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Abstract
Background
In many low-and middle-income countries (LMICs), childhood overweight is increasing, while underweight remains a problem. This study aimed to investigate the association between socio-economic status (SES) and nutritional status among Nepalese school children.

Methods
This cross-sectional study used a multistage random cluster sampling method and included 868 students aged 9–17 years from both public and private schools located in a semi-urban area of Pokhara Metropolitan City, Nepal. SES was determined based on a self-reported questionnaire. Body weight and height were measured by health professionals and body mass index (BMI) was categorized based on the World Health Organization BMI-for-age cut-offs. The association between Lower and Upper SES and BMI was assessed using mixed-effects logistic regression model estimating the adjusted odds ratio (aOR) with a corresponding 95% confidence interval (CI) and compared to Middle SES.

Results
The proportion of obesity, overweight, underweight, and stunting among school children was 4%, 12%, 7%, and 17%, respectively. More girls were overweight/obese compared with boys (20% vs. 13%). The mixed-effects logistic regression model showed that both participants from Lower SES households and Upper SES households had a higher tendency to be overweight compared to participants from Middle SES; aOR = 1.4; 95% CI 0.7–3.1 and aOR = 1.1; 95% CI 0.6–2.1, respectively. Furthermore, stunting and overweight occurred simultaneously.

Conclusions
This study found that about one out of four children and adolescents in the study setting was malnourished. There was a tendency that both participants from Lower SES and Upper SES had higher odds of being overweight compared to participants from Middle SES. Furthermore, both stunting and overweight were present simultaneously in some individuals. This emphasizes the complexity and importance of awareness of childhood malnutrition in LMICs like Nepal.
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Background
Overnutrition is a global public health problem in both adults and children [1–3]. The prevalence of overweight and obesity among children in low-income and middle-income countries (LMICs) is currently accelerating [4–6]. In 2020, an estimated 38.9 million children worldwide under 5 years of age were overweight [7]. Childhood obesity increases the risk of adiposity in adulthood [8] which substantially increases the risk of non-communicable diseases such as cardiovascular diseases, hypertension, diabetes, and cancer [9–13].
In LMICs, higher socio-economic status (SES) is positively associated with overweight/obesity [14, 15]. It has been suggested that this association becomes weaker or even disappears as the overweight/obesity epidemic is progressing [16]. Thus, the association between SES and obesity is complex and some children in LMICs are overweight and stunted simultaneously [17], as part of a double burden of malnutrition [4, 18].
As a low-income country [9], Nepal faces great health challenges as a consequence of its ongoing urbanization and diet transition [19]. The rates of overweight/obesity have nearly tripled in Nepal since the 1980s [20]. In 2015, the prevalence of overweight and obesity among Nepalese children aged 2–19 years was 4.6% and 1.7% for boys and 3.5% and 1.1% for girls, respectively [20].
Knowledge about the relationship between SES and nutritional status among Nepalese school children has so far been limited and no previous research on this topic has been carried out in a semi-urban setting of Nepal. Thus, the aim of this study was twofold: (i) to explore the prevalence of obesity, overweight, underweight, and stunting among school children aged 9–17 years in a semi-urban area of Pokhara Metropolitan City of Nepal, and (ii) to examine whether SES of the household was associated with BMI among school children aged 9–17 years.

Methods
Study setting, design and participants
This cross-sectional study was conducted in a semi-urban area of the Pokhara Metropolitan City of Nepal. Data were collected from March to May 2018. Inclusion criteria were 9–17-year-old school children and attended class on the day of data collection. Exclusion criteria were: missing written consent, missing data for BMI or questionnaire, and any mental or psychological disorders.
Participants were randomly selected through a multistage cluster sampling method. Enrolment lists of all 60 schools in the Pokhara Metropolitan City were provided by Kaski District Education Office. Sixteen schools only offered education up to 5th grade and were thus excluded. Of the remaining 44 schools, two separate lists of public and private schools were generated (21 private and 23 public schools). Using a lottery method, 18 schools from the two lists were randomly selected (10 private and 8 public). Random selection was likewise performed for the inclusion of a minimum of 45 children from each school attending 5th to 9th grade. The school system in Nepal requires a passed exam to move to the next grade. This means that the age of the children in different grades is heterogeneous.

