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Abstract
Background
Malnutrition is considered a major public health challenge and is associated with a range of health issues, including childhood stunting. Stunting is a reliable and well-recognized indicator of chronic childhood malnutrition. The objective of this study is to determine the risk factors associated with stunting among 17,490 children below five years of age in Bangladesh.

Methods
Correlates of child stunting were examined using data generated by a cross-sectional cluster survey conducted in Bangladesh in 2019. The data includes a total of 17,490 children (aged < 5 years) from 64,400 households. Multiple logistic regressions were used to determine the risk factors associated with child stunting and severe stunting.

Results
The prevalence of stunting and severe stunting for children was 25.96% and 7.97%, respectively. Children aged 24 to < 36 months [Odds Ratio (OR) = 2.65, 95% CI: 2.30, 3.05] and aged 36 to < 48 months [OR = 2.33, 95% CI: 2.02, 2.69] had more risk of stunting compared to the children aged < 6 months. Children from Sylhet division had the greatest risk of stunting of all the eight divisions [OR = 1.26, 95% CI: 1.09, 1.46]. Children of secondary complete or higher educated mothers were less likely to develop stunting [OR = 0.66, 95% CI: 0.56, 0.79] compared with children of mothers having no education at all. Similarly, children of secondary complete or higher educated father [OR = 0.74, 95% CI: 0.63, 0.87] were found to have lower risk of stunting compared with children whose father hadn’t any education. Substantially lower risk of stunting was observed among children whose mother and father both completed secondary education or above [OR = 0.59, 95% CI: 0.52, 0.69]. Children from the richest households [OR = 0.49, 95% CI: 0.41, 0.58] had 51% lower odds of stunting compared to children from the poorest households.

