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Background: For school-age children, a healthy transition from childhood to adolescence and adulthood depends on proper nutrition. Globally, most nutritional surveys focus on preschool and adolescents, neglecting school-age children. Recent studies have shown the prevalence of thinness among adolescents to be 26.5% in Karnataka. Similarly, among children aged < 5 years in the Raichur district, the prevalence of stunting, wasting, and being underweight was 39.8, 23.2, and 40.7%, respectively. The present study aimed to bridge the data gap between < 5 years of children and adolescents through a nutritional survey of school-going children in Raichur, one of the aspirational districts of India.

Materials and methods: A cross-sectional survey was conducted from January to March 2020 among rural school-age children (n = 2700) in 30 villages of the Raichur district of Karnataka, India. The school children were selected through a multi-stage cluster sampling technique. The WHO Anthro-plus software was used for calculating the age and sex-specific Z-scores for weight-for-age (WAZ), height-for-age (HAZ), and BMI-for-age (BAZ).

Results: Of the 2,700 school-age children surveyed, the mean weight and height were 22.2 kg (+5.8) and 124.9 cm (+11.6), respectively. The prevalence of children having weight-for-age Z-scores < −2 SD (Underweight) was 45.3% (95% CI: 42.7%−47.8%). The magnitude of stunting and severe stunting was 19.5% (95% CI: 18.0%−21.0%) and 7.6% (95% CI: 6.6%−8.6%), respectively. The proportion of children with BMI for age Z-scores < −2SD (thinness) was 43% (95% CI: 41.1%−44.9%), with sub-district Sindhanur having a dual burden of malnutrition.

Conclusion: Despite many flagship programs, the prevalence of undernutrition in school-age children remains a considerable public health problem in the aspirational district of Raichur, India. Furthermore, exploratory studies are recommended to identify the factors associated with undernutrition among school-age children and strategize evidence-based intervention.
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Introduction/background

Undernutrition is still a significant health challenge globally, especially in low- and middle-income countries (1). Undernutrition comprises four forms: stunting (low height-for-age), wasting (low weight for height), underweight (low weight-for-age), and micronutrient deficiencies. Globally in 2020, 149 million children were stunted, 45 million were estimated to be wasted, and approximately 45% of deaths among children below the age of 5 years were associated with undernutrition (2). A recently conducted National Family Health Survey-5 in India during 2019–2020 estimated that 35%, 19.3%, and 32.1% of children younger than 5 years were stunted, wasted, and underweight, respectively (3). Despite several large-scale flagship programs such as the Mid-Day Meal Scheme, Integrated Child Development Services (ICDS), and Prime Minister's Overarching Scheme for Holistic Nutrition (POSHAN), the persistence of undernutrition in India is impeding the efforts to achieve the targets set by the National Nutrition Mission in which the aim is to reduce the stunting in children (0–6 years of age) from 38.4% to 25% by 2022 (Mission 25 by 2022) in India (4, 5).

Undernourished children have a high risk of infection due to immune dysfunction (6, 7), growth flattering (8), neurocognitive impairment, decreased physical capacity, poor academic performance, increased absenteeism, and early school dropout (7, 9–11). While monitoring the nutritional indicators among children younger than 5 years has always been key in the Millennium Development Goals, the Sustainable Development Goals, and the NFHS-5 survey in India (3, 12, 13), it has inadvertently led to overlooking nutritional status among school-age children. Older children and adolescents are mainly at risk of undernutrition because they experience a growth spurt, requiring all essential macronutrients and micronutrients to supplement the body's increased demand for attaining puberty and development. Many studies have also documented that undernutrition is associated with delayed sexual maturation, which is required to achieve an adult's developmental potential (14, 15).

Globally, most nutritional surveys primarily focus on children of < 5 years and adolescents (11–15), neglecting school-going children, which have been highlighted in a few studies conducted in India and African countries (7, 10, 16). A nutritional survey of school-going children is essential in understanding their transition from childhood to adolescence and adulthood (14–17). The preschool years are the first crucial time for intervention when a child's overall growth is compromised. However, some studies have shown evidence of catch-up growth beyond the preschool age. With the right nutritional interventions, school-going children who are undernourished have a significantly high chance of catching up during the pubertal period (the second crucial time) (15, 18, 19). The World Health Organization (WHO) added growth standards for children aged 5 to 19 years in 2007 by using the prevalence of stunting, underweight, and thinness as undernutrition indicators rather than wasting in recognition of the importance of the age group and to close the gap (20). Despite that, nutritional data on school-aged children are globally scarce, including in India (21, 22).

