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Background: Non-communicable diseases (NCDs) are a growing concern in low- and middle-income countries, especially among adolescents. Recent data indicate a rise in NCD cases within this group. Despite the increasing prevalence of NCD risk factors, limited research has explored the relationship between perceived stress and NCDs.

Study aim: To compare adolescents aged 12 to 18 years who are at risk for NCDs with those who are not at risk, considering sex, school quintiles, and perceived stress.

Settings: The study involved 266 adolescents selected through stratified random sampling from seven schools in two Eastern Cape districts.

Methods: It assessed anthropometric and physiological measurements and perceived stress levels. Descriptive statistics were used to summarize data, while independent samples t-tests analyses were employed to compare groups. Logistic regression was utilized to predict probability.

Results: Most physical and physiological assessments were normal, except for females’ elevated BMI (24.52 ± 6.11), classifying them as overweight. Perceived stress did not differ significantly between at-risk and not-at-risk adolescents, although at-risk females reported higher stress levels than males. Perceived stress was consistently higher among adolescents from Quintiles 4–5 schools across both at-risk and not-at-risk groups. Logistic regression analysis indicated that sex was the significant predictor of NCD risk, with females being four times more likely to develop NCD risk factors than males, whereas school quintile was not a significant predictor.

Conclusion: The study highlights a greater risk of NCD development among female adolescents, who also experience elevated levels of perceived stress. Recommendations to address these findings include specific strategies that reduce this population’s risk factors.
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Introduction

Non-communicable diseases (NCDs) disproportionately impact low- and middle-income countries (LMICs), where over 75% of NCD-related deaths occur, and are projected to account for nearly half of the global disease burden in developing countries (1–3). The development of NCDs is influenced by multiple factors, including genetic predispositions, unhealthy behaviors, and environmental risks that accumulate over time, with significant long-term impacts on adolescents (4). According to the World Health Organization (4), NCDs accounted for approximately 11% of all deaths among South African children and adolescents.

In recent years, adolescents have shown a high occurrence of risk factors for NCDs, including obesity, hypertension, and diabetes (5, 6). These risk factors encompass elevated blood glucose levels, excess body weight, increased cholesterol, and high blood pressure (7). The influence of these factors is further modulated by sex, body mass index (BMI), and socioeconomic status, which together contribute to the onset and severity of NCDs among children and adolescents (6, 8).

Overweight and obesity among children and adolescents are significant global health concerns (9). The 2019 South African NHANES found that 13.5% of rural South Africans aged 6 to 18 were overweight or obese, mainly due to poor nutrition and physical inactivity (4). Wrottesley (5) reported that between the ages of 15 and 19, 27% of females and 9% of males were overweight or obese, with higher rates in urban areas. Similarly, HAKSA (2018) reported that 16.1% of girls and 6.1% of boys aged 15–19 were overweight (4, 10). Debeila et al. (11) reported sex differences, noting that females are at a higher risk of developing obesity than males.

According to the International Diabetes Federation, 11.8% of South Africans have diabetes mellitus. While type 2 is more common, type 1 diabetes (T1DM) rises by 2–5% annually (12, 13). Type 1 diabetes (T1D) is one of the most common chronic conditions in adolescence, with over 1.1 million children under 20 affected globally. In South Africa, the prevalence among children aged 0–14 is approximately 0.8 per 100,000 and rising (14). Research on children and adolescents with type 1 diabetes is limited, particularly within the South African context.

Dookhony et al. (12) observed an incidence of dyslipidemia at 28.6% and an incidence of hypertension at 8.1%. Raised cholesterol is estimated to cause 2.6 million deaths annually, increasing the risks of heart disease and stroke (15, 16). High blood cholesterol is most common during adolescence, especially in adolescents over 16. However, being overweight or obese was not found to be related to raised cholesterol (12). Ozsu et al. (17) reported higher cholesterol levels among rural South African males aged 2–19 compared to females, with approximately 22% of males in school settings showing elevated cholesterol levels versus 15% of females. A study conducted among 27,358 children, adolescents, and young adults in Cape Town Dookhony et al. (12) observed an incidence of dyslipidemia at 28.6%. Additionally, high cholesterol affects 17% of children and adolescents aged 2–19, particularly those aged 16 and older (15–17).

Masocha et al. (18) found that 44% of boys and 46% of girls aged 15 and older were diagnosed with hypertension, with the highest occurrence among boys from lower socioeconomic backgrounds without formal education (18, 19). Studies from 2019 reported hypertension rates in South African children and adolescents ranging from 1 to 25.9%, with boys in rural Eastern Cape showing higher rates (21.62%) than girls (14.29%) (20, 21). Hypertension increased with age in rural adolescents (22), and boys in KwaZulu-Natal were more likely to be hypertensive than girls (23). Kamkuemah et al. (24) found that urban adolescents had higher mean diastolic values than those in rural areas. Letswalo et al. (25) also reported that elevated blood pressure in adolescents is linked to age, weight, height, and BMI. Obesity, overweight, and stress are believed to contribute to gender differences in adolescent high blood pressure, alongside lifestyle factors such as physical activity and sedentary behavior (26).

Importantly, physiological risk factors are not the only contributors to NCDs; high perceived stress, including mental disorders and depression, also play a significant role (27). Akseer et al. (28) noted that NCDs, including prevalent mental health issues such as depression and anxiety, constitute a significant concern for adolescents globally. Mental health challenges brought on by stress have a detrimental impact on adolescents’ daily routines and can lead to serious complications for their health and development into adulthood (29, 30). The socioeconomic difficulties faced by many adolescents in South Africa render them more vulnerable to stress, significantly affecting their mental health and predisposing them to NCD development (31, 32).