Conclusions
After controlling for socioeconomic and demographic factors, parental education and household position in the wealth index were found to be the most important determinants of child stunting in Bangladesh.
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Background
Malnutrition represents an insufficient intake of calories and nutrients that results in illness and in extreme cases, death [1]. Malnutrition among children poses a serious health threat to survival and it is linked to 3.1 million child deaths globally [2]. Among developing countries, it is estimated that approximately13 million children who are below five years of age die annually, of which malnutrition is among the leading causes [3, 4].
Height-for-age is one of the prominent parameters to investigate malnutrition status of a child [5]. According to the World Health Organisation (WHO), a child is regarded as stunted when his/her height < − 2 standard deviations from the child growth standard median for the same age and same sex [6]. Stunting represents a linear growth delay in a child. Globally, 159 million children are classified as stunted, indicating the prevalence rate of 23.8% [7]. Other negative health consequences of stunting among children include, a reduce recovery capacity from disease [8], increased risk of future adult obesity [9], poor cognitive functioning such as loss of memory, lower achievement in learning and increased attention deficit [10]. Stunting is estimated to be responsible for 1.2 million deaths globally for children under five years of age [2]. Malaria and pneumonia are more prevalent among children who are stunted and there is compelling evidence to support this [11, 12]. Stunting is also associated with unfavourable pregnancy outcome [13]. Stunting continues to be a hindrance to human capital development because of its negative impact on economic productivity of adults [14].
Recently, public health researchers have examined the risk factors associated with stunting. Most studies have shown that socioeconomic and demographic factors are key correlates of child stunting [15]. Among a sample of Nigerian children, low maternal education is found to be associated with a two-fold increase in risk for child stunning [16]. Socioeconomic status is another factor associated with child stunting. Children from a higher socioeconomic status have a significantly lower risk of stunting compared to children from a lower socioeconomic status [3]. Ricci [17] found that among Philippine children, a combination of factors, such as high socioeconomic status, being female, breastfeeding and more frequent prenatal care are important for reducing the risk of child stunting.
While these studies offer some insight into the factors associated with stunting across different countries, to date, little is known about how parental education and socio-economic status influence stunting among children five years old and below in Bangladesh. However, data suggest that Bangladesh is among the most child stunting prevalent countries in the world, with a stunting prevalence rate of 36.1%, which ranks it 107 out of 132 countries when the countries are ranked from lowest to highest for the prevalence of stunting [7]. Additionally, stunting is an impediment in the successful achievement of Sustainable Development Goals (SDGs) as it reduces the productivity of an individual and consequently negatively effects the likelihood of future economic growth. As one of the top performing countries in Millennium Development Goals (MDGs), Bangladesh is particularly keen to embrace the new SDGs targets. For example, reducing the proportion of stunting among children under five years of age from 36.1 to 25% is integrated in the 7th Five Year Plan of Bangladesh Government (2016–2020) to achieve the national SDG targets. Therefore, identifying the risk factors associated with child stunting in Bangladesh is a public health priority. In addition to stunting, severe stunting which is defined as height < − 3 standard deviations from child growth standard median for the same age and the same sex [6] is also in our interest since it is a measure of severe growth impairment for a child. Understanding risk factors for both stunting and severe stunting would help policy formulation to combat child chronic undernutrition problem. The aim of this study is to explore the risk factors that are associated with stunting and severe stunting among a large sample of children five years and below in Bangladesh.
Data and method
Data was drawn from Multiple Indicators Cluster Survey (MICS) 2018–19 [18]. This survey was carried out by the Bangladesh Bureau of Statistics (BBS) with the support of the United Nations International Children’s Emergency Fund (UNICEF). The survey was conducted from January 19 to June 1, 2019, with the purpose of collecting data on important indicators at the national level for the eight divisions of the country. The survey sample was selected using a two-stage stratified cluster sampling approach, using the 2011 census frame to select clusters. Standardised questionnaires were used in all data collection [18]. The data include complete information on 64,400 households and the questionnaires were completed by parents of 23,099 children, five years of age and younger. To avoid counting households more than once and minimize recall bias, households with more than one child under five years of age, only the youngest child was selected for our study [19]. Our final sample is composed of 17,490 children below five years of age.
Statistical analysis
Nutritional status of a child is examined using three anthropometric measures: height-for-age z scores, weight-for-age z scores and weight-for-height z scores [20]. Height-for-age z score is used to calculate stunting. There is a reference distribution of height for how children under the age of five should grow in a well-nourished population. Height-for-age can be expressed in standard deviation units (z-scores) from the median of the reference population. Multiple Indicator Cluster Survey 2019 (MICS) used WHO growth standard for reference population and calculating height-for-age z scores. We used MICS provided height-for-age z scores for creating dependent variable (stunting condition), as long-term growth of children can be reflected by height-for-age z scores, and it also can capture the effects of chronic malnutrition. Using WHO child growth standards as reference [21], the prevalence of childhood stunting in our sample was assessed using two classifications: (i) Stunted: defined as height-for-age z-scores less than − 2 standard deviations; and (ii) Severely Stunted: defined as children with height-for-age z-scores less than − 3 standard deviations. Before to begin the analysis, data cleaning was completed and checked for quality of data. There were no missing observations or Height-for-Age z scores that were unusually large or small.