India is a large nation with a diverse geography, climatic conditions, socioeconomic distribution, religion, culture, and food habits. Thus, the prevalence of undernutrition differs substantially between the states and districts. NITI Aayog of the Government of India introduced the Aspirational Districts Programme in 2018 to catalyze development in the 112 most backward districts of the country (23, 24). In Karnataka, Raichur and Yadgir are the only two districts in the Aspirational Districts Programme. The program aims to rapidly and sustainably transform the backward districts to catch up with the rest of the country in terms of key development indicators. The Aspirational Districts Programme is a holistic effort to address all aspects of development, including health and nutrition. The introduction of the Aspirational Districts Programme recognizes that despite decades of action, there are still significant disparities in the development across India. The program will go a long way in ensuring that the fruits of development reach all sections of society, especially the most vulnerable and marginalized (24). Raichur district has a low literacy rate of 59.56%, indicating limited educational attainment (25). The NITI Aayog report highlights that 32.19% of the population in Raichur experiences multidimensional poverty, emphasizing the prevalence of socioeconomic challenges in the region (26).

The prevalence of stunting, wasting, and being underweight among children aged < 5 years was 39.8, 23.2, and 40.7%, respectively, in the Raichur district (27). The prevalence of thinness among adolescents was 26.5% in the state of Karnataka (28). There is a need to bridge the data gap regarding the growth and nutritional status between children of age < 5 years and adolescents. Hence, the present study was designed to evaluate the nutritional status among school-age children in one of the aspirational districts of India.



Materials and methods


Study design

The present cross-sectional study was conducted on rural school-going children (6–12 years), which was chosen using a multi-stage cluster sampling method. It was a part of the Iodine Deficiency Disorder survey conducted in the rural areas of the Raichur district from January to March 2020. The survey was solicited by the Deputy Director of Nutrition, Directorate of Health and Family Welfare Services, Government of Karnataka.



Study setting and participants

Five clusters/sub-districts covering 30 villages in the Raichur district, Karnataka, were included in the study. The number of villages covered in each sub-district/taluka was; Devadurga 5, Lingasugur 7, Manvi 7, Raichur 6, and Sindhanur 5 villages. The children of age group 6–12 years studying in the government primary schools of the selected villages were included in the study.



Sample size and sampling techniques

This study was a part of the Iodine Deficiency Disorders (IDD) survey conducted under the National Iodine Deficiency Disorders Control Programme (NIDDCP). Thus, followed the sample size and sampling method as per Revised NIDDCP guidelines (29). No formal sample size estimation was carried out for the study. The samples were selected using a multi-stage cluster sampling method with probability proportional to size. The survey involved a sample size of 2,700 students, comprising 90 children from each village. Figure 1 describes the flow of sampling conducted during the study.


[image: Figure 1]
FIGURE 1
 Flowchart summarizing the sampling process adopted during the study.




Selection of the villages using the PPS method

A total of 30 villages from the five sub-districts/talukas of the Raichur district were selected using the PPS systematic sampling method. Initially, the complete list of villages and the population were obtained from the Zilla Panchayat Office, Raichur. Later, the villages were selected after calculating sampling intervals, and the first village was chosen randomly. The following steps were involved during the selection process of the villages.

1. Number of villages = 30

2. Calculation of sampling interval
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3. Selection of random start between 1 to k, say “n”

4. Selected random numbers were n, n+k, n+2k,............... n+29k.

Finally, five villages from Devadurga, seven from Lingasugur, seven from Manvi, six from Raichur, and five from Sindhanur were included.



Selection of the school in the village by simple random sampling

Many of the chosen villages had one primary school; in the villages with more than one primary school, the school was selected randomly by the balloting method.



Selection of the students from schools by systematic random sampling

On the day of the visit, the list of students (6–12 years) present was obtained from the attendance register of the school. The students in each school were stratified by their grades and gender. Both male and female children were included proportionately in a 1:1 ratio. Later, 90 students allocated to the school were distributed to six participating grades, proportionately based on the student population in the class. Finally, students were selected in each stratum using a systematic random sampling technique.



Ethical consideration

The study documents were reviewed and approved by the Institutional Ethics Committee of Raichur Institute of Medical Sciences (RIMS), with approval number RIMS/IEC/Approval/02/22–23. During the survey, written consent from the parents/guardians of the students was obtained. Verbal assent was taken from the children between the age of 6 and 12 years. Before starting the survey, permission was sought from the concerned government officials.



Anthropometric data collection

The data were collected by the qualified and trained doctors of RIMS and a medical scientist from the Model Rural Health Research Unit (Indian Council of Medical Research—National Institute of Traditional Medicine) using a pretested, structured questionnaire and a checklist to record anthropometric measurements. Before the survey, the data collecting team was trained at RIMS, Raichur, regarding data collection, anthropometric measurements, and clinical assessment. Weights in kilograms were recorded to the nearest 100 g (0.1 kg) using SECA®813 digital flat scale. Similarly, height was measured in centimeters to the nearest 1 mm (0.1 cm) using SECA portable stadiometer model 213. To minimize error, the height and weight of each child were measured thrice, and the average was considered. Using a standard 10 kg weight, the weighing scale was checked for accuracy and consistency each day before commencing the survey. While measuring the height, the children were asked to stand on the stadiometer in such a way that their heels, buttocks, and heads touched the vertical stand of the stadiometer. The heads of the students were positioned at the Frankfurt Horizontal Line/Eye Ear line to ensure uniformity. Later, the anonymized data were entered into Microsoft Excel for further analysis.