Although physiological risk factors and perceived stress are recognized contributors to adolescent NCD risk, few studies have simultaneously examined how these factors interact with socioeconomic status, measured via school quintile, among adolescents in the Eastern Cape, South Africa’s poorest province. Understanding these interactions is critical, as adolescents in lower-resource settings may face unique stressors that influence both mental and physical health. To address this gap, the present study aimed to compare adolescents aged 12 to 18 years who are at risk for NCDs with those who are not, considering the influence of sex, school quintiles, and perceived stress.



Materials and methods


Study design

This study formed part of a larger research project titled: “An intervention to address the physical, physiological, and psychological risk factors linked to non-communicable diseases among adolescents in the Eastern Cape, South Africa.” The study utilized a quantitative approach and a cross-sectional design.



Setting

The research comprised learners aged 12 to 18 years from 7 selected schools. The research was conducted in two districts within the Eastern Cape Province, focusing on both rural and urban settings. It is the second largest in South Africa by land area, ranking it the third-most populous province. Within these two districts, four schools were randomly selected from each using a computer-based randomization tool. A dropout rate of 4% was observed, primarily due to one school withdrawing during the study.



Inclusion and exclusion criteria

The study comprised adolescents aged 12 to 18, from grades 8 to 10, and included both male and female learners. Ethnic backgrounds and socioeconomic statuses were not specifically targeted, although the research was conducted in two municipalities. Pregnant female learners were not eligible for participation in the study.



Study population and sampling strategy

The total population of South African adolescents is approximately 9,950,100 (19), of which 2,473,140 are in the Eastern Cape. The final sample size was 266 adolescents, consisting of 111 (41.7%) males and 155 (58.3%) females. The sample of schools from quintiles one, two, and three (no fee-paying schools) represented socioeconomically disadvantaged groups, commonly referred to as the ‘poorest’ quintiles, whereas quintiles four and five schools (fee-paying schools) represented more affluent economic schools, referred to as the ‘least poor’ segment (33). Figure 1 illustrates the stratified random sampling methodology employed in this study.
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FIGURE 1
 Illustration of stratified random sampling.




Data collection

As part of data collection, physiological risk factors for NCDs included blood pressure, blood cholesterol, random blood glucose, and body mass index. Adolescents are considered at risk for elevated blood pressure if their readings are between 120–129/80 mmHg, with hypertension defined as 130/80 mmHg or higher (4, 34, 35). Random blood glucose levels of 11.1 mmol/L or higher indicate that adolescents are at risk for diabetes (36, 37). Furthermore, HDL cholesterol levels above 4.4 mmol/L indicates a risk in adolescents. Adolescents’ BMI values were classified as follows: underweight (less than 18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), and obese (30.0 kg/m2 or higher) (10, 38). Additionally, the Perceived Stress Scale scores were interpreted within the following standard ranges: low stress (0–13), moderate stress (14–26), and high stress (27–40). The PSS demonstrated an internal consistency of Cronbach’s α = 0.632, which is acceptable for exploratory research, indicates modest reliability.



Data analysis

Adolescents were classified as at risk if they showed one or more physiological risk factors: overweight/obesity, high systolic or diastolic blood pressure, elevated random blood glucose, or high blood cholesterol. Data analysis in this study utilized IBM SPSS software (version 2021) (55). IBM SPSS Statistics for Windows, Version 27.0. Armonk, NY: IBM Corp. A significance level of p < 0.05 was adopted, and confidence intervals were set at 95%. Descriptive statistics were presented as means and standard deviations. T-test Comparisons were made between male and female adolescents within the at-risk and not-at-risk groups for NCDs. Further comparisons were conducted between adolescents at risk and not at risk for NCDs across different school quintiles. Logistic regression was utilized to predict the probability of developing NCDs. The reliability of the Perceived Stress Scale was determined using Cronbach’s Alpha as a measure of the internal consistency of the instrument.



Ethical consideration

This study was approved by the University Health Research Ethics Committee (Ref#2022 = 02 = 09 = AM). The Eastern Cape Department of Basic Education and school principals have granted consent for this research study. This was facilitated by presenting learners with a study information sheet and consent forms before data collection. The learners were requested to ask their parents or legal guardians for written informed consent to participate in the study. Additionally, all learners signed an assent form before participating in the study.




Results

Table 1 compares male and female adolescents, with the mean values and standard deviations for anthropometric, physiological, and perceived stress measures. A significant difference in BMI was observed between males and females (p = 0.001), with females displaying higher mean BMI scores (24.52 ± 6.11) compared to males (20.18 ± 2.89), the mean value classifying female adolescents as overweight. Although not classified as at risk, males showed a slightly higher mean waist-to-hip ratio (0.77 ± 0.03) than females (0.73 ± 0.05). A significant gender group difference in perceived stress was found (p = 0.024), with females reporting slightly higher stress levels (19.70 ± 6.0) than males (18.10 ± 5.18), both reflecting moderate stress levels. None of the metabolic indicators exceeded clinical thresholds, suggesting that while group differences exist, the average values remain within expected healthy ranges.


TABLE 1 Comparison between 12 and 18-year-old male and female adolescents (Mean ± STD).