We developed two separate models: (i) one to examine the associations of parental education and wealth with child stunting status (Table 2) and (ii) with child severe stunting status given other factors (Table 4). For the first model, the dependent variable was dichotomous (Stunted vs. Not Stunted), and for the second model, dependent variable was also dichotomous (Severely Stunted vs Not Severely Stunted) [22].
Independent variables included in the model are household member, age, gender, area, education of mother, education of father, wealth index quintile [19, 23], type of toilet facility [17], number of under five children in a household [23], salt iodization test outcome [24] and division [3]. To determine if there was any association between child stunting and the size of household, the household size was categorized in three categories based on the number of household members in each household (up to three members, four to six members and seven or more). This was included because family size is an important determinant of child malnutrition as caring for children and availability of food for consumption dependant on the number household members [25, 26]. Children’s ages were divided into six categories (0 to < 6, 6 to < 12, 12 to < 24, 24 to < 36, 36 to < 48 and 48 to < 60) with children less than six months (0 to < 6) as reference category. Children’s age was included in the model as it has been reported by many studies as a significant predictor of child stunting status [19, 27].
We included gender as an independent variable to examine if there was any significant difference of likelihood of stunting between male and female children. Administrative geography of Bangladesh is divided into 8 divisions, and we included division as a predictor variable in the regression model. Dhaka, Barisal, Chittagong, Khulna, Rajshahi, Rangpur, Sylhet, and Mymensingh were the eight divisions in Bangladesh where data was collected. Several studies on child under-nutrition in Bangladesh used geographical location (division) as a predictor of child stunting [3, 28]. Area (Urban/rural) variable was also included in the model. It is the most common variable included in almost all studies conducted in Bangladesh for identifying socioeconomic risk factors of malnourished children in Bangladesh [3, 19, 28, 29].
We included education of mother and education of father in our regression model to examine their role on the risk of child stunting and severe stunting. Parental education, both for education level of father and that of mother, was categorized into four categories based on the number of years of schooling: none for no schooling, primary schooling (years 1 to < 6), secondary incomplete (years 6 to < 10) and secondary complete or higher (≥10).
Wealth index was used as the indicator of socioeconomic status of households. Wealth index was constructed by principal components analysis in Bangladesh Multiple Indicators Cluster Survey 2019. In calculating wealth index, source of water, type of housing, type of toilet facility, type of fuels for cooking, electricity, bank account, some durable goods and animals were taken into consideration [18]. Households were assigned wealth score depending on the asset they owned. They used wealth scores of sampled households to rank them, and the households were then divided into five equal portions (quintiles) from poorest to wealthiest, such as poorest, second, middle, fourth and wealthiest. To assess the impact of latrine facilities on child stunting and severe stunting, we included type of toilet facility as predictor variable in our model. Iodine is an essential micronutrient and sufficient intake of iodine is necessary for normal growth [30]. Farebrother et.al [30]. also argued that sufficient intake of iodine prevents stunted growth and if the required daily minimum intake of iodine is not met, growth will be hampered. We therefore included salt iodization test outcome in our regression model to accommodate the role of iodized salt in reducing the risk of stunting among children who were aged five years and below. In multiple indicators cluster survey 2019, salt iodization test was carried out in each household and the result was classified into four categories namely, 0 PPM (not iodized), more than 0 PPM and less than 15 PPM, 15 PPM or more and no salt in the household. 15 PPM means salt containing 15 ppm (PPM) of iodate or iodide. In this survey, a cut-off point was set at 15 ppm indicating that salt containing 15 ppm or more of iodate or iodide will be considered as adequately iodized [18]. While selecting variables in our model, we considered variables used in previous studies and variables which could be relevant in the context of study in Bangladeshi population.
As our dependent variable in the first model was binary in nature (Stunted vs Not Stunted), we used binary logistic regression model to determine the relationship between socio-demographic factors and child stunting. Likewise, dependent variable in the second model was dichotomous (Severely Stunted vs Not Severely Stunted). Therefore, we also used a binary logistic regression model to determine the association between socio-demographic factors and child severe stunting. Nagelkerke R Square was estimated as 0.07 for the first model (χ2(30) = 842; p < 0.001) and Nagelkerke R Square was estimated as 0.05 for the second model (χ2(30) = 333; p < 0.001). We found no evidence for multicollinearity using a test for variance inflation factor (VIF) with estimated mean VIF of 1.72, implying that the level of multicollinearity is within tolerance limit [31].
Results
Descriptive characteristics of the sample
  Table 1 shows the socioeconomic and background characteristics of the sample and the bivariate distribution of stunting and severe stunting with sample characteristics. Data were available for 17,490 children aged < 5 years. A total of 25.96% children were estimated to be stunted, and 7.97% severely stunted. More than half of the children were male (52.53%). Children from Dhaka division comprised the highest proportion (18.93%) and the lowest percentage of study children were from Mymensingh division (6.11%). Most of the children (68.64%) were living in households with 4–6 family members. Approximately one quarter of mothers had not gone to school. However, the highest proportion of mothers (49.17%) had attended secondary school. An overwhelming majority of children (80.32%) came from rural areas. Nearly one quarter (21.93%) of children were aged between 12 and 35 months and 12.24% of children were less than six months of age. The highest percentage of children (26.18%) lived in poorest households and the lowest percentage of children (14.96%) lived in richest households in the category of wealth index quintile. 42.68% of children had access to flush toilet, whereas a majority (57.32%) of households had access to pit toilet or hanging latrine. Around 21% of fathers had not undertaken any formal education, however, approximately 16% of fathers were found to have completed secondary or higher secondary education.Table 1The bivariate distribution of stunting and severe stunting with sample characteristics using MICS 2019 data from Bangladesh