Data collection
Data were collected by a fieldworker who had public health degree and was trained by the principal investigator (PI). A questionnaire was initially prepared in English and then translated into Nepali (the national language). The students filled out the questionnaire and the fieldworker provided guidance when necessary. Subsequently, the field worker and PI measured height, weight and mid-upper arm circumference (MUAC).

Self-administered questionnaire
The self-administered questionnaire included socio-demographic factors such as sex, date of birth, ethnicity, family type, maternal educational level, and occupation. The exposure variable, SES of the household, was calculated based on information about living conditions, household items and livestock adapted from Piryani et al. [21] which is based on questions from the Nepal Demographic and Health Survey [22]. SES was then classified into three categories according to the Equity Wealth Quintile Guide [23]: Lower SES, Middle SES and Upper SES. Terciles were used instead of quintiles due to the smaller sample size of this study compared to larger epidemiological surveys. To make the calculations and division of SES, Principal Component Analysis was used.

Anthropometric measurement
Anthropometric measurements were performed according to World Health Organization (WHO) standards [24]: body weight was measured to the nearest 0.1 kg (kg) on a Báscula digital scale. Heavy clothes and shoes were removed beforehand. Height was measured in metres to the nearest 0.1 cm by a meter tape and without shoes. MUAC was measured on the left arm: the measurement was performed at the mid-point between the olecranon and acromion on a relaxed arm.

Classification of variables
BMI was calculated as weight in kg divided by height squared in meters (kg/m2). The age of the child was based on the birthday of the child from the Nepali calendar and calculated into the age in years and months. The z-scores for BMI were determined and participants were divided into groups of obesity (≥ 2 standard deviations (SD)), overweight (≥ 1 SD), normal weight and underweight (< − 2 SD) based on age and sex according to WHO growth reference BMI-for-age scores for 5–19 years [25]. Children were considered stunted if sex-specific height-for-age z-scores were below minus two SD according to WHO guidelines [25].

Pretesting
The pretesting of the questionnaire took place at a school not included in the sampling framework. Ten children in 9th grade (14–15 years) completed the questionnaire in 15 min. The pretesting showed that the children were not able to answer the question: “how many bigha/katha (the unit used to measure land in Nepal) of agricultural land does your family own?”. Hence, the question was excluded from the study.

Sample size
Based on data from the Global Burden of Disease 2015 Obesity Collaborators [20], the estimated prevalence of overweight was 10%. Furthermore, a non-response rate of 20% was assumed. The sample size was calculated by multiplying the design effect (1.5) and the number of socio-economic strata (3) resulting in a sample size of 778.

Statistical analyses
Data were entered in the REDCap database and analyzed using STATA statistical software version 15 (Stata Corporation, College Station, Texas, USA). Data were checked for linearity, normality, and collinearity before conducting regression analysis. Multivariate mixed-effects logistic regression analysis was used to calculate the adjusted odds ratio (aOR) with a corresponding 95% CI, as a measure of the association between SES of the household and BMI. Potential confounders considered were: age, age-squared, sex, school type, maternal literacy, maternal employment, family type, and ethnicity.

Ethical considerations
Permission to conduct this study was obtained from the Ethical Review Board of Nepal Health Research Council (reg no: 538/2017). Consent to participate in the study was sought from the child and the parents/legal guardian. Written and oral information was given in Nepali to the children and school principals. Signed informed consent from both the participating child and parents/legal guardian, either written or by fingerprint, was obtained. The study abides by “The ethics of research related to healthcare in developing countries” by the Nuffield council on bioethics [26]. Children found to be either overweight, obese or underweight received a letter written in Nepali for their parents or legal guardian and were referred through the channels of local Female Community Health Volunteers to primary health care centers.