Data analysis

The data were imported into SPSS software (IBM SPSS Statistics for Windows, version 25) and were analyzed for descriptive statistics. Two-sample Z-test of proportions was performed to determine any significant difference in age and gender characteristics. Z-scores were computed using the WHO Anthro-plus software for weight-for-age (WAZ), height-for-age (HAZ), and BMI for age (BAZ). Underweight, stunting, and thinness were assessed using WAZ, HAZ, and BAZ, respectively, based on the WHO growth reference 2007 criteria for measuring malnutrition in school-age children (20). Z-score values below−2SD were considered underweight, thin, and stunted. Z-scores between−2SD and−3SD were considered moderate, whereas < −3SD was considered severe. BAZ greater than +1SD and less than +2SD was referred to as overweight, +2SD to +3SD as obese, and > +3SD was defined as severely obese. The WAZ was calculated up to the age of 9 years (119 months), as it is insufficient for growth monitoring beyond 10 years due to its inability to differentiate between relative height and body mass. The distribution plots of Z-scores based on age, sex, and cluster (taluka) compared with WHO child growth standards were also generated using WHO Anthro-plus software.




Results

The study included 2,700 rural school students from 30 different schools in the Raichur district of Karnataka. After data cleaning, measurements for weight and height were available for 2,602 (96.4%) and 2,688 (99.5%) students, respectively. The age of children ranged from 72 to 155 months. There was an even distribution of male (1,349; 49.9%) and female (1,351; 50.1%) school children for the study. The mean weight and height of the study sample were 22.2 kg (+5.8) and 124.9 cm (+11.6), respectively (Table 1). Figure 2 illustrates the prevalence of underweight, stunting, and thinness categorized by age and gender. The kernel density plots for WAZ, HAZ, and BAZ portrayed skewness toward the left side when compared with the WHO growth standard graph (Figure 3).


TABLE 1 Characteristics of the school children surveyed in the rural areas of the Raichur district.
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FIGURE 2
 Prevalence of undernutrition, stunting, and thinness among school age children (6–12 years) categorized by age and gender.
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FIGURE 3
 Kernel density plots displaying Z-score distribution of Weight-for-Age, Height-for-Age, and BMI- for-Age by gender compared with WHO reference 2007 (61 months to 19 years) normal distribution curve.



Weight-for-age

Of the 1,540 total samples, 698 (45.3% (95% CI: 42.7%−47.8%) children had a WAZ score below−2 SD (underweight). The prevalence of severe underweight among the children was 17.8% (95% CI: 15.8%−19.7%). Male children were more likely to be underweight at 47.4% (95% CI: 43.7%, 51%) compared with female children at 43.2% (95% CI: 39.7%−46.8%); however, the difference was not statistically significant (p-value = 0.098). In male children, the prevalence of underweight was high in the age group of 96–107 months 60.9% (95% CI: 53.8–68%); whereas in female children, it was high in 108–119 months, 51.5% (95% CI: 44.3–58.7%); of age (Figure 2; Table 2).


TABLE 2 Distribution of weight-for-age among the school children of age 6–9 years in the rural areas of Raichur district, Karnataka, India.
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Height-for-age

Among 2,688 school children, stunting (HAZ score below−2 SD) was found in 27.2% (95% CI: 25.5%−28.9%), and the proportion of severe stunting was 7.6% (95% CI: 6.6%−8.6%). Female children were marginally more stunted as compared with male school children (28.6% (95% CI: 26.1%−31%) vs. (25.7% (95% CI: 23.4%−28.1%) but not statistically significant (p-value = 0.0841). Within the age group, stunting was high in the age group of 144–155 months in both male (34.0%) and female (43.7%) school children, and the difference between the genders was significant with a p-value of < 0.001 (Table 3). The graph generated from the WHO AnthroPlus has also shown the distribution of the HAZ scores among the school children shifted toward the left compared with the WHO growth standard graph (Figure 3).


TABLE 3 Distribution of height-for-age among the school children of age 6–12 years in the rural areas of Raichur district, Karnataka, India.
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BMI-for-age

The prevalence of severe thinness, thinness, overweight, obesity, and severe obesity in school-age children was shown by the distribution of BAZ scores in the study samples to be 21.4% (95% CI: 19.8%−23%), 21.6% (95% CI: 20.1%−23.2%), 2.5% (95% CI: 1.9%−3.1%), 1% (95% CI: 0.6%−1.4%), and 0.8% (95% CI: 0.5%−1.2%), respectively. In male and female children combined, the prevalence of thinness [(46.2%) (41%−51.3%)] was high in the age group of 144–155 months. The study's findings depicted a statistically significant (p-value = 0.0001) higher prevalence of thinness in male children [(46.8%) (95% CI: 44.1%−49.6%)] than in female children [(39.3%) (95% CI: 36.6%−41.9%)]. In male children of the age group of 96–107 months, the prevalence of thinness was much higher [(54.4% (95% CI: 46.9%−61.9%)] compared with the other age groups. Similarly, in female children, the prevalence of thinness [(41.7%) (95% CI: 34.4%−49%]) was high in the age group of 84–95 months (Figure 2; Table 4).