	Characteristics
	Total Sample (n = 16,597)
	Stunted
	Severely Stunted

	%
	Proportions (%)
	95% CI
	P- value
	Proportions (%)
	95% CI
	P value

	Household Members
	 	 	 	0.163
	 	 	0.069

	  <=3
	14.16
	0.2694 (26.94)
	(0.2519907–0.2873285)
	 	0.0775 (7.75)
	(0.0673123–0.0887885)
	 
	  4–6
	68.64
	0.2554 (25.54)
	(0.2475905–0.2632729)
	 	0.0775 (7.75)
	(0.0728217–0.0824734)
	 
	  > = 7
	17.20
	0.2686 (26.86)
	(0.2528423–0.284843)
	 	0.0901 (9.01)
	(0.0800974–0.100894)
	 
	Age (Months)
	 	 	 	< 0.001
	 	 	< 0.001

	  0 to < 6
	12.24
	0.1630 (16.30)
	(0.1475978–0.1793465)
	 	0.0621 (6.21)
	(0.0522679–0.0731916)
	 
	  6 to < 12
	10.87
	0.1867 (18.67)
	(0.1694561–0.2050035)
	 	0.0631 (6.31)
	(0.0526106–0.0750099)
	 
	  12 to < 24
	21.93
	0.2847 (28.47)
	(0.2704294–0.2992424)
	 	0.0905 (9.05)
	(0.081566–0.0999811)
	 
	  24 to < 36
	20.06
	0.3229 (32.29)
	(0.3074236–0.33864)
	 	0.1037 (10.37)
	(0.0938353–0.1142968)
	 
	  36 to < 48
	18.78
	0.2932 (29.32)
	(0.2777072–0.3091417)
	 	0.0816 (8.16)
	(0.072468–0.0915005)
	 
	  48 to < 60
	16.12
	0.2302 (23.02)
	(0.2147923–0.2462167)
	 	0.0575 (5.75)
	(0.0491617–0.0667055)
	 
	Gender
	 	 	 	< 0.001
	 	 	0.271

	  Male
	52.53
	0.2646 (26.46)
	(0.255586–0.2737319)
	 	0.0818 (8.18)
	(0.0763195–0.0876391)
	 
	  Female
	47.47
	0.2542 (25.42)
	(0.2448175–0.2636666)
	 	0.0773 (7.73)
	(0.0716738–0.0832865)
	 
	Area
	 	 	 	< 0.001
	 	 	0.071

	  Urban
	19.68
	0.2275 (22.75)
	(0.2135702–0.2418622)
	 	0.0723 (7.23)
	(0.0639082–0.0815099)
	 
	  Rural
	80.32
	0.2675 (26.75)
	(0.2602045–0.2749147)
	 	0.0815 (8.15)
	(0.0770331–0.0861536)
	 