	Variables
	Males (n = 111)
	Females (n = 155)
	p-value
	Cronbach’s alpha

 

 	Age (years) 	15.34 ± 1.30 	14.75 ± 1.13 	0.001* 	


 	Weight (kg) 	55.61 ± 9.26 	61.19 ± 16.33 	0.001* 	


 	Height (cm) 	165.8 ± 7.29 	157.81 ± 6.61 	0.001* 	


 	BMI (kg/m2) 	20.18 ± 2.89 	24.52 ± 6.11 	0.001* 	


 	Waist (cm) 	67.94 ± 6.51 	71.67 ± 11.22 	0.002* 	


 	Hip (cm) 	88.31 ± 7.29 	98.12 ± 12.19 	0.001* 	


 	Waist to hip ratio (n) 	0.77 ± 0.03 	0.73 ± 0.05 	0.001* 	


 	Systolic blood pressure (mmHg) 	119.40 ± 14.57 	117.97 ± 13.06 	0.405 	


 	Diastolic blood pressure (mmHg) 	66.68 ± 13.71 	68.31 ± 11. 91 	0.304 	


 	Random blood glucose (mmol/L) 	4.02 ± 1.40 	4.24 ± 1.40 	0.213 	


 	Blood cholesterol (mmol/L) 	2.97 ± 1.54 	3.53 ± 1.63 	0.006 	


 	Perceived stress (n) 	18.10 ± 5.18 	19.70 ± 6.01 	0.024* 	0.632





*Significance = p < 0.05; BMI, Body Mass Index.
 

For the sample of participants within the at risk group (n = 131; 50.4%) the prevalence of the risk factors are presented in Table 2. The highest prevalence of risk factors was observed among females (71%) and participants from less affluent schools (64.9%). More than half of the females (57%) and participants from more affluent schools (58.7%) presented with overweight and obesity. The highest prevalence for high blood pressure (31.6%) and elevated glucose (26.3%) was observed among males. High levels of cholesterol were observed among females (50.5%) and less affluent schools (51.8%).


TABLE 2 The prevalence of each individual risk factor within the at-risk group, broken down by sex and school quintile.


	Variable
	Total at risk (n)
	Gender
	School quintiles



	Males n (%)
	Females n (%)
	Quintiles 1–3 n (%)
	Quintiles 4–5 n (%)

 

 	At risk group 	131 	38 (29%) 	93 (71%) 	85 (64.9%) 	46 (35.1%)


 	Overweight/obesity 	61 	8 (21.1%) 	53 (57%) 	34 (40%) 	27 (58.7%)


 	High blood pressure 	33 	12 (31.6%) 	21 (22.6%) 	20 (23.5%) 	13 (28.3%)


 	Elevated glucose 	27 	10 (26.3%) 	17 (18.3%) 	21 (24.7%) 	6 (13%)


 	High cholesterol 	63 	16 (42.1%) 	47 (50.5%) 	44 (51.8%) 	19 (41.3%)




 

Table 3 compares males and females within the at-risk group and the not-at-risk group in relation to metabolic risk factors and perceived stress variables. Female adolescents consistently showed significantly higher BMI and perceived stress levels (p < 0.05) than males, especially in the at-risk group. The not-at-risk males reported slightly higher stress than at-risk males.


TABLE 3 Comparison between 12–18-year-old male and female adolescents within at-risk and not at-risk groups for NCDs.


	Variables
	Adolescents not at risk (n = 131)
	Adolescents at risk (n = 126)



	Male
	Female
	p-value
	Male
	Female
	p-value

 

 	BMI 	19.36 ± 1.84 	20.33 ± 2.12 	0.007* 	21.94 ± 3.86 	26.75 ± 6.31 	0.000*


 	Systolic blood pressure 	117.10 ± 12.75 	113.55 ± 10.67 	0.102 	123.50 ± 17.38 	120.15 ± 13.83 	0.260


 	Diastolic blood pressure 	63.14 ± 11.16 	66.09 ± 10.66 	0.137 	73.35 ± 16.28 	69.43 ± 12.44 	0.149


 	Blood glucose 	3.90 ± 1.44 	4.25 ± 1.03 	0.133 	4.25 ± 1.32 	4.26 ± 1.57 	0.955


 	Blood cholesterol 	2.68 ± 1.52 	2.95 ± 1.49 	0.318 	3.52 ± 1.45 	3.83 ± 1.63 	0.330


 	Perceived stress 	18.57 ± 4.87 	19.39 ± 5.97 	0.398 	17.08 ± 5.87 	19.91 ± 6.18 	0.022*





*Significance = p < 0.05; BMI, Body Mass Index.
 

In Table 4, statistically significant differences were observed between school quintiles for the at-risk group in terms of BMI (p = 0.000), with adolescents in quintiles 4–5 showing a higher mean BMI (27.91 ± 7.32) compared to those in quintiles 1–3 (24.00 ± 4.75). The only significant difference observed between quintile in the not-at-risk group was in terms of blood cholesterol (p = 0.002). According to the results, the other variable that presented a statistically significant difference between quantiles in both groups was for perceived stress (p = 0.001; p = 0.000), respectively, with quintile 4–5 (affluent schools) presenting higher values than quintile1-3 (disadvantaged schools).


TABLE 4 Comparison between 12–18-year-old adolescents at risk and not at risk for NCDs, in terms of school quintiles.


	Variables
	Adolescents not at risk (n = 131)
	Adolescents at risk (n = 126)



	Quintile 1–3
	Quintile 4–5
	p-value
	Quintile 1–3
	Quintile 4–5
	p-value

 

 	BMI 	19.75 ± 2.06 	19.80 ± 1.94 	0.896 	24.00 ± 4.75 	27.91 ± 7.32 	0.000*


 	Systolic blood pressure 	116.47 ± 12.39 	113.80 ± 11.08 	0.245 	121.01 ± 15.78 	121.04 ± 13.31 	0.992


 	Diastolic blood pressure 	65.67 ± 10.68 	61.71 ± 11.33 	0.058 	71.28 ± 14.13 	69.10 ± 12.68 	0.374


 	Blood glucose 	3.96 ± 1.33 	4.22 ± 1.20 	0.307 	4.20 ± 1.55 	4.36 ± 1.46 	0.565


 	Blood cholesterol 	3.08 ± 1.42 	2.19 ± 1.52 	0.002* 	3.91 ± 1.46 	3.49 ± 1.76 	0.143


 	Perceived stress 	17.8 ± 4.89 	21.12 ± 5.65 	0.001* 	17.48 ± 5.14 	21.94 ± 6.83 	0.000*





*Significance = p < 0.05; BMI, body mass index.
 