TABLE 4 Distribution of BMI-for-age among the school children of age 6–12 years in the rural areas of Raichur district, Karnataka, India.
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Geographical/cluster distribution

The geographical distribution of WAZ score <-2SD was high in Lingasugur taluka at 48.9% (95% CI: 43.8%−54.0%), followed by Devadurga at 46.5% (95% CI: 40.5%−52.6%), Manvi at 45.1% (95% CI: 40.0%−50.3%), Raichur at 43.5% (95% CI: 37.9%−49.1%), and Sindhanur at 40.9% (95% CI: 34.8–46.9). The distribution of HAZ score <-2SD was more in Devadurga taluka at 34.6% (95% CI: 30.1%−39.1%), and it was the least in Manvi at 20.0% (95% CI: 16.8%−23.2%). Among all the districts, the prevalence of thinness BMI-Z scores <-2SD was high in Manvi taluka at 49.4% (95% CI: 45.3%−53.4%) followed by Lingasugur taluka at 46.5% (95% CI: 42.4%−50.6%) and other talukas of Raichur district. Severe thinness (< −3SD) was found highly prevalent in Lingasugur, 27.5% (95% CI: 23.8%−31.2%), compared with Manvi taluka, 22.9% (95% CI: 19.5%−26.3%). One of the interesting findings in Sindhanur taluka was the very high prevalence of overweight [(7.2%) (95% CI: 4.6%−9.8%)] and obesity [(3.7%) (1.8%−5.6%)] compared with the rest of the talukas in the district (Table 5).


TABLE 5 Cluster-wise distribution of weight-for-age, height-for-age, and BMI-for-age among the school children of age 6–12 years in the rural areas of Raichur district, Karnataka, India.
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Discussion

The NFHS-5 (2019–2020) findings from the Raichur district have highlighted a high prevalence of stunting (39.8%), wasting (23.2%), and underweight (40.7%) in the under-5 age group (28). The lack of nutritional data in school-age children from one of the most backward districts of Karnataka stressed the immediate need to bridge the gap. Thus, the current study aimed at generating evidence to devise holistic interventions in future. The results of the present study illustrated the perpetuation of undernutrition in school-going children.

The present study found an overall high prevalence of underweight (45.3%), with 17.8% of the children being severely underweight, with no significant difference between the genders. The findings of this study suggest that the prevalence of underweight in the study area was higher compared with the overall prevalence of Karnataka reported in the Comprehensive National Nutritional Survey (CNNS) 2019. According to CNNS data for the age group of 5–9 years, the distribution of WAZ less than−2SD was 35.2% and 39.5% in India and Karnataka, respectively, whereas this study showed that in the Raichur district, it was 45.3%. Similarly, the percentage below−3SD was 10.0% at the national level, 11.3% at the state level (27), and 17.8% at the study district. One of the studies conducted in the Mandya district of Karnataka reported the underweight to be 30.3%, which was significantly less compared with this study's results (30). A study conducted in Telangana, a neighboring state of Karnataka, had reported 30.85% underweight (31), and a study conducted in Punjab found that 58.8% of children (5–9 years) were severely underweight (10). This study showed a higher prevalence of underweight than studies conducted in Sri Lanka, Nigeria, and Nepal (7, 32, 33) and a lower prevalence than a study conducted in Ethiopia, where the prevalence was 59.7% (34). The underweight results of this study mirror the results of the study in Ghana, where the prevalence was 45.8% (35). The studies conducted by Isanaka et al. (36) in Colombia and Ieiri et al. (37) in the Philippines have established a relationship between the underweight and food insecurity, utilizing underweight as a nutritional indicator to assess recent weight loss or taking into consideration people who are unable to gain weight because of a lack of food supply or intake due to episodes of disease (38, 39). The findings of this study make way to explore the challenges associated with food insecurity in the Raichur district, where most of the children mainly depend on mid-day meals to cover most of their daily calorie requirements. The Mid-Day Meal Scheme is a government-sponsored program in India that aims to improve the nutritional status among primary and upper primary school children by providing free mid-day meals, meeting the minimum nutritional standard of 450–700 kCal and 12–20 g of protein (40).