Results
Based on the enrolment list, 1041 children were expected to be included in the study. Eighteen children attending the classes on the day of the visit did not appear on the list but were considered eligible for inclusion. A total of 147 children were excluded due to: absence from class (n = 145), mental retardation (n = 1), and rejected participation from parents/legal guardian (n = 1). Of the 912 students eligible for the study, 44 were excluded due to: missing written consent from parents/legal guardian (n = 42), missing age (n = 1), and age > 17 years (n = 1). The final study population included 868 children (response rate = 83%), of wich 428 were boys (49%) and 440 girls (51%). Descriptive characteristics of the study population are presented in Table 1.Table 1Descriptive characteristics of the study participants by SES (n = 868)


	 	Lower SES n = 292
	Middle SES n = 241
	Upper SES n = 335
	Combined n = 868

	Age in years mean ± SD
	12.6 ± 1.5
	12.6 ± 1.3
	12.7 ± 1.3
	12.7 ± 1.4

	Sex, n (%)

	 Girls
	143 (49)
	126 (52)
	171 (51)
	440 (51)

	 Boys
	149 (51)
	115 (48)
	164 (49)
	428 (49)

	MUAC in cm mean ± SD
	20.8 ± 2.6
	20.8 ± 2.5
	21.9 ± 2.9
	21.2 ± 2.7

	BMI-for-age groups, n (%)

	 Underweight
	16 (6)
	20 (8)
	26 (8)
	62 (7)

	 Normal weight
	227 (78)
	188 (78)
	246 (73)
	661 (76)

	 Overweight
	36 (12)
	25 (10)
	47 (14)
	108 (12)

	 Obesity
	13 (4)
	8 (3)
	16 (5)
	37 (4)

	Height-for-age, n (%)

	 Stunted
	61 (21)
	41 (17)
	43 (13)
	145 (17)

	 Normal height-for-age
	231 (79)
	200 (83)
	292 (87)
	723 (83)

	Ethnicity, n (%)

	 Dalits
	91 (31)
	61 (25)
	33 (10)
	185 (21)

	 Disadvantaged Janajatis
	94 (32)
	61 (25)
	76 (23)
	231 (27)

	 Advantaged Jajanatis
	25 (9)
	25 (11)
	65 (19)
	115 (13)

	 Upper caste
	68 (23)
	89 (37)
	154 (46)
	311 (36)

	 Other/do not know
	13 (5)
	4 (2)
	7 (2)
	24 (3)

	School type, n (%)

	 Public
	192 (66)
	107 (44)
	81 (24)
	380 (44)

	 Private
	100 (34)
	134 (56)
	254 (76)
	488 (56)

	Maternal education, n (%)

	 Illiterate
	35 (13)
	6 (3)
	11 (4)
	52 (7)

	 Literate
	237 (87)
	208 (97)
	298 (96)
	743 (93)

	  No education
	1 (0)
	2 (1)
	0 (0)
	3 (0)

	  Primary to secondary level
	156 (53)
	150 (62)
	196 (59)
	502 (58)

	  Higher secondary to bachelor and above
	15 (5)
	16 (7)
	75 (22)
	106 (12)

	  Do not know
	120 (41)
	73 (30)
	64 (19)
	257 (30)

	Maternal employment, n (%)

	 Housewife
	165 (57)
	172 (72)
	224 (67)
	561 (65)

	 Working
	126 (43)
	68 (28)
	110 (33)
	304 (35)

	 Do not know
	1 (0)
	1 (1)
	1 (0)
	3 (0)


BMI Body mass index, MUAC Mid-upper arm circumference
Missing values: MUAC: 183, maternal literacy: 73



Of all participants, 17% (n = 145) were overweight/obese and 7% (n = 62) were underweight. The overweight/obese participants were almost evenly distributed across SES, but the prevalence was higher amongst girls (20%) than boys (13%). Similarly, the number of underweight were also evenly distributed across SES, but the prevalence of underweight was twice as high in boys (10%) than in girls (5%).
The association between SES and both underweight and overweight/obesity is shown in Table 2.Table 2Mixed-effects logistic regression analysis of the association between SES and underweight and overweight/obese showed in odds ratio (OR) with Middle SES as the reference (n = 868)


	 	Underweight
	Overweight/Obese

	Unadjusted OR (95% CI)
	Adjusted OR* (95% CI)
	Unadjusted OR (95% CI)
	Adjusted OR* (95% CI)

	Lower SES
	1.3 (0.7–2.1)
	1.4 (0.8–2.5)
	1.5 (0.8–3.0)
	1.4 (0.7–3.1)