Table 5 presents the results of a logistic regression analysis conducted to assess the impact of sex, school quintiles, and perceived stress on the likelihood of adolescents developing risk factors for NCDs. The overall model was statistically significant, χ2(3, N = 257) = 29.13, p < 0.005, indicating that it could reliably distinguish between adolescents at risk and those not at risk of developing NCDs. The model explained between 10.7 and 14.3% of the variance in NCD risk and correctly classified 66.1% of cases. Although this suggests that the model provides meaningful insights, it also indicates that other influential factors not included in the analysis likely contribute to NCD risk for example diet, physical activity and genetics. Of the three independent variables, only sex contributed significantly to the model (p = 0.000). Female adolescents were found to be four times more likely to develop NCD risk factors compared to their male counterparts.


TABLE 5 Logistic regression analysis of the effects of sex, school quintiles, and stress on NCD risk among 12–18-year-old adolescents.


	Variables in the equation
	B
	S.E.
	Wald
	Df
	Sig.
	Exp(B)
	95% CI EXP(B)
	for



	Lower
	Upper

 

 	Sex 	1.408 	0.274 	26.361 	1 	0.000* 	4.088 	2.388 	6.998


 	School quintile 	0.351 	0.294 	1.427 	1 	0.232 	1.421 	0.798 	2.528


 	Stress 	−0.018 	0.024 	0.565 	1 	0.452 	0.982 	0.936 	1.030


 	Constant 	−0.561 	0.466 	1.451 	1 	0.228 	0.570 	 	





Variable(s) entered on step 1: Sex, School quintiles Stress.

*Significance = p < 0.05.
 



Discussion

This study aims to compare adolescents aged 12–18 who are at risk and not at risk for NCDs, considering sex, school quintiles, and perceived stress, and to examine how these factors influence the likelihood of NCD risk.

The results showed that female participants have a higher mean BMI score, indicating that, on average, female adolescents were classified as overweight, compared to their male counterparts. Consistent with the findings of Otitoola et al. (36), who conducted their study in Cofimvaba, a rural area of the Eastern Cape, a greater proportion of female adolescents (33.3%) were classified as overweight compared to their male counterparts (15.7%). Similarly, Wrottesley et al. (5), in a study conducted in Soweto, Gauteng, found that by the ages of 15–19 years, 27% of females and 9% of males were overweight or obese. In support of this, Debeila et al. (11), in the study conducted in rural areas of the Limpopo Province, also reported that females are at a significantly higher risk of obesity than males. These results highlight a gendered trend in excess weight gain among South African adolescents, with females more likely to be overweight or obese than males. Differences may influence females’ consistently higher BMI scores in physical activity, dietary habits, and sociocultural or environmental factors.

The result showed that gender differences were evident in the distribution of NCD risk factors among adolescents, with females showing a higher overall prevalence of risk factors and elevated cholesterol levels, whereas males presented with higher levels of elevated blood pressure and glucose. These findings suggest distinct patterns of NCD risks between sexes, consistent with previous research among South African adolescents reporting higher blood pressure and glucose levels among boys, and greater cholesterol levels among girls (1, 39). Similarly, studies conducted in the North West Province and Western Cape have shown that adolescent males are more prone to elevated systolic blood pressure, while females display higher BMI and total cholesterol concentrations (37, 39). These differences may be attributed to biological and hormonal variations, as well as behavioral patterns such as diet and sedentary behavior that differ between sexes during adolescence. The study observed a socioeconomic inconsistency. Participants from less affluent schools demonstrated a higher overall prevalence of risk factors and elevated cholesterol, overweight and obesity were more prevalent among those attending more affluent schools. Similar trends have been reported in urban South African adolescents (40, 41), where adolescents from higher socioeconomic backgrounds are more likely to consume energy-dense foods and engage in sedentary behaviors.

The results revealed that males had a slightly higher waist-to-hip ratio compared to their female counterparts. Similarly, a systematic review on obesity prevalence in South African children and adolescents noted that WHR tends to differ by sex, with boys often showing higher central adiposity despite lower overall body fat percentages (38). Jones et al. (42), in a study conducted in rural areas of South Africa, found that male adolescents had significantly higher WHR values compared to their female Counterparts.

These sex differences in fat distribution may be linked to hormonal, behavioral, and developmental factors and highlight the importance of including WHR as a complementary measure to BMI in adolescent health assessments. Internationally, a study by Ibrahim et al. (43) conducted in Dhaka, Bangladesh, a low- and middle-income country LMIC also identified WHR as a strong predictor of health risk, with 27.5% of males and only 6% of females classified as at risk. These findings suggest that even when BMI falls within normal ranges, elevated WHR in males may still indicate a predisposition to central obesity and be associated with NCDs.

The results found that male and female adolescents experience moderate stress levels, although females showed higher mean perceived stress scores. Östberg et al. (44), in a study conducted among adolescents in Stockholm schools, Sweden, found similar results, reporting that girls experienced higher levels of perceived stress than boys. Furthermore, the findings are consistent with those from South African studies conducted in Soweto and Durban, which reported a higher perceived stress among adolescent females than males. Factors such as intimate partner violence, depression, anxiety, poor self-rated health, and unhealthy lifestyle behaviors were identified as key contributors (15). Additionally, all adolescents in both groups had moderate stress; however, males at risk presented higher perceived stress scores compared to males not at risk. With limited recent research both internationally and in South Africa, comparing available studies helps to contextualize findings and identify common sex differences in adolescent stress patterns.

