin dose 
of 1  -  1.9 units/kg, with 23.5% (n=27) receiving doses of <1 unit/
kg. Twelve patients (10.4%) received doses of 2  -  3 units/kg. No 
significant differences were noted between the stunted and non-
stunted groups regarding treatment type (p=0.8) or total daily dose 
of insulin (p=0.7). The mean (SD) HbA1c was 12.3% (3.04%) (range: 
5.1  -  17.5%). A significant difference in HbA1c level was noted 
between the stunted and non-stunted groups (p=0.008). Further 
analysis showed that very poor glycaemic control (HbA1c>9%) 
was a significant risk factor for developing stunting compared with 
better control (HbA1c≤9%) (p=0.021), whereas simply poor control 
(HbA1c=7.5 - 9%) compared with adequate control (HbA1c<7.5%) 
was not a significant risk factor (p=0.327) (Supplementary Table 2).

Management and socioeconomic factors
Approximately a third of patients (n=40, 34.8%) reported that 
they were able to afford managing their condition. There was no 
statistically significant difference between the stunted and non-
stunted groups in the proportion of patients reporting cost-related 
barriers to diabetes management (p=0.5) (Table  3). Cost-related 
factors included: the need to purchase additional strips (n=74, 
64.3%); lack of money to purchase nutritious meals (n=39, 33.9%); 
transportation costs (n=17, 14.8%); and purchasing additional 
batteries for their glucometer (n=8, 7%). Further analysis showed 
that not having enough money for buying nutritious meals was a 
significant risk factor for stunting (p=0.021). Adequate meal intake 
(at least three meals and two snacks) was reported by 66 patients 

Table 2. Anthropometric measurements 

Characteristic
All (N=115), 
mean (SD)

Non-stunted (N=103), 
mean (SD)

Stunted (N=12), 
mean (SD) p-value*

Height (cm) 137 (20) 139 (18) 128 (30) 0.4
Weight (kg) 38 (18) 38 (18) 34 (18) 0.7
BMI (kg/m2) 21.1 (9.5) 19.0 (5.3) 18.9 (3.6) 0.7
Height for age (Z-score) –0.49 (1.44) –0.17 (1.10) –3.22 (1.16) <0.001
Weight for age (Z-score) –0.003 (1.5) 0.23 (1.36) –1.96 (1.26) <0.001
BMI for age (Z-score) 0.36 (1.5) 0.42 (1.54) –0.10 (1.13) 0.3
Father’s height (cm) 168 (6) 169 (7) 165 (3) 0.006
Mother’s height (cm) 167 (6) 167 (6) 165 (6) 0.6
MPH (cm) 167 (8) 167 (8) 167 (9) 0.8
MPH (Z-score) –0.26 (0.43) –0.20 (0.43) –0.46 (0.37) 0.035
SD = standard deviation; BMI = body mass index; MPH = mid-parental height

* Determined using χ2 test or Fisher’s exact test for categorical variables, the independent-samples t-test for normally distributed continuous variables and the Wilcoxon 
rank‑sum test for non-normally distributed continuous variables. 

Table 1. Patient demographics (N=115)

Characteristic
All (N=115), 
n (%)

Non-stunted (N=103), 
n (%)

Stunted (N=12), 
n (%) p-value*

Male 50 (43.5) 43 (41.7) 7 (58.3) 0.3
Age of diagnosis (years), mean (SD) 6.5 (3.4) 6.4 (3.4) 7.1 (4.2) 0.6
Current age (years), mean (SD) 11.2 (3.2) 10.3 (3.3) 12.1 (5.6) 0.039
Duration of T1DM (years), median (IQR) 3 (1.7 - 5.9) 3 (1.7 - 5.5) 4.8 (2.2 - 7.3) 0.3
Tanner stage
Pre-pubertal (Tanner I) 58 (50.4) 54 (52.4) 4 (33.3) 0.2
Pubertal (Tanner II - V) 57 (49.6) 49 (47.6) 8 (66.7)

SD = standard deviation; T1DM = type 1 diabetes mellitus; IQR = interquartile range

* Determined using χ2 test or Fisher’s exact test for categorical variables, the independent-samples t-test for normally distributed continuous variables and the Wilcoxon 
rank‑sum test for non-normally distributed continuous variables.
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(57.4%); 36.5% (n=42) had access to two or three meals per day and 
6.1% (n=7) had at most one meal per day (Table 3). No significant 
differences were noted between the stunted and non-stunted groups 
with regard to the effect of adequate meal intake on stunting (p=0.3).