	Middle SES
	1.0 (Reference)
	1.0 (Reference)
	1.0 (Reference)
	1.0 (Reference)

	Upper SES
	13. (0.8–2.2)
	1.3 (0.8–2.3)
	1.0 (0.5–1.9)
	1.1 (0.6–2.1)


SES Socio-economic status, CI Confidence interval, OR Odds ratio
*Adjusted for age, age-squared, sex, school type, maternal literacy, family type, ethnicity and maternal employment



Both participants from Lower SES households (aOR = 1.4; 95% CI 0.7–3.1) and participants from Upper SES households (aOR = 1.1; 95% CI 0.6–2.1) had higher odds of being overweight compared with participants from Middle SES households. The tendency was more pronounced for participants from Lower SES households.
Participants from Lower SES households had same odds (aOR = 1.4; 95% CI 0.8–2.5) of being underweight as participants from Upper SES households (aOR = 1.3; 95% CI 0.8–2.3). None of these OR are statistically significant.
In total, 145 (16.7%) participants were stunted. Stunting prevalence was inversely related to SES with 21% of Lower SES, 17% of Middle SES and 13% of Upper SES being stunted (Fig. 1). The same, more pronounced relationship was observed between stunting and BMI categories. In total, 35.5% of all underweight were stunted, declining to only 6.7% of all overweight (Fig. 2).[image: ]
Fig. 1Prevalence of stunting across Socioeconomic Status. SES Socio-economic status

[image: ]
Fig. 2Prevalence of stunting across BMI groups, BMI Body mass index



Discussion
In this cross-sectional study, almost one out of four (24%) of 868 school participants aged 9–17 years in the semi-urban area of Pokhara Metropolitan city were malnourished (overweight/obese or underweight), with the majority being overweight/obese. Both participants from Lower SES and Upper SES had higher odds of being overweight compared to those from Middle SES. Though not statistically significant, malnutrition seemed to appear in both lower and upper SES of the society. These results should be interpreted with caution and points more towards a tendency than an association. The study also showed that girls were more likely to be overweight than boys. Similar studies have been carried out across Nepal [21, 27–29, 38], the results are summarized in Table 3.Table 3Overview of the literature


	Author
	Study size
	Age, Years
	Setting
	Overweight/Obese
	Underweight
	Stunted

	Piryani et al. 2016 [21]
	360
	16–19
	Public & Private School
	12.2%
	–
	–

	Koirala et al. 2015 [27]
	986
	6–13
	Private School
	25.9%
	10.3%
	–

	Stewart et al. 2013 [28]
	4729
	9–13
14–23
	Rural
	1%
5%
	–
	56.1%
41.2%

	Mansur et al. 2015 [29]
	438
	4–16
	Rural
	–
	10.05%
	24.5%

	Nepal National Micronutrient Status Survey, 2018 [38]
	981 boys
1722 girls
	10–19
10–19
	Urban & Rural
	6%
4.7%
	28% (wasting)
17% (wasting)
	43%
40%

	Hamann et al. (current study)
	868
	9–17
	Public & Private School
	16.7%
	7%
	17%