The results showed the significant differences between school quintiles for the at-risk group in BMI, with quintile 4–5 (affluent schools) presenting higher BMI scores compared to quintile 1–3 (disadvantaged schools). This is consistent with findings from a South African study by Reddy et al. (45), which reported an overweight and obesity prevalence of 25.3% among adolescents attending higher-income schools, compared to 16.8% among those in lower-income schools. Similarly, Gradidge et al. (21) found that overweight prevalence among urban South African adolescents was 27% in girls and 9% in boys, with higher BMI values associated with more affluent schools.

Perceived stress was consistently higher among adolescents from (Quintiles 4–5) schools across both at-risk and not-at-risk groups. This finding suggests that socioeconomic advantage does not necessarily protect against psychological stress and may, in some cases, be associated with increased academic and social pressures. Adolescents from affluent schools often face high performance expectations, competitive environments, and parental pressure, contributing to chronic psychological strain despite greater access to resources (46, 47). However, this finding contrasts with other studies conducted in South Africa and similar low- and middle-income contexts. For instance, a study in Cape Town reported that adolescents from lower socioeconomic backgrounds (Quintiles 1–3) experienced higher levels of perceived stress, largely linked to financial hardship, exposure to violence, and limited access to psychosocial support (48). Comparable trends have been documented in Nairobi, Kenya (49), and Khayelitsha, South Africa (26), where socioeconomic disadvantage is strongly associated with elevated stress. These contrasting patterns indicate that the relationship between socioeconomic status and perceived stress varies by context, reflecting diverse sources and appraisals of stress. Moreover, perceived stress does not always align with metabolic risk patterns and may be shaped by broader psychosocial and environmental influences. Overall, these findings highlight the complexity of stress among South African adolescents and the need for context-specific strategies to address it across school quintiles.

The study demonstrated a significant difference between quintiles in the not-at-risk group regarding blood cholesterol, with quintile 1–3 (disadvantaged school) presenting higher scores than quintile 4–5 (affluent schools). This is consistent with findings from a South African study, where 21.8% of adolescents from low socioeconomic backgrounds had elevated total cholesterol, compared to 12.5% from higher-income groups (45). Similarly, in Brazil, 27.6% of adolescents in low-income public schools had high cholesterol levels, compared to 14.3% in wealthier, private school settings (50). Including data from Brazil, a country with similar socioeconomic inequalities, adds valuable context, mainly due to the limited research on adolescent cholesterol and socioeconomic status in South Africa.

Female adolescents were determined to be 4 times more likely to develop NCDs compared to their male counterparts. This finding highlights that sex is a strong predictor of NCD risk in adolescents. Due to the limited availability of sex-specific NCD data among adolescents in South Africa, data from comparable low- and middle-income countries (LMICs) were used for comparison. A global survey of adolescents from low- and middle-income countries reported a higher clustering of NCD risk factors among female adolescents (51). In Nepal, Uddin et al. (52) found that adolescent girls were significantly more likely than boys to exhibit unhealthy dietary behaviours and insufficient physical activity. Similarly, in Bangladesh, Urmy et al. (53, 54) and Hassan et al. (37) reported that adolescent girls had a higher prevalence of combined behavioral and physiological risk factors, including poor diet, physical inactivity, and lipid abnormalities. These findings suggest that female adolescents are more prone to developing NCDs, likely due to a combination of biological susceptibilities, gendered social norms, and limited access to health-promoting resources.


Limitations

The first limitation of this study was the reduced sample size resulting from the withdrawal of one school from participation, which led to the failure to achieve the desired sample size. The second limitation pertains to the sample, which consists of adolescents from two municipalities in the Eastern Cape region. This specific population may not fully represent all adolescents residing in the Eastern Cape or South Africa. Consequently, the findings derived from this study may not be generalizable to the broader adolescent population in the region or country. A further limitation concerns the Perceived Stress Scale (PSS), although validated and widely used among adolescents, demonstrated modest internal consistency (α = 0.632) in this sample. This suggests that responses may have been influenced by contextual factors. Future studies should consider using culturally adapted or complementary stress measures to enhance reliability.




Conclusion

This study aims to compare adolescents aged 12–18 who are at risk and not at risk for NCDs, considering sex, school quintiles, and perceived stress, and to examine how these factors influence the likelihood of NCD risk. The results showed that perceived stress and school quintile were insignificant predictors of NCD risk. However, sex, particularly being female, emerged as a significant predictor, with female adolescents demonstrating a higher likelihood of being at risk, as indicated by elevated BMI and related health markers. Although perceived stress was not directly associated with NCD risk, female adolescents reported higher stress levels compared to their male peers. Contrary to existing literature, adolescents from lower-income school quintiles reported lower levels of perceived stress than those from higher-income quintiles. These findings suggest that the relationship between socioeconomic status and stress may be more complex in this context and warrants further investigation.

These findings highlight the need for sex-sensitive public health strategies targeting adolescent females and suggest that biological and behavioral factors may exert a more substantial influence on early NCD risk than socioeconomic or psychosocial variables. Furthermore, the limited availability of high-quality, context-specific research on adolescents in low-quintile South African schools highlights the need for more robust investigations. Future studies should explore school-based interventions and adopt multilevel designs that consider demographic, environmental, and societal influences to fully capture the complexity of NCD risk development in adolescents.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by University Health Research Ethics Committee (Ref#2022 = 02 = 09 = AM). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

AM: Writing – original draft, Writing – review & editing. MG: Writing – original draft, Writing – review & editing. RN: Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. The work reported herein was made possible through funding by the South African Medical Research Council through its Division of Research Capacity Development under the SAMRC Research Capacity Development Initiative, from funding received from the South African National Treasury. The content hereof is the authors' sole responsibility and does not necessarily represent the official views of the SAMRC or the funders.