According to income-based categories for hospital care in the 
public sector, the majority of patients (n=55, 47.8%) were from 
families or households classified as H0, meaning they were eligible for 
full subsidisation (grant holders, pensioners and the unemployed), 
whereas a tenth (n=12, 10.4%) were from the full-paying patient 
(PF) category (including foreigners, private patients and those on 
medical aid). All remaining patients were classified as H1, H2 or 
H3, meaning they were eligible for partial subsidisation to some 
extent (Table 3 for a description of income categories). Household 
income was not significantly different between the stunted and 
non-stunted groups (p=0.4). Most parents reported their highest 
level of education to be secondary education (n=79, 68.7%), whereas 
28.7% (n=33) reported having a tertiary level of education and 2.6% 
(n=3) only primary education. No significant differences were noted 
between the stunted and non-stunted groups with regard to parents’ 
level of education (p=0.1) (Table 3). 

Discussion
T1DM is the most common endocrine disease seen in children 
and  adolescents.[1] With proper nutrition and treatment, normal 
growth should be attainable.[7] Owing to increased morbidity 
and mortality and reduced cognitive development associated 

with stunting, it is a major concern with regard to health, social 
and economic impact.[11–14] Stunting can also reflect poor general 
health and diabetes control in a population.[11,17] The prevalence 
of stunting among children under five in SA has shown a slight 
decline from 25% in 2008 to 23% in 2017.[23]

Although previous reports suggest greater male vulnerability 
to stunting in T1DM patients in sub-Saharan Africa,[7,24] our 
study found no gender association (p=0.3) (Table  1). Instead, 
lower paternal height and low MPH Z-scores were significant risk 
factors (p=0.006 and p=0.035, respectively), highlighting genetic 
contributions; interestingly, maternal height does not seem to be 
a risk factor (p=0.6). Further research is needed on paternal and 
genetic factors to clarify their role in male vulnerability to stunting 
in sub-Saharan Africa, both for T1DM patients and in general. Four 
of the 12 stunted patients (33.3%) had low MPH Z-scores, suggesting 
a contribution from genetic short stature rather than pathological 
stunting. This strengthens the idea of multimodal reasons for 
stunting and the importance of MPH calculations as an added 
parameter in growth assessment in children.

Poor glycaemic control was found to be strongly associated with 
stunting (p=0.008), with a mean HbA1c of 13.96% in the stunted 
group versus 12.3% overall (Supplementary Table 2). Similar findings 
in children with T1DM were reported in Kenya, where the mean 
HbA1c was 11.1%.[7] On further analysis, only very poor glycaemic 
control (HbA1C>9%) significantly increased stunting risk. (p=0.021).

Stunting prevalence in this cohort was lower than the 30.9% 
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Fig. 1. Comorbidities/complications associated with T1DM.

https://firebasestorage.googleapis.com/v0/b/sama-959a2.appspot.com/o/admin_files%2FSAJCH3234-Supplementary%20tables.docx?alt=media&token=55de3f1b-db22-4789-a77e-a2ee3bab8069


24        SAJCH     MARCH 2026    Vol. 20    No. 1

RESEARCH

reported in children with T1DM in Rwanda,[7] likely owing to the 
younger average age of participants in our study (11.2 years v. 
14.3 years in the Rwandan study). Although other studies have found 
associations between stunting and a longer T1DM duration as well as 
older age at diagnosis,[7,9] no such links were seen here. In the study 
from Rwanda,[7] the mean duration of T1DM was 2 years, compared 
with 4.1 years in our cohort (median 3 years). The mean age at 
diagnosis (6.5 years) aligns with a known T1DM peak (4 - 7 years).[25] 

However, current age was found to be a risk factor in our study, 
with older children more likely to be stunted (the mean age at 
diagnosis in the stunted group was 12.1 years compared with 
10.3 years in the non-stunted group; p=0.039) (Table 1). Although 
older age is expected to be associated with advanced pubertal stage, 
advanced pubertal status was not a significant risk factor in this 
cohort (p=0.2). This suggests that, despite older age being associated 
with increased stunting risk, the short stature observed may reflect 
a combination of delayed pubertal development and cumulative 
effects of chronic poor glycaemic control rather than pubertal stage 
alone, highlighting the complex interplay between age, growth and 
metabolic control in T1DM.