	Division
	 	 	 	< 0.001
	 	 	< 0.001

	  Barishal
	9.35
	0.2667 (26.67)
	(0.245167–0.2753425)
	 	0.0862 (8.62)
	(0.0730781–0.1009056)
	 
	  Chattogram
	18.20
	0.2545 (25.45)
	(0.2453603–0.2888139)
	 	0.0798 (7.98)
	(0.0706173–0.0897611)
	 
	  Dhaka
	18.93
	0.2600 (26.00)
	(0.2394194–0.2699869)
	 	0.0876 (8.76)
	(0.0781742–0.097735)
	 
	  Khulna
	14.86
	0.2001 (20.01)
	(0.1848487–0.2159838)
	 	0.0385 (3.85)
	(0.0314134–0.0466015)
	 
	  Mymenshing
	6.11
	0.3099 (30.99)
	(0.2822769–0.3386249)
	 	0.0908 (9.08)
	(0.074268–0.1096732)
	 
	  Rajshahi
	11.64
	0.2509 (25.06)
	(0.2319099–0.2700397)
	 	0.0649 (6.49)
	(0.0545517–0.0764521)
	 
	  Rangpur
	13.39
	0.2656 (26.56)
	(0.2477871–0.283971)
	 	0.1008 (10.08)
	(0.0888687–0.1136772)
	 
	  Sylhet
	7.53
	0.3424 (34.24)
	(0.3168128–0.3687823)
	 	0.1093 (10.93)
	(0.0929921–0.1274525)
	 
	Education of Mother
	 	 	 	< 0.001
	 	 	< 0.001

	  Pre-primary or none
	10.89
	0.3682 (36.82)
	(0.3464627–0.3902887)
	 	0.1250 (12.50)
	(0.1104685–0.1406971)
	 
	  Primary
	24.87
	0.3097 (30.97)
	(0.2960008–0.3237079)
	 	0.1005 (10.05)
	(0.0917032–0.1098031)
	 
	  Secondary
	49.17
	0.2364 (23.64)
	(0.2274482–0.2455214)
	 	0.0671 (6.71)
	(0.0618947–0.072587)
	 
	  Higher secondary+
	15.08
	0.1744 (17.44)
	(0.1601345–0.1894734)
	 	0.0538 (5.38)
	(0.0455437–0.0631615)
	 
	Education of Father
	 	 	 	< 0.001
	 	 	< 0.001

	  Pre-primary or none
	20.80
	0.3340 (33.40)
	(0.3186501–0.3495665)
	 	0.1072 (10.72)
	(0.0973299–0.1177096)
	 
	  Primary
	31.98
	0.2866 (28.66)
	(0.2747327–0.2986043)
	 	0.0887 (8.87)
	(0.0813439–0.0964212)
	 
	  Secondary
	31.18
	0.2281 (22.81)
	(0.2170497–0.2395045)
	 	0.0629 (6.29)
	(0.0566008–0.0696741)
	 
	  Higher secondary+
	16.04
	0.1708 (17.08)
	(0.1570114–0.1852121)
	 	0.0588 (5.88)
	(0.0504019 0.0681796)
	 
	Wealth Index quintile
	 	 	 	< 0.001
	 	 	< 0.001

	  Poorest
	26.18
	0.3405 (34.05)
	(0.3267383–0.3544001)
	 	0.1103 (11.03)
	(0.1013546–0.1197179)
	 
	  Second
	22.37
	0.2835 (28.35)
	(0.2694019–0.2978956)
	 	0.0851 (8.51)
	(0.0765624–0.0943085)
	 
	  Middle
	18.87
	0.2352 (23.52)
	(0.2207703–0.2500036)
	 	0.0655 (6.55)
	(0.0572527–0.0744363)
	 
	  Fourth
	17.62
	0.2112 (21.12)
	(0.196933–0.2260701)
	 	0.0607 (6.07)
	(0.0525045–0.0696908)
	 