Acknowledgments

We thank all the participants for participating in the study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 1. Monyeki,MA, Neetens,R, Moss,SJ, and Twisk,J. The relationship between body composition and physical fitness in 14-year-old adolescents residing within the Tlokwe local municipality, South Africa: the PAHL study. BMC Public Health. (2012) 12:374. doi: 10.1186/1471-2458-12-374 
	 2. Kassa,M, and Grace,J. The global burden and perspectives on non-communicable diseases (NCDs) and the prevention, data availability and systems approach of NCDs in low-resource countries. In: EE Anugwom and N Awofeso editors. Public health in developing countries-challenges and opportunities. London: IntechOpen (2019). doi: 10.5772/intechopen.89516
	 3. Goswami,N. A dual burden dilemma: navigating the global impact of communicable and non-communicable diseases and the way forward. Int J Med Res. (2024) 1:29–41. doi: 10.55489/ijmr.11202412
	 4. World Health Organization. The WHO special initiative for mental health (2019–2023): Universal health coverage for mental health. Geneva: World Health Organization (2019).
	 5. Wrottesley,SV, Pedro,TM, Fall,CH, and Norris,SA. A review of adolescent nutrition in South Africa: transforming adolescent lives through nutrition initiative. S Afr J Clin Nutr. (2020) 33:94–132. doi: 10.1080/16070658.2019.1607481
	 6. Svendsen,MT, Bak,CK, Sørensen,K, Pelikan,J, Riddersholm,SJ, Skals,RK , et al. Associations of health literacy with socioeconomic position, health risk behavior, and health status: a large national population-based survey among Danish adults. BMC Public Health. (2020) 20:565. doi: 10.1186/s12889-020-08498-8 
	 7. Mohamed,NA. Prevalence of risk factors for diabetes mellitus and hypertension among adult in Tabuk - Kingdom of Saudi Arabia. Open Access Maced J Med Sci. (2019) 7:831–7. doi: 10.3889/oamjms.2019.046 
	 8. Negrea,MO, Neamtu,B, Dobrotă,I, Sofariu,CR, Crisan,RM, Ciprian,BI , et al. Causative mechanisms of childhood and adolescent obesity leading to adult cardiometabolic disease: a literature review. Appl Sci. (2021) 11:11565. doi: 10.3390/app112311565
	 9. Kechter,A, Black,DS, Riggs,NR, Warren,CM, Ritt-Olson,A, Chou,CP , et al. Factors in the perceived stress scale differentially associated with mindfulness disposition and executive function among early adolescents. J Child Fam Stud 2019;28:814–21. 326, 821, doi: 10.1007/s10826-018-01313-4 
	 10. Draper,CE, Tomaz,SA, Bassett,SH, Harbron,J, Kruger,HS, Micklesfield,LK , et al. Results from the healthy active kids South Africa 2018 report card. S Afr J Child Health. (2019) 13:130–6. doi: 10.7196/SAJCH.2019.v13i3.1640 
	 11. Debeila,S, Modjadji,P, and Madiba,S. High prevalence of overall overweight/obesity and abdominal obesity amongst adolescents: an emerging nutritional problem in rural high schools in Limpopo Province, South Africa. Afr J Primary Health Care Fam Med. (2021) 13:1–9. doi: 10.4102/phcfm.v13i1.2596 
	 12. Dookhony,LN, Lombard,CJ, and Zöllner,EW. Children and adolescents with diabetes at Tygerberg hospital–at risk of cardiovascular complications? S Afr J Child Health. (2022) 16:206–9. doi: 10.7196/SAJCH.2022.v16i4.1862 
	 13. Poobalan,N, Bruno,P, Ebrahim,V, Somasundram,P, Zaheer,B, Reyna,D , et al. Clinical characteristics and glycaemic control in adults living with type 1 diabetes: a 1-year retrospective chart review at two south African public sector tertiary hospitals. Wits J Clin Med. (2023) 5:139–46. doi: 10.18772/26180197.2023.v5n3a1
	 14. Lesage,S, Deacon,E, Van Rensburg,E, and Segal,D. ‘It kinda sucks’: illness perception of a group of south African adolescents with type 1 diabetes mellitus. Afr J Primary Health Care Fam Med. (2021) 13:2782. doi: 10.4102/phcfm.v13i1.2782 
	 15. World Health Organization. Progress on the prevention and control of noncommunicable diseases in the Western Pacific region: Country capacity survey 2017. Geneva: World Health Organization (2018).
	 16. Siddiqui,SA, Azmy Harahap,I, Suthar,P, Wu,YS, Ghosh,N, and Castro-Muñoz,R. A comprehensive review of phytonutrients as a dietary therapy for obesity. Foods. (2023) 12:3610. doi: 10.3390/foods12193610 
	 17. Ozsu,E, Cizmecioglu,FM, Yesiltepe Mutlu,G, Yuksel,AB, Calıskan,M, Yesilyurt,A , et al. Maturity onset diabetes of the young due to glucokinase, HNF1-a, HNF1-B, and HNF4-a mutations in a cohort of Turkish children diagnosed as type 1 diabetes mellitus. Horm Res Paediatr. (2019) 90:257–65. doi: 10.1159/000494431 
	 18. Masocha,V, Monyeki,MA, and Czyż,SH. Longitudinal relationships between changes in body composition and changes in selected metabolic risk factors (abdominal obesity and blood pressure) among south African adolescents. PeerJ. (2020) 8:e9331. doi: 10.7717/peerj.9331 
	 19. Stats SA. Demographic profile of adolescents in South Africa. Pretoria: Statistics South Africa (2018).
	 20. Nqweniso,S, Walter,C, du Randt,R, Aerts,A, Adams,L, Degen,J , et al. Prevention of overweight and hypertension through cardiorespiratory fitness and extracurricular sport participation among south African schoolchildren. Sustainability. (2020) 12:6581. doi: 10.3390/su12166581
	 21. Gradidge,PJ, Norris,SA, Micklesfield,LK, and Crowther,NJ. The role of lifestyle and psycho-social factors in predicting changes in body composition in black south African women. PLoS One. (2015) 10:e0132914. doi: 10.1371/journal.pone.0132914 
	 22. Daniel,GO, Amusa,L, Mhlongo,D, Khoza,L, and Anyanwu,F. Elevated blood pressure among rural south African children in Thohoyandou, South Africa. Iran J Public Health. (2013) 42:489.
	 23. Bhimma,R, Naicker,E, Gounden,V, Nandlal,L, Connolly,C, and Hariparshad,S. Prevalence of primary hypertension and risk factors in grade XII learners in KwaZulu-Natal, South Africa. Int J Hypertens. (2018) 2018:1–9. doi: 10.1155/2018/3848591 
	 24. Kamkuemah,M, Gausi,B, and Oni,T. (n.d.) A high prevalence of NCD multimorbidity in South African adolescents and youth living with HIV: implications for integrated prevention. doi: 10.21203/rs.2021Feb11;3
	 25. Letswalo,BP, Schmid-Zalaudek,K, Brix,B, Matjuda,EN, Klosz,F, Obernhumer,N , et al. Cardiometabolic risk factors and early indicators of vascular dysfunction: a cross-sectional cohort study in south African adolescents. BMJ Open. (2021) 11:e042955. doi: 10.1136/bmjopen-2020-042955 
	 26. Makhubela,M. Assessing psychological stress in south African university students: measurement validity of the perceived stress scale (PSS-10) in diverse populations. Curr Psychol. (2022) 41:2802–9. doi: 10.1007/s12144-020-00784-3