Another notable finding of this study was the left-side skewness of the HAZ kernel density plots compared with the WHO growth standard graph, indicating the high prevalence of stunting. The distribution of stunting in the study area was more when compared with that of Karnataka (27). The study results align with the findings of the studies conducted in the south Indian districts of Mandya and Karimnagar (30, 31); however, higher compared with the study in Sri Lanka (32) and Nigeria (7) and much lower compared with the study undertaken in Ethiopia by Herrador et al. (41). According to the report of NFHS-5 data and the Raichur district nutrition profile carried out in 2020 by the International Food Policy Research Institute (IFPRI), the prevalence of stunting was approximately 40% among < 5-year-old children (28, 42), indicating that the interventions to address undernutrition have not yielded the expected results in the aspiration district. In this study, the distribution of stunting was found more in female children compared with male children; a similar trend was observed in the study conducted by Nowsin et al. (43) in Bangladesh; in contrast, the study in Srilanka by Naotunna et al. (32) found a higher distribution of stunting in male children than female children. Another study from Abakaliki metropolis of Nigeria found no difference in the stunting proportion between the genders (7). Stunting was most prevalent in the age group of 144–155 months, with a significantly high occurrence among female children compared with male children. The study conducted by Bongale Y T et al. observed that children aged 10–12 years had a 70% higher likelihood of experiencing stunting compared with children aged 6–7 years. One of the reasons could be prolonged exposure to chronic food shortages (44). The finding of higher prevalence among female children could be linked to the factors such as household dynamics, gender bias, and parental preferences, favoring male children (45). Several studies have found that mothers' educational status, poor dietary diversity, household income, and size were significantly associated with stunting (5, 46, 47). Since Raichur is one of the most socioeconomically underdeveloped districts, it is important to identify the causes of stunting, especially in female children because the effects of stunting tend to be passed down from generation to generation and have an impact on pregnancy outcomes such as small for gestational age and preterm birth (48).

The high prevalence of thinness indicates acute undernutrition, perhaps due to an acute shortage in the supply or intake of food (7). This study found a significantly higher prevalence of thinness (43%) than the overall prevalence in India (23.0%) and Karnataka (28.2%) (27). The distribution of thinness was more in male children when compared with female children. One reason could be gender disparities in physical activity levels, contributing to differences in energy expenditure between male and female children. According to a longitudinal study, male children demonstrated a daily increase in local energy expenditure from the age of 5 to 10 years. In contrast, female children experienced a significant 50% decline in physical activity between the age of 6 and 9 years (49, 50). There may be various sociocultural and psychosocial factors that influence the socialization of girls toward physical activity, necessitating further exploration. Similar findings were observed in the study conducted in Sudan, Nigeria, Sri Lanka, and Myanmar (7, 32, 51, 52). One of the interesting findings of the study was the geographical variation in the distribution of BMI for age Z-scores, particularly with the Sindhanur sub-district/taluka, where the prevalence of > +1SD and > +2SD was high compared with that of other talukas in the district as well as that of Karnataka state (27). Sindhanur as a major taluka with thriving commercial and industrial activities (53) may have better socioeconomic conditions, explaining the variation compared with other talukas. This finding implies that the interventions should be segmented and much more comprehensive to tackle both thinness and overweight in the target talukas facing the double burden of malnutrition.

Considering this study among some of the limited studies conducted in India regarding malnutrition in school-age children, the authors acknowledge some limitations in this study. The study results should be interpreted after careful contemplation of the methodology. As the study mainly focused on the children of rural areas, the study's findings are valid, particularly for rural settings. Even though adequately trained doctors from RIMS did the anthropometric measurements, some anthropometric measurement errors attributed to inter-observer and intra-observer bias cannot be denied in the study.



Conclusion

In conclusion, the Raichur district, which is working to catch up with the rest of the country in terms of key development indicators, has a serious problem with undernutrition among school-going children (6–12 years). Additionally, exploratory studies are advised in this age group to break the intergenerational cycle of undernutrition and plan an evidence-based intervention by identifying the factors linked to undernutrition.
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Age groups Weight-for-age** (%)

Years (95% Cl) % < —2SD! (95% ClI)

6 (72-83) 182 143 (8.9%, 19.6%) 30.8 (23.8%, 37.7%) —147 1.41
7 (84-95) 188 17.6 (11.8%, 23.3%) 46.8 (39.4%, 54.2%) —1.96 1.25
8 (96-107) 197 30.5 (23.8%, 37.1%) 60.9 (53.8%, 68%) —2.24 1.25
9 (108-119) 191 152 (9.8%, 20.5%) 49.7 (42.4%, 57.1%) -1.92 121
Total (6-9) (72-119) 758 19.5 (16.6%, 22.4%) 47.4 (43.7%, 51%) -1.91 1.31
Female

6 (72-83) 189 6.9 (3%, 10.8%) 402 (33%, 47.5%) —1.49 115
7 (84-95) 192 109 (6.3%, 15.6%) 41.1 (33.9%, 48.4%) —1.77 119
8 (96-107) 201 194 (13.7%, 25.1%) 39.8 (32.8%, 46.8%) —1.74 1.2
9 (108-119) 200 265 (20.1%, 32.9%) 515 (44.3%, 58.7%) -2 135
Total (6-9) (72-119) 782 16.1 (13.5%, 18.8%) 432 (39.7%, 46.8%) -1.75 124
Both Sexes Combined

6 (72-83) 371 10.5 (7.3%, 13.8%) 35.6 (30.6%, 40.6%) —1.48 1.28
7 (84-95) 380 142 (10.6%, 17.9%) 439 (38.8%, 49.1%) —1.86 122
8 (96-107) 398 249 (20.5%, 29.2%) 50.3 (45.2%, 55.3%) —1.99 1.25
9 (108-119) 391 21 (16.8%, 25.1%) 50.6 (45.6%, 55.7%) —1.96 1.28
Total (6-9) (72-119) 1540 17.8 (15.8%, 19.7%) 453 (42.7%, 47.8%) -1.83 1.27