	  Richest
	14.96
	0.1704 (17.04)
	(0.156202–0.1853876)
	 	0.0585 (5.85)
	(0.049782–.0681491)
	 
	Type of toilet facility
	 	 	 	< 0.001
	 	 	< 0.001

	  Flush latrine
	42.68
	0.2170 (21.70)
	(0.2077067–0.2265402)
	 	0.0682 (6.82)
	(0.2077067–0.2265402)
	 
	  Pit and hanging latrine
	57.32
	0.2914 (29.14)
	(0.2824885–0.300376)
	 	0.0883 (8.83)
	(0.2824885–0.300376)
	 
	Salt Iodization test outcome
	 	 	 	< 0.001
	 	 	< 0.001

	  0 PPM (not iodized)
	25.73
	0.2835 (28.35)
	(0.2703587–0.2969078)
	 	0.0904 (9.04)
	(0.0822027–0.0991818)
	 
	  More than 0 PPM and less than 15 PPM
	19.01
	0.2819 (28.19)
	(0.2666411–0.2975221)
	 	0.0890 (8.90)
	(0.0795813–0.0992474)
	 
	  15 PPM or more
	54.75
	0.2399 (23.99)
	(0.231346–9.2485535)
	 	0.0713 (7.13)
	(0.0662482–0.0766627)
	 
	  No salt in the household
	0.51
	0.3483 (34.83)
	(0.2503611–0.4566767)
	 	0.0899 (8.99)
	(0.03961–0.1694525)
	 
	Stunting condition
	 	 	 	 	 	 	 
	  Stunted (HAZ score < −2 SD)
	25.96
	 	 	 	 	 	 
	  Severely stunted (HAZ < −3 SD)
	7.97
	 	 	 	 	 	 



Risk factors for child stunting
Similar proportions of male children (26.46%) and female children (25.42%) were classified as stunted (Table 1). The prevalence rate of stunting was highest for those children whose parents had no education and whose family used a hanging toilet. Half of the children classified as stunted were aged between 24 and 35 months. The largest proportion of stunted children came from Sylhet division (34.24%) and the lowest proportion from Khulna division (20.01%).
In bivariate analysis, the following variables were significantly associated with stunting prevalence: age (p < 0.001), gender (p < 0.001), area (p < 0.001), division (p < 0.001), education of mother (p < 0.001), education of father (p < 0.001), wealth index quintile (p < 0.001), type of toilet facility (p < 0.001) and salt iodization test outcome (p < 0.001).
Table 2 shows the results for binary logistic regression analysis on the risk factors associated with child stunting. Children’s age was a significant predictor of stunting. Those aged twelve months to less than twenty-four months had significantly higher odds of stunting [OR: 2.16, 95% CI: 1.88–2.48] compared to children below six months of age. Children aged twenty-four to less than thirty-six months had almost three-fold odds of stunting [OR: 2.65, 95% CI: 2.30–3.05] compared to the children aged less than six months. Children living in Khulna division were significantly less likely to be stunted [OR: 0.71, 95% CI: 0.62–0.81] compared with the children who lived in Dhaka division. Children from Sylhet division had significantly higher odds of stunting compared with children from Dhaka division [OR: 1.26, 95% CI: 1.09–1.46]. Across categories of parental education, children whose mothers had completed secondary level education or higher were less likely to be stunted in comparison with the children whose mothers had no formal education [OR: 0.66, 95% CI: 0.56–0.79]. There were significantly lower odds of stunting for the children whose fathers had completed secondary education or higher [OR: 0.74, 95% CI: 0.63–0.87] compared to those children whose father had no formal education. Children from households with middle category in wealth index quintile were less likely to be stunted [OR: 0.69, 95% CI: 0.62–0.77] than the children from households with poorest category. Children of wealthiest families had 59% lower odds of stunting [OR: 0.49, 95% CI: 0.41–0.58] compared to those from poorest families. Children from families which used hanging toilet had larger odds of stunting [OR: 1.21, 95% CI: 1.03–1.41] compared with those from those families that used flush toilet.Table 2Risk factors for stunting (HAZ scores < −2SD) among children aged less than five years using MICS 2019 data from Bangladesh