	 27. Reilly,JJ, and Kelly,J. Long-term impact of overweight and obesity in childhood and adolescence on morbidity and premature mortality in adulthood: systematic review. Int J Obes. (2011) 35:891–8. doi: 10.1038/ijo.2010.222 
	 28. Akseer,N, Kandru,G, Keats,EC, and Bhutta,ZA. COVID-19 pandemic and mitigation strategies: implications for maternal and child health and nutrition. Am J Clin Nutr. (2020) 112:251–6. doi: 10.1093/ajcn/nqaa171 
	 29. Lindholdt,L, Labriola,M, Andersen,JH, Kjeldsen,MM, Obel,C, and Lund,T. Perceived stress among adolescents as a marker for future mental disorders: a prospective cohort study. Scand J Public Health. (2022) 50:412–7. doi: 10.1177/1403494821993719 
	 30. Ravens-Sieberer,U, Erhart,M, Devine,J, Gilbert,M, Reiss,F, Barkmann,C , et al. Child and adolescent mental health during the COVID-19 pandemic: results of the three-wave longitudinal COPSY study. J Adolesc Health. (2022) 71:570–8. doi: 10.1016/j.jadohealth.2022.06.022 
	 31. Stormacq,C, den Van Broucke,S, and Wosinski,J. Does health literacy mediate the relationship between socioeconomic status and health disparities? Integrative review. Health Promot Int. (2019) 34:e1–e17. doi: 10.1093/heapro/day062 
	 32. Carballo,JJ, Llorente,C, Kehrmann,L, Flamarique,I, Zuddas,A, Purper-Ouakil,D , et al. Psychosocial risk factors for suicidality in children and adolescents. Eur Child Adolesc Psychiatry. (2020) 29:759–76. doi: 10.1007/s00787-018-01270-9 
	 33. Kollamparambil,U. Happiness, happiness inequality and income dynamics in South Africa. J Happiness Stud. (2020) 21:201–22. doi: 10.1007/s10902-019-00075-0
	 34. Demir,E, Bilgin,MH, Karabulut,G, and Doker,AC. The relationship between cryptocurrencies and COVID-19 pandemic. Eurasian Econ Rev. (2020) 10:349–60. doi: 10.1007/s40822-020-00154-1
	 35. World Health Organization. Global health risks: Mortality and burden of disease attributable to selected major risks. Geneva: World Health Organization (2009).
	 36. Otitoola,O, Oldewage-Theron,W, and Egal,A. Prevalence of overweight and obesity among selected schoolchildren and adolescents in Cofimvaba, South Africa. S Afr J Clin Nutr. (2021) 34:97–102. doi: 10.1080/16070658.2020.1733305
	 37. Hassan,G, El Sayed,HI, and El-aasar,HN. Basnef model: it is effect on blood glucose level among children with diabetes mellitus. IOSR J Nurs Health Sci. (2020) 8:53–65. doi: 10.9790/1959-0806125365
	 38. Dhungana,RR, Bista,B, Pandey,AR, and de Courten,M. Prevalence, clustering and sociodemographic distributions of non-communicable disease risk factors in Nepalese adolescents: secondary analysis of a nationwide school survey. BMJ Open. (2019) 9:e028263. doi: 10.1136/bmjopen-2018-028263 
	 39. Goryakin,Y, Lobstein,T, James,WP, and Suhrcke,M. The impact of economic, political and social globalization on overweight and obesity in the 56 low and middle income countries. Soc Sci Med. (2015) 133:67–76. doi: 10.1016/j.socscimed.2015.03.030 
	 40. Kimani-Murage,EW, Kahn,K, Pettifor,JM, Tollman,SM, Dunger,DB, Gómez-Olivé,XF , et al. The prevalence of stunting, overweight and obesity, and metabolic disease risk in rural South African children. BMC Public Health. (2010) 10:158. doi: 10.1186/1471-2458-10-158 
	 41. Mchiza,ZJ, Parker,WA, Makoae,M, Sewpaul,R, Kupamupindi,T, and Labadarios,D. Body image and weight control in South Africans 15 years or older: SANHANES-1. BMC Public Health. (2015) 15:992. doi: 10.1186/s12889-015-2324-y 
	 42. Jones,ES, Esack,I, Mangena,P, and Rayner,BL. Hypertension in adolescents and young adults referred to a tertiary hypertension clinic in Cape Town, South Africa. Medicine. (2020) 99:e23137. doi: 10.1097/MD.0000000000023137 
	 43. Ibrahim,Q, and Ahsan,M. Measurement of visceral fat, abdominal circumference and waist-hip ratio to predict health risk in males and females. PJBS. (2019) 22:168–73. doi: 10.3923/pjbs.2019.168.173 
	 44. Östberg,V, Almquist,YB, Folkesson,L, Låftman,SB, Modin,B, and Lindfors,P. The complexity of stress in mid-adolescent girls and boys: findings from the multiple methods school stress and support study. Child Indic Res. (2015) 8:403–23. doi: 10.1007/s12187-014-9245-7
	 45. Reddy,SP, Resnicow,K, James,S, Kambaran,N, Omardien,R, and Mbewu,AD. Underweight, overweight and obesity among south African adolescents: results of the 2002 National Youth Risk Behaviour Survey. Public Health Nutr. (2009) 12:203–7. doi: 10.1017/S1368980008002656 
	 46. Porter,SR, and Pryor,J. The effects of heavy episodic alcohol use on student engagement, academic performance, and time use. J Coll Stud Dev. (2007) 48:455–67. doi: 10.1353/csd.2007.0042
	 47. Luthar,SS, and Becker,BE. Privileged but pressured? A study of affluent youth. Child Dev. (2002) 73:1593–610. doi: 10.1111/1467-8624.00492 
	 48. Gurmaita,A, and Shakya,S. Behavioral risk factors for non-communicable diseases (NCDs) among adolescents in Mahalaxmi municipality of Lalitpur district, Nepal: a school-based cross-sectional study. Nepal J Public Health. (2024) 1:51–6. doi: 10.70280/njph(2024)v1i1.5
	 49. MacLeod,J, Yang,HH, Zhu,S, and Li,Y. Understanding students’ preferences toward the smart classroom learning environment: development and validation of an instrument. Comput Educ. (2018) 122:80–91. doi: 10.1016/j.compedu.2018.03.015
	 50. Steen,PB, Poulsen,PH, Andersen,JH, and Biering,K. Subjective social status is an important determinant of perceived stress among adolescents: a cross-sectional study. BMC Public Health. (2020) 20:396. doi: 10.1186/s12889-020-08509-8 
	 51. Rosengren,A, Smyth,A, Rangarajan,S, Ramasundarahettige,C, Bangdiwala,SI, AlHabib,KF , et al. Socioeconomic status and risk of cardiovascular disease in 20 low-income, middle-income, and high-income countries: the prospective urban rural epidemiologic (PURE) study. Lancet Glob Health. (2019) 7:e748–60. doi: 10.1016/S2214-109X(19)30045-2 
	 52. Uddin,R, Lee,EY, Khan,SR, Tremblay,MS, and Khan,A. Clustering of lifestyle risk factors for non-communicable diseases in 304,779 adolescents from 89 countries: a global perspective. Prev Med. (2020) 131:105955. doi: 10.1016/j.ypmed.2019.105955 
	 53. Urmy,NJ, Hossain,MM, Shamim,AA, Khan,MS, Hanif,AA, Hasan,M , et al. Noncommunicable disease risk factors among adolescent boys and girls in Bangladesh: evidence from a national survey. Osong Public Health Res Perspect. (2020) 11:351–64. doi: 10.24171/j.phrp.2020.11.6.03 
	 54. Nunes,BP, Flores,TR, Mielke,GI, Thumé,E, and Facchini,LA. Multimorbidity and mortality in older adults: a systematic review and meta-analysis. Arch Gerontol Geriatr. (2016) 67:130–8. doi: 10.1016/j.archger.2016.07.008 
	 55. IBM Corp. (2018).