'ncludes children who are below—3 SD from the WHO Child Growth Standards. **Weight-for-age reference data are not available beyond 10 years because this indicator does not distinguish
between height and body mass in an age period where many children are experiencing the pubertal growth spurt and may appear as having excess weight (by weight-for-age) when in fact they
are just tall.
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Age groups Height-for-age (%)

Years % < —3SD (95% CI) % < —2SD! (95% CI)

6 (72-83) 180 22 (0%, 4.7%) 117 (6.7%, 16.6%) —0.49 141
7 (84-95) 189 7.4 (3.4%, 11.4%) 259 (19.4%, 32.4%) —0.99 153
8 (96-107) 194 57 (2.2%, 9.2%) 222 (16.1%, 28.3%) —L1 1.34
9 (108-119) 189 63 (2.6%, 10.1%) 26.5 (19.9%, 33%) -1.25 115
10 (120-131) 198 7.1 (3.2%, 10.9%) 333 (26.5%, 40.2%) -1.32 1.25
11 (132-143) 190 37 (0.7%, 6.6%) 253 (18.8%, 31.7%) —1.41 115
12 (144-155) 200 135 (8.5%, 18.5%) 34 (27.2%, 40.8%) -1.79 1.09
Total (6-12) (72-155) 1340 6.6 (5.3%, 8%) 257 (23.4%, 28.1%) -121 1.33
Female

6 (72-83) 189 37 (0.7%, 6.7%) 127 (7.7%, 17.7%) —0.66 133
7 (84-95) 192 47 (1.4%, 7.9%) 203 (14.4%, 26.3%) —0.85 1.37
8 (96-107) 201 65 (2.8%, 10.1%) 199 (14.1%, 25.7%) —0.99 145
9 (108-119) 200 4 (1%, 79%) 27 (20.6%, 33.4%) -119 114
10 (120-131) 187 123 (7.3%, 17.3%) 40.1 (32.8%, 47.4%) -17 1.25
11 (132-143) 189 122 (7.2%, 17.1%) 37 (29.9%, 44.2%) -16 1.28
12 (144-155) 190 174 (11.7%, 23%) 43.7 (36.4%, 51%) —-1.92 117
Total (6-12) (72-155) 1348 8.6 (7.1%, 10.1%) 286 (26.1%, 31%) -127 1.36
Both Sexes Combined

6 (72-83) 369 3 (1.1%, 4.9%) 122 (8.7%, 15.7%) —0.58 137
7 (84-95) 381 6 (3.5%, 8.6%) 231 (18.7%, 27.5%) —0.92 145
8 (96-107) 395 6.1 (3.6%, 8.6%) 21 (16.9%, 25.2%) —1.04 14
9 (108-119) 389 5.1 (2.8%, 7.5%) 26.7 (22.2%, 31.3%) 122 114
10 (120-131) 385 9.6 (6.5%, 12.7%) 36.6 (31.7%, 41.6%) —1.51 1.26
11 (132-143) 379 7.9 (5.1%, 10.8%) 311 (26.3%, 35.9%) —1.51 122
12 (144-155) 390 154 (11.7%, 19.1%) 38.7 (33.8%, 43.7%) —1.85 L13
Total (6-12) (72-155) 2688 7.6 (6.6%, 8.6%) 27.2 (25.5%, 28.9%) -124 1.34

Hncludes children who are below—3 SD from the WHO Child Growth Standards.
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Characteristics

Age (n = 2,700)

%)

6 years 373 (13.8%)
7 years 381 (14.1%)
8 years 398 (14.7%)
9 years 392 (14.5%)
10 years 386 (14.3%)
11 years 379 (14.0%)
12 years 391 (14.5%)
Gender (n = 2,700)

Male 1,349 (49.9)
Female 1,351 (50.1)
Height (cm) (Mean +SD) 1249+ 116
Weight (kg) (Mean +SD) 22458
Cluster/Taluka (n = 2,700)

Manvi 630 (23.3%)
Devadurga 450 (16.79%)
Lingasur 630 (23.3%)
Raichur 540 (20.0%)
Sindhanur 450 (16.7%)
Weight for Age (Underweight) (n = 1,540)

Normal 843 (54.7%)
Moderate underweight 423 (27.5%)
Severe underweight 274 (17.8%)
Height for Age (Stunting) (n = 2,688)

Normal 1,958 (72.8%)
Moderate stunting 525 (19.5%)
Severe stunting 205 (7.6%)
BMI for Age (Thinness) (n = 2,602)

Severe Thinness 556 (21.4%)
Thinness 563 (21.6%)
Normal BMI 1,371 (52.7%)
Overweight 65 (2.5%)
Obese 26 (1%)
Severely Obese 21 (0.8%)
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Age groups

BMI-for-age (%)