The prevalence of overweight children in the study by Piryani et al. is in line with the findings of our study. The tendency that children from Upper SES had higher odds of being overweight found in our study is consistent with the findings by Koirala et al. and Piryani et al. However, neither of the two presented data on the association between children from lower groups of SES and overweight, hence we cannot compare this aspect of our study findings.
Additionally, we found a much lower proportion of underweight and stunting than Mansur et al. and Stewart et al. However, they included only children from the rural part of Nepal, whereas our study was conducted in a semi-urban area that includes both urban and rural areas. This may be due to a difference in lifestyle between rural and urban Nepal, which could have an impact on nutritional status in childhood [30]. This is however in contrast to the higher proportions of underweight and stunting also reported in the National Micronutrient Survey, but the report likewise concludes that there is significant geographical variation.
Stunting prevalence tended to decrease with higher BMI and SES. While not surprising to see the highest prevalence of stunted amongst the underweight, it is worth noting that there were also stunted, overweight adolescents. This could be a sign of the double burden of malnutrition eg. concurrent undernutrition and overweight/obesity [31].
Stunting develops almost exclusively during the first 1000 days from conception—that is during fetal life until the child reaches ~ 2 years of age [32]. Maternal undernutrition compromises fetal growth and increases the risk of the child becoming stunted [33].
While the relationship between growth patterns and body composition within life courses is very complex, there is a strong association between rapid weight gain within the first 1000 days of life and lean body mass, whereas rapid weight gain after this point is associated with adult fat mass. Especially those who were undernourished as infants but later in childhood experienced rapid weight gain seem to be at increased risk of adult overweight [32].
This information has to be seen in the light of the ongoing global epidemiologic changes which entail both nutritional, epidemiological and demographic transitions. Whereas these processes have taken place slowly over centuries in high-income countries, many LMICs have experienced an accelerated epidemiologic change over just decades. These rapid changes have caused intragenerational transformations leading to e.g. an overlap of underweight/stunting and later overweight in the same individual [34]. Consistently, data from the World Bank (2016) [35] showed that the GDP and GDP per capita are both steeply increasing in Nepal, and high-fat and animal-source foods are increasingly consumed among low-income groups in LMICs as country-level GDP increases [36].
These processes could be triggering what we are seeing in our study; that some of the children from the lower SES are both overweight and stunted. We speculate that they could have suffered from undernutrition during fetal development and early life making them stunted, and then, later on, experienced a diet transition and became overweight.
This is to our knowledge the only study that has examined an association between SES and BMI among school children in the semi-urban area of Nepal. The high number of participants is the main strength of this study. The outcome (BMI) was measured by the PI and trained research assistant. This decreases the risk of differential misclassification. Calculations on the SES of the household were based on household items instead of monthly income as a marker for SES. This was done as monthly income may vary by season if household members have short periods of employment. Thus, our measurement of SES increases the validity of our findings. The 147 excluded participants were from all three groups of SES and therefore selection problems have not likely biased the results.
We acknowledge that the study also had a number of limitations. Firstly, data collection by questionnaire may have led to information bias. It may be possible that participants from Lower SES overreported information about the household. This could lead to differential information bias and underestimation of the association between BMI and SES. Secondly, the associations could have been biased by residual confounders. However, it remains unknown whether this situation may weaken or strengthen the associations. Furthermore, this study represents a semiurban area of Nepal, and thus not representative of the entire country. This should be considered as a limitation and taken into consideration before applying in other areas or on a national scale. Finally, Rojroongwasinkul et al. calculated body length/height percentiles among 14,202 children aged 0–12 years in South-East-Asia [37]. When comparing their findings to WHO standard curves it was shown, that height percentiles were lower in almost all ages and percentiles in both sexes, indicating skewness to the left. The current study used WHO standard curves when determining stunting rates. The findings by Rojroongwasinkul et al. could be considered applicable to the present study, and if so, would have yielded a lower prevalence of stunted children.

Conclusion
In children and adolescents from the semi-urban area of Nepal, one in four children were malnourished, with the majority being overweight/obese. This study found a tendency towards an association between both lower and upper SES and childhood overweight, suggesting nutritional challenges in both lower and upper parts of the society. Overweight/obesity in Upper SES is previously described whereas our finding of overweight/obesity in children from lower SES is new in this setting. Furthermore, both overweight and stunting were present in the same individual, but stunting prevalence was markedly higher in low SES. This could be part of a nutritional transition and increase in GDP occurring in Nepal. In summary, this study displays the complexity of childhood malnutrition in LMICs like Nepal, warranting broader attention to all aspects of malnutrition across all socioeconomic levels in society.

Author contributions
SAH, DN, PK and BG conceived the original idea and designed the study. SAH carried out the data collection and SAH, CBP, BG and LT analysed the data. PK was the main supervisor, DN and BG co-supervised. SAH wrote the paper with assistance from LT, and with input from all co-authors (PK, DN, LH, VEH, BG and DN). All authors have read and approved the manuscript.