Copyright
 © 2025 Mathe, van Gente and van Niekerk. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		A comparative analysis of non-communicable disease risk among adolescents aged 12 to 18 in the Eastern Cape, South Africa, with regard to sex, school quintiles, and perceived stress



		Introduction



		Materials and methods



		Study design



		Setting



		Inclusion and exclusion criteria



		Study population and sampling strategy



		Data collection



		Data analysis



		Ethical consideration









		Results



		Discussion



		Limitations









		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fpubh-13-1672715-g001.jpg
Six Districts in Eastern Cape

District 1 District 2
n=120 (45,1%) n=146 (54,9%)
Quantile 1-3 Quantile 4-5 Quantile 1-3 Quantile 4-5

n=96 (361%)| | n=24(9,0%) n=78(293%) | n=68(256%)

School A School B School C School D
n=67(252%) n=29 (10,9%) n=31(1,7%) n=22(83%)
M=29 (26,1%) M= 14 (12.8%) M=8(72%) M= 11 (9,9%)
F=38(2,4%) F=15(9,7%) F=23(14,%) F=11(71%)
School E School F

n=22 (83%) n=46 (173%)
M=1199%) | | M=19 (171%)
F=11(71%) F=27 (174%)






OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

A comparative analysis of
non-communicable disease risk
among adolescents aged 12 to 18
in the Eastern Cape, South Africa,
with regard to sex, school
quintiles, and perceived stress












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