Years Months N % <-3SD (95%Cl) % < —2SD! (95%Cl) %> +1SD (95%Cl) % >+42SD (95%Cl) %> -+3SD (95%Cl) Mean

6 (72-83) 171 251 (18.4%, 31.9%) 474 (39.6%, 55.1%) 7 (2.9%, 11.1%) 58 (2%, 9.7%) 35 (0.5%,6.6%) | -1.72 1.85
7 (84-95) 176 25 (18.3%, 31.7%) 46.6 (38.9%, 54.29%) 34 (0.4%, 6.4%) 17 (0%, 3.9%) L1 (0%, 3%) -19 1.66
8 (96-107) 182 30.8 (23.8%, 37.7%) 544 (46.9%, 61.9%) 38 (0.8%, 6.9%) 16 (0%, 3.8%) 0.5 (0%, 1.9%) -2.12 1.64
9 (108-119) | 181 193 (13.3%, 25.4%) 409 (33.4%, 48.3%) 6.6 (2.7%, 10.5%) 33 (0.4%, 6.2%) 28 (0.1%,54%) | -1.56 175
10 (120-131) | 195 21 (15%, 27%) 405 (33.4%, 47.7%) 72 (3.3%, 11.1%) 31 (0.4%, 5.8%) 1 (0%, 2.7%) -157 173
11 (132-143) | 188 213 (15.2%, 27.4%) 46.3 (38.9%, 53.7%) 48 (1.5%, 8.1%) 16 (0%, 3.7%) L1 (0%, 2.8%) -18 1.55
12 (144-155) | 190 26.8 (20.3%, 33.4%) 52.1 (44.7%, 59.5%) 37 (0.7%, 6.6%) 05 (0%, 1.8%) 0 (0%, 0.3%) -1.97 15
Total (6-12) | (72-155) | 1283 242 (21.8%, 26.5%) 46.8 (44.1%, 49.6%) 52 (4%, 6.5%) 25 (1.6%, 3.4%) 1.4 0.7%,2.1%) | —1.81 1.68
Female

6 (72-83) 185 189 (13%, 24.8%) 40 (32.7%, 47.3%) 59 (2.3%, 9.6%) 32 (0.4%, 6.1%) 1.1 (0%, 2.8%) -1.57 1.61
7 (84-95) 187 203 (14.3%, 26.4%) 417 (34.4%, 49%) 2.1 (0%, 4.5%) 0 (0%, 0.3%) 0 (0%, 0.3%) -1.78 136
8 (96-107) | 197 17.8 (12.2%, 23.4%) 36.5 (29.6%, 43.5%) 3 (0.4%, 5.7%) 15 (0%, 3.5%) 0 (0%, 0.3%) -1.63 143
9 (108-119) | 191 209 (14.9%, 27%) 408 (33.6%, 48.1%) 47 (1.4%, 8%) 1 (0%, 2.8%) 0 (0%, 0.3%) -1.73 1.6
10 (120-131) | 183 169 (11.2%, 22.6%) 39.3 (32%, 46.7%) 1.6 (0%, 3.8%) 05 (0%, 1.9%) 0 (0%, 0.3%) -1.63 14
1 (132-143) | 187 17.6 (11.9%, 23.4%) 364 (29.2%, 43.5%) 27 (0.1%, 5.3%) 05 (0%, 1.8%) 0 (09, 0.3%) -16 138
12 (144-155) 189 18 (12.2%, 23.7%) 402 (33%, 47.5%) 32 (0.4%, 5.9%) 1.1 (0%, 2.8%) 0.5 (0%, 1.8%) -172 1.39
Total (6-12) (72-155) 1319 18.7 (16.5%, 20.8%) 39.3 (36.6%, 41.9%) 33 (2.3%, 4.3%) 1.1 (0.5%, 1.7%) 0.2 (0%, 0.5%) —1.66 1.45
Both Sexes combined

6 (72-83) 356 219 (17.5%, 26.3%) 435 (38.2%, 48.8%) 65 (3.8%, 9.2%) 45 (2.2%, 6.8%) 22 (0.6%,3.9%) | -1.64 173
7 (84-95) 363 226 (18.19%, 27%) 4.1 (38.8%, 49.3%) 28 (0.9%, 4.6%) 08 (0%, 1.9%) 0.6 (0%, 1.5%) -1.84 151
8 (96-107) | 379 24 (19.6%, 28.4%) 45.1 (40%, 50.3%) 34 (1.5%, 5.4%) 16 (0.2%, 3%) 03 (0%, 0.9%) -1.86 1.55
9 (108-119) 372 202 (15.9%, 24.4%) 40.9 (35.7%, 46%) 5.6 (3.2%, 8.1%) 22 (0.5%, 3.8%) 13 (0%, 2.6%) -1.65 1.67
10 (120-131) 378 19 (15%, 23.1%) 39.9 (34.9%, 45%) 45 (2.3%, 6.7%) 19 (0.4%, 3.3%) 0.5 (0%, 1.4%) -16 1.58
11 (132-143) | 375 195 (15.3%, 23.6%) 413 (36.2%, 46.5%) 37 (1.7%, 5.8%) 11 (0%, 2.2%) 05 (0%, 1.4%) -17 147
12 (144-155) | 379 224 (18.1%, 26.8%) 462 (41%, 51.3%) 34 (1.5%, 5.4%) 0.8 (0%, 1.8%) 03 (0% 0.9%) -1.84 145
Total (6-12) | (72-155) | 2602 214 (19.8%, 23%) 43 (41.1%, 44.9%) 43 (3.5%, 5.1%) 18 (1.3%, 2.3%) 08 (0.4%,12%) | —1.73 157