	Factors
	 	OR
	95% CI

	Household member
	≤3
	ref
	 
	 	4--6
	0.90
	[0.81–1.00]**

	 	≥7
	0.98
	[0.86–1.11]

	Age (Months)
	0 to < 6
	ref
	 
	 	6 to < 12
	1.23
	[1.04–1.45]**

	 	12 to < 24
	2.16
	[1.88–2.48]***

	 	24 to < 36
	2.65
	[2.30–3.05]***

	 	36 to < 48
	2.33
	[2.02–2.69]***

	 	48 to < 60
	1.67
	[1.44–1.95]***

	Gender
	Male
	ref
	 
	 	Female
	0.94
	[0.88–1.01]

	Area
	Urban
	ref
	 
	 	Rural
	0.90
	[0.81–1.00]**

	Division
	Dhaka
	ref
	 
	 	Barishal
	0.87
	[0.76–1.01]*

	 	Chattogram
	0.87
	[0.77–0.97]**

	 	Khulna
	0.71
	[0.62–0.81]***

	 	Mymenshing
	1.06
	[0.91–1.25]

	 	Rajshahi
	0.89
	[0.78–1.01]*

	 	Rangpur
	0.90
	[0.79–1.02]

	 	Sylhet
	1.26
	[1.09–1.46]***

	Education of mother (schooling years)
	None (0)
	ref
	 
	 	Primary (1 to < 6)
	0.87
	[0.77–0.99]**

	 	Secondary incomplete (6 to < 10)
	0.74
	[0.65–0.83]***

	 	Secondary complete or higher (≥10)
	0.66
	[0.56–0.79]***

	Education of father (schooling years)
	None (0)
	ref
	 
	 	Primary (1 to < 6)
	0.95
	[0.86–1.04]

	 	Secondary incomplete (6 to < 10)
	0.83
	[0.75–0.93]***

	 	Secondary complete or higher (≥10)
	0.74
	[0.63–0.87]***

	Wealth index quintile
	Poorest
	ref
	 
	 	Second
	0.83
	[0.75–0.91]***

	 	Middle
	0.69
	[0.62–0.77]***

	 	Fourth
	0.63
	[0.55–0.72]***

	 	Richest
	0.49
	[0.41–0.58]***

	Toilet facility
	Flush latrine
	ref
	 
	 	Pitn and hanging latrine
	0.99
	[0.91–1.09]

	Salt idolization test
	0 PPM (not iodized)
	ref
	 
	 	More than 0 PPM and less than 15 PPM
	1.01
	[0.91–1.12]

	 	15 PPM or more
	0.98
	[0.90–1.07]

	 	No salt in the household
	1.52
	[0.97–2.40]*

	Number of under five children
	 	1.25
	[1.14–1.37]***


*** p < 0.001, ** p < 0.01, * p < 0.05



Table 3 shows the effects of parental combined level of education on the risk of child stunting after adjustment for household member, age, gender, area, division, wealth index, type of toilet facility, salt iodization test outcome and number of under five children. The results suggest that one parent with primary school and one with secondary school and above [OR: 0.73, 95% CI: 0.63–0.84] and both parents with secondary school and above [OR: 0.59, 95% CI: 0.52–0.69] had significantly lower likelihood of stunting among their children when compared with children of parents who both had no education.Table 3Effects of parental combined level of education on the risk of stunting using MICS 2019 data from Bangladesh


	Level of Education
	OR
	95% CI

	Level 1
	Ref.
	 