In the case of systemic disorders, growth may be further impaired 
owing to increased energy needs or inadequate nutrition.[26] Two 
patients had known genetic syndromes impacting growth, namely 
Down syndrome and Waardenburg syndrome, although neither 
patient met stunting criteria. One patient was found to have 
Mauriac syndrome, which is the most extreme form of growth 
failure in T1DM. It is characterised by short stature, an enlarged 
liver, limited joint mobility, tight, waxy skin, growth maturation 
delay, moon facies, protuberant abdomen and proximal muscle 
wasting, and complications of retinopathy and nephropathy are 
frequently evident.[17] Although it is observed in patients with poor 

glycaemic control, only a small portion of patients develop Mauriac 
syndrome.[17] It is postulated that other risk factors are associated 
with the development of this syndrome. 

Although poor glycaemic control is linked with complications or 
comorbidities and recurrent hospital admissions,[9] no association 
was found between stunting and prior T1DM complications or 
recurrent DKA in this cohort (p=0.8 and p=0.5, respectively) 
(Supplementary Table 1). Nearly a third of the patients (30.4%) had 
T1DM-related comorbidities or complications, most commonly 
cardiovascular disease (9.6%, n=11). The prevalence was similar 
to what has been reported from a study in India in a similar 
cohort (8 - 15%).[9] The presence of comorbidities as a group was a 
significant risk factor for developing stunting (p=0.026), although no 
individual condition was associated with increased risk.

In T1DM, administering insulin daily is essential, with doses 
varying according to age, puberty, stress and individual factors.[5,6] 
Standard doses range between 0.5 and 1 units/kg/day,[6] but in this 
cohort higher doses (on average 1.4 units/kg/day) were seen. In contrast, 
Wiegand et  al.[27] reported lower requirements (0.67 units/kg/day in 
prepuberty; 0.93units/kg/day in adolescence; 0.7 units/kg/day in adults) 
in a large study in a 222 paediatric diabetes centres in Germany 
and Austria.[27] Studies on insulin dosage requirements in low- or 
middle-income countries have not been done; however, no evidence 
suggests systematic differences in biological insulin needs according 
to income level. 

Patients with T1DM are known to experience a reduction in 
insulin sensitivity. As insulin is an important regulator of growth, 
this reduction can further influence growth velocity.[2,9] Insulin 
is available in various forms.[6] Santi et  al.[8] reported that basal-
bolus therapy during puberty showed improved growth velocity 
compared with other regimens, although the use of CSII did not 

Table 3. Socioeconomic factors with regard to T1DM management 

Characteristic
All (N=115), 
n (%)

Non-stunted (N=103), 
n (%)

Stunted (N=12), 
n (%) p-value*

Availability of daily meals
1 meal 7 (6.1) 7 (6.8) 0 (0) 0.3
2 - 3 meals 42 (36.5) 35 (34) 7 (58.3)
>3 meals 66 (57.4) 61 (59.2) 5 (41.7)

Treatment affordability 40 (34.8) 37 (35.9) 3 (25) 0.5
Cost-related factors contributing to the unaffordability of overall diabetic management 

Lack of strips 74 (64.3) 65 (63.1) 9 (75) 0.5
Lack of meal availability 39 (33.9) 31 (30.1) 8 (66.7) 0.021
Lack of funds for transport 17 (14.8) 14 (13.6) 3 (25) 0.4
Lack of batteries 8 (7.0) 8 (7.8) 0 () >0.9

Parents’ highest level of education
Primary 3 (2.6) 2 (1.9) 1 (8.3) 0.1
Secondary 79 (68.7) 69 (67) 10 (83.3)
Tertiary 33 (28.7) 32 (31.1) 1 (8.3)

Hospital classification†

H0 55 (47.8) 47 (45.6) 8 (66.7) 0.4
H1 40 (34.8) 38 (36.9) 2 (16.7)
H2 7 (6.1) 7 (6.8) 0 (0)
H3 1 (0.9) 1 (1.0) 0 (0)
PF 12 (10) 10 (9.7) 2 (16.7)

* Determined using χ2 test or Fisher’s exact test for categorical variables and independent-samples t-tests for continuous variables.  

†Income categories for hospital care: H0 = full subsidisation (Grant holders, pensioners and the unemployed); H1 = partial subsidisation (<R70 000 single income or R100 000 
family income per year); H2 = partial subsidisation (R70 000 - R100 000 single income or R250 000 - R350 000 family income per year); H3 = partial subsidisation (>R250 000 
single income or >R350 000 family income per year); PF = full-paying patient (foreigners, private patients with medical aid).[22]

https://firebasestorage.googleapis.com/v0/b/sama-959a2.appspot.com/o/admin_files%2FSAJCH3234-Supplementary%20tables.docx?alt=media&token=55de3f1b-db22-4789-a77e-a2ee3bab8069
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seem to influence linear growth. Most patients in this cohort 
received basal-bolus regimens (67.8%), whereas few used CSII 
pumps (owing to resource constraints). Neither insulin dose nor 
treatment regimen was associated with stunting (p=0.7 and p=0.8, 
respectively) (Supplementary Table 2). We cannot draw a definitive 
conclusion regarding a possible protective effect of CSII on linear 
growth; larger studies are warranted. 