!Includes children who are below —3SD from the WHO Child Growth Standards.
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Weight—for—age** (%)

(95%Cl) % < —2SD! (95% CI)
Manvi 359 156 (11.9,19.4) 45.1 (40.0,50.3) —176 118
Devadurga | 260 19.2 (14.4,24.0) 46.5 (40.5,52.6) -19 121
Lingasur 368 215 (17.3,25.7) 489 (43.8,54.0) —1.94 137
Raichur 301 159 (11.8,20.1) 435 (37.9,49.1) -182 117
Sindhanur | 252 16.3 (11.7,20.1) 409 (34.8,46.9) 17 136
Total 1540 17.8 (15.8%, 19.7%) 453 (42.7%, 47.8%) —1.83 127
eig or—age

A 9 4 D 9 ea D
Manvi 630 52 (34%, 7.1%) 20 (16.8%, 23.2%) —0.99 13
Devadurga | 448 10.3 (7.3%, 13.2%) 346 (30.1%, 39.1%) —143 1.42
Lingasur 629 5.6 (3.7%, 7.4%) 264 (22.9%, 29.9%) -113 134
Raichur 540 5.4 (3.4%, 7.4%) 28 (24.1%, 31.8%) -131 116
Sindhanur | 441 14.1 (10.7%, 17.4%) 299 (25.5%, 34.3%) —145 147
Total 2688 7.6 (6.6%, 8.6%) 272 (25.5%, 28.9%) —124 134
BMI-for-age (%)

(95%Cl) % < —2SD! (95% CI) (95% CI) (95% Cl) %> +3SD (95% Cl)

Manvi 620 229 (19.5%, 26.3%) 49.4 (45.3%, 53.4%) 18 (0.7%, 2.9%) 03 (0%, 0.8%) 0 (0%, 0.1%) —1.95 1.36
Devadurga | 431 158 (12.2%, 19.3%) 39.2 (34.5%, 43.9%) 44 (2.4%, 6.5%) 07 (0%, 1.6%) 0 (0%, 0.1%) —1.61 145
Lingasur 593 27.5 (23.8%, 31.2%) 46.5 (42.4%, 50.6%) 35 (2%, 5.1%) 12 (0.2%, 2.1%) 07 (0%, 1.4%) 191 1.62
Raichur 528 20.1 (16.6%, 23.6%) 413 (37%, 45.6%) 3 (1.5%, 4.6%) 08 (0%, 1.6%) 02 (0%, 0.79%) —1.71 147
Sindhanur | 430 17.9 (14.2%, 21.6%) 349 (30.3%, 39.5%) 102 (7.3%, 13.2%) 72 (4.6%, 9.8%) 37 (1.8%,56%) | —1.32 189
Total 2602 214 (19.8%, 23%) 43 (41.1%, 44.9%) 43 (3.5%, 5.1%) 18 (1.3%, 2.3%) 08 (0.4%,12%) | —173 157

!ncludes children who are below —33D from the WHO Child Growth Standards, ** Weight-for-age reference data are not available beyond 10 years because this indicator does not distinguish between height and body mass in an age period where many children are
experiencing the pubertal growth spurt and may appear as having excess weight (by weight-for-age) when in fact they are just tall.






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Undernutrition among rural school-age children: a major public health challenge for an aspirational district in Karnataka, India



		Introduction/background



		Materials and methods



		Study design



		Study setting and participants



		Sample size and sampling techniques



		Selection of the villages using the PPS method



		Selection of the school in the village by simple random sampling



		Selection of the students from schools by systematic random sampling



		Ethical consideration



		Anthropometric data collection



		Data analysis







		Results



		Weight-for-age



		Height-for-age



		BMI-for-age



		Geographical/cluster distribution







		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Nutrition

Undernutrition among rural
school-age children: a major
public health challenge for an

aspirational district in Karnataka,
India





OPS/images/fnut-10-1209949-g001.gif
Tora murberofvilages nRichr 4t
-

e (| [ [ (o] |3
3| [T ] [ | [P [ | [ | (3
| [ ot | | v | | | | e | (| |E
' T ,r 1]71 W ns’ ;i
3 | [Toneea | [Tommeswet | [Tomnemwsr | [Toommmers | [immacar| |2
§ | [ [ [ [ [wem] (3

T e e

(| T
o g o ey 108 e

[mmmemosnmeng |

ot T s e e e
e sondad o4 3y






OPS/images/fnut-10-1209949-g002.gif
e









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Nutrition