Funding
Open access funding provided by Royal Danish Library. This Study was funded by Aarhus Universitets Forskningsfond. The funder had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
Permission to conduct this study was obtained from the Ethical Review Board of Nepal Health Research Council (reg no: 538/2017). Consent to participate in the study was sought from the child and the parents/legal guardian. Written and oral information was given in Nepali to the children and school principals. Signed informed consent from both the participating child and parents/legal guardian, either written or by fingerprint, was obtained.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Finucane MM, et al. National, regional, and global trends in body-mass index since 1980: systematic analysis of health examination surveys and epidemiological studies with 960 country-years and 9.1 million participants. Lancet. 2011;377(9765):557–67.CrossrefPubMedPubMedCentral

	2.
Ng M, et al. Global, regional, and national prevalence of overweight and obesity in children and adults during 1980–2013: a systematic analysis for the Global Burden of Disease study 2013. Lancet. 2014;384(9945):766–81.CrossrefPubMedPubMedCentral

	3.
Dietz WH. Overweight in childhood and adolescence. N Engl J Med. 2004;350(9):855–7.CrossrefPubMed

	4.
Tzioumis E, Adair LS. Childhood dual burden of under- and overnutrition in low- and middle-income countries: a critical review. Food Nutr Bull. 2014;35(2):230–43.CrossrefPubMedPubMedCentral

	5.
Teferi DY, Atomssa GE, Mekonnen TC. Overweight and undernutrition in the cases of school-going adolescents in Wolaita Sodo Town, Southern Ethiopia: cross-sectional study. J Nutr Metab. 2018;2018:8678561.CrossrefPubMedPubMedCentral

	6.
Desalew A, Mandesh A, Semahegn A. Childhood overweight, obesity and associated factors among primary school children in dire dawa, eastern Ethiopia; a cross-sectional study. BMC Obes. 2017;4:20.CrossrefPubMedPubMedCentral

	7.
World health statistics 2022: monitoring health for the SDGs, sustainable development goals. Geneva: World Health Organization; 2022. Licence: CC BY-NC-SA 3.0 IGO.

	8.
Ajala O, et al. Childhood predictors of cardiovascular disease in adulthood. A systematic review and meta-analysis. Obes Rev. 2017;18(9):1061–70.CrossrefPubMed

	9.
WHO, W.H.O. Global status report in noncummunicable disease 2014. 2014 27/5-2017; http://​apps.​who.​int/​iris/​bitstream/​10665/​148114/​1/​9789241564854_​eng.​pdf?​ua=​1.

	10.
Ni Mhurchu C, et al. Body mass index and cardiovascular disease in the Asia-Pacific region: an overview of 33 cohorts involving 310,000 participants. Int J Epidemiol. 2004;33(4):751–8.CrossrefPubMed

	11.
Field AE, et al. Impact of overweight on the risk of developing common chronic diseases during a 10-year period. Arch Intern Med. 2001;161(13):1581–6.CrossrefPubMed

	12.
World Health Organization. Global health risks: mortality and burden of disease attributable to selected major risks, vol. 4. Geneva: World Health Organization; 2009. p. 62.

	13.
Obesity: preventing and managing the global epidemic. Report of a WHO consultation. World Health Organ Tech Rep Ser, 2000. 894: p. i-xii, 1–253.

	14.
Sobal J, Stunkard AJ. Socioeconomic status and obesity: a review of the literature. Psychol Bull. 1989;105(2):260–75.CrossrefPubMed

	15.
Chen TJ, et al. Regional, socioeconomic and urban-rural disparities in child and adolescent obesity in China: a multilevel analysis. Acta Paediatr. 2011;100(12):1583–9.CrossrefPubMed

	16.
Wang Y, Lim H. The global childhood obesity epidemic and the association between socio-economic status and childhood obesity. Int Rev Psychiatry. 2012;24(3):176–88.CrossrefPubMedPubMedCentral

	17.
Winichagoon P. Transition of maternal and child nutrition in Asia: implications for public health. Curr Opin Clin Nutr Metab Care. 2015;18(3):312–7.CrossrefPubMed

	18.
Tzioumis E, et al. Prevalence and trends in the childhood dual burden of malnutrition in low- and middle-income countries, 1990–2012. Public Health Nutr. 2016;19(8):1375–88.CrossrefPubMedPubMedCentral