Poor socioeconomic conditions contribute to stunting through 
food insecurity,[7,11,13,15] which is especially concerning as adequate 
nutrition is vital in T1DM.[2,6,7] In this cohort, only 57.4% reported 
adequate daily meal intake (three meals and two snacks). Patients 
were classified according to their socioeconomic status using 
the income-based categories for hospital care. In this cohort, no 
significant association was found between income category and 
stunting (p=0.4) (Table 3). 

Nearly half (47.8%) of patients were in the lowest income 
category,[28] highlighting widespread poor socioeconomic conditions. 
These children with T1DM face greater challenges. Despite free 
provision of insulin and supplies, 65.2% reported that overall diabetes 
care was unaffordable. In a study in India, Rohilla et al.[29] showed a 
significant negative correlation between socioeconomic status and 
diabetes expenditure, with the most underprivileged families facing 
the highest financial burden. In almost a third (30.3%) of their 
cohort, more than 50% of the family income was spent on diabetes 
care, emphasising the financial burden of affordable comprehensive 
diabetes care. Although no link was found between treatment 
affordability and stunting (p=0.5), food insecurity was a significant 
risk factor (p=0.021). Identifying cost-related barriers, particularly 
nutritional support, is crucial to guide policy and resource allocation. 
Further studies are required to evaluate the actual impact of T1DM 
on disadvantaged families in SA.

The management of T1DM is multifaceted and is a challenge for 
both the patients and their families.[5] Children often require support 
from caregivers[6,7] and a secondary level of education (or higher) is 
known to be a protective factor.[7] In this cohort, most parents (97.4%) 
reported the highest level of education to be secondary education or 
higher. Although we did not find significant associations between 
stunting and the level of income (p=0.4) or education (p=0.1), these 
factors are important in identifying strategies to assist these patients. 

Study limitations
Limitations of this study include the lack of documentation of a full 
puberty assessment and bone age, which also impact longitudinal 
growth. Neither point-of-care HbA1c levels nor treatment 
compliance was longitudinally assessed. Most patients had diabetes 
for less than 5 years, which could be a further limitation, as their 
underlying condition may not yet have had time to impact their 
growth, indicating the need for assessing stunting over long terms. 
The rate of stunting in the background population was unknown 
and would have been helpful as a comparison. The lack of baseline 
height at diagnosis limited the ability to assess longitudinal growth 
patterns; change in height SD over time would have provided a more 
accurate measure of growth trajectory. The small number of stunted 
individuals also impacted the extent of the statistical analysis that 
was possible in this study; multivariate logistic regressions would 
have added further value had the group been larger.

Conclusion
There is a lack of data on the prevalence and complications in patients 
diagnosed with T1DM in SA. This study aimed to identify the 
prevalence of stunting in T1DM patients and its associated factors. 
Despite very poor glycaemic control being seen in a large proportion 

(75.7%) of patients, a relatively low incidence of stunting (10.4%) 
was found. Multiple risk factors were found to have a statistically 
significant role, emphasising the need for holistic management 
of patients, including assessment of their genetic target heights. 
Using MPH as a screening tool in SA may not always be feasible 
(both parents aren’t always contactable/traceable and when they are 
there may be inaccuracy with regard to home measurements and 
calculations), but it may be useful to determine the patients’ genetic 
potential and allow for earlier identification of inappropriate growth 
or an alternative diagnosis. Stunting in children and adolescents 
with T1DM was found to be associated with poor glycaemic 
control, undernutrition, food insecurity, comorbidities, older age 
and genetic factors, highlighting its multifactorial nature. Promoting 
growth requires a multidisciplinary approach, including optimising 
glycaemic control, addressing nutritional status and food insecurity, 
managing comorbidities and monitoring growth relative to genetic 
potential. Glycaemic control, influenced by insulin therapy, remains 
a key modifiable factor affecting growth, emphasising treatment 
optimisation. Greater education, awareness and access to healthcare 
resources, supported by government and private stakeholders, are 
essential to improve outcomes for children with T1DM in SA. 
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