	19.
Vaidya A, Shakya S, Krettek A. Obesity prevalence in Nepal: public health challenges in a low-income nation during an alarming worldwide trend. Int J Environ Res Public Health. 2010;7(6):2726–44.CrossrefPubMedPubMedCentral

	20.
Collaborators GBDO, et al. Health effects of overweight and obesity in 195 countries over 25 years. N Engl J Med. 2017;377(1):13–27.Crossref

	21.
Piryani S, et al. Overweight and its associated risk factors among urban school adolescents in Nepal: a cross-sectional study. BMJ Open. 2016;6(5):e010335.CrossrefPubMedPubMedCentral

	22.
Ministry of Health Nepal. Nepal Demographic and Health Survey 2016. 2017; https://​www.​dhsprogram.​com/​pubs/​pdf/​fr336/​fr336.​pdf.

	23.
K. Fry, R.F.N.M.C., Equity Wealth Quintile Guide. 2014.

	24.
de Onis M, Habicht JP. Anthropometric reference data for international use: recommendations from a World Health Organization Expert Committee. Am J Clin Nutr. 1996;64(4):650–8.CrossrefPubMed

	25.
Organization WH, WHO Growth reference data for 5–19 years. 2007.

	26.
McMillan JR, Conlon C, Nuffield B. The ethics of research related to health care in developing countries. J Med Ethics. 2004;30(2):204–6.CrossrefPubMedPubMedCentral

	27.
Koirala M, et al. Prevalence and factors associated with childhood overweight/obesity of private school children in Nepal. Obes Res Clin Pract. 2015;9(3):220–7.CrossrefPubMed

	28.
Stewart CP, et al. Prevalence and risk factors of elevated blood pressure, overweight, and dyslipidemia in adolescent and young adults in rural Nepal. Metab Syndr Relat Disord. 2013;11(5):319–28.CrossrefPubMedPubMedCentral

	29.
Mansur DI, et al. A study on nutritional status of rural school going children in Kavre District. Kathmandu Univ Med J (KUMJ). 2015;13(50):146–51.PubMed

	30.
Smith LC, Ruel MT, Ndiaye A. Why is child malnutrition lower in urban than in rural areas? Evidence from 36 developing countries. World Dev. 2005;33(8):1285–305.Crossref

	31.
Popkin BM, Corvalan C, Grummer-Strawn LM. Dynamics of the double burden of malnutrition and the changing nutrition reality. Lancet. 2020;395(10217):65–74.CrossrefPubMed

	32.
Black RE, et al. Maternal and child undernutrition and overweight in low-income and middle-income countries. Lancet. 2013;382(9890):427–51.CrossrefPubMed

	33.
Wells JC, et al. The double burden of malnutrition: aetiological pathways and consequences for health. Lancet. 2020;395(10217):75–88.CrossrefPubMed

	34.
WHO. The double burden of malnutrition. Policy brief. Geneva: World Health Organization; 2017. https://​apps.​who.​int/​iris/​bitstream/​handle/​10665/​255413/​WHO-NMH-NHD-17.​3-eng.​pdf.

	35.
Bank W, Data of Nepal from World Bank, https://​data.​worldbank.​org/​country/​nepal. 2016.

	36.
Du S, et al. Rapid income growth adversely affects diet quality in China–particularly for the poor! Soc Sci Med. 2004;59(7):1505–15.CrossrefPubMed

	37.
Rojroongwasinkul N, et al. Length and height percentiles for children in the South-East Asian Nutrition Surveys (SEANUTS). Public Health Nutr. 2016;19(10):1741–50.CrossrefPubMed

	38.
Ministry of Health and Population, Nepal; New ERA; UNICEF; EU; USAID; and CDC. 2018. Nepal National Micronutrient Status Survey, 2016. Kathmandu, Nepal: Ministry of Health and Population, Nepal.



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Association between nutritional status and socio-economic status among school children aged 9–17 years in a semi-urban area of Nepal


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/41043_2023_392_Fig1_HTML.png
Stunting and Socio-Economic Status

1 Normal Height
EE Stunted

1009 —— [

50






OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





OEBPS/images/41043_2023_392_Fig2_HTML.png
Stunting & BMI-for-age

1 Normal Height

E= Stunted
100
50
355