	Level 2
	0.94
	[0.81–1.10]

	Level 3
	0.78
	[0.66–0.93]***

	Level 4
	0.84
	[0.72–0.97]**

	Level 5
	0.73
	[0.63–0.84]***

	Level 6
	0.59
	[0.52–0.69]***


*** p < 0.001, ** p < 0.01, * p < 0.05
Level 1 = both parents no education; Level 2 = one with no education, one with primary school; Level 3 = one with no education, one with secondary school and above; Level 4 = both with primary school; Level 5 = one with primary school, one with secondary school and above; and Level 6 = both with secondary school and above [40]



Risk factors for severe stunting
Table 1 shows the proportion of children classified as severely stunted. The percentage of male children who were severely stunted (8.18%) was about the same as the percentage of female children who were severely stunted (7.73%). A slightly higher percentage of rural children were severely stunted (8.15%) compared with the urban children (7.23%). The highest proportion of severely stunted children was found in the Sylhet division (10.93%) and the lowest in the Khulna division (3.85%). Approximately one-tenth of children, with their mothers had no education were severely stunted (10.93%), and nearly 6% were severely stunted if their mothers completed secondary education or higher. Similarly, only 5.88% of children were severely stunted whose fathers had completed secondary or higher education and more than one-tenth (10.72%) of children were severely stunted whose father didn’t go to school. Only 5.85% of children from wealthiest families were severely stunted and 11.03% of children from poorest families were severely stunted. The highest rate of severe stunting prevalence was found for children age between 24 and 35 months (10.37%) and the lowest rate for age less than six months (6.21%).
In bivariate analysis, the following variables were significantly associated with the prevalence of severe stunting: age (p < 0.001), division (p < 0.001), education of mother (p < 0.001), education of father (p < 0.001), wealth index (p < 0.001), type of toilet facility (p < 0.001) and salt iodization test outcome (p < 0.001). The results on the binary logistic regression analysis on the risk factors that were associated with the risk for severe stunting among the children five years and below can be found in Appendix Table 4. Children aged twenty-four to less than thirty-six months were almost two times more likely to be severely stunted [OR: 1.85, 95% CI: 2.37–3.52] compared with the children below six months of age. There was 44% higher the risk of severe stunting for children who were aged thirty-six to less than forty-eight months [OR: 1.44, 95% CI: 1.15–1.80] compared to those who were less than six months of age. Children whose mothers’ education level was secondary incomplete [OR: 0.68, 95% CI: 0.57–0.82] or secondary complete or higher [OR: 0.59, 95% CI: 0.44–0.77] were significantly less likely to be severely stunted compared with the children whose mothers had no education. Moreover, children whose fathers had education level secondary incomplete, had 19% lower odds that they could be severely stunted. Children had 57% lower odds to be severely stunted if they lived in Khulna division [OR: 0.43, 95% CI:0.34–0.54] compared with the children who lived in Dhaka division. Across categories of wealth, those who were in the fourth category in wealth index quintile, had 37% lower odds of severe stunting compared to children from poorest families. Children from wealthiest families had 44% lower odds of severe stunting than the children who lived in poorest families.
The results from A2 suggests that after adjustment for: household member, age, gender, area, division, wealth index, type of toilet facility, salt iodization test outcome and number of under five children in a household, any increase in the level of parental education are associated with lower odds of severe stunting among children below 5 years (Appendix Table 5).
Discussion
This study examined the prevalence rate of stunting among a large sample of Bangladeshi children aged < 5 years. Our data showed that national prevalence rate for child stunting is at 25.96%. This prevalence is remarkably lower than the 41% observed in 2007 [32], suggesting that child stunting in Bangladesh has declined over time.
A key finding was that our adjusted analysis showed that children living in Sylhet division had the highest risk for being stunted. Food security status in this region has been suggested to be relatively better than the other divisions of Bangladesh [32]. Furthermore, the rate of poverty is lower in Sylhet division compared with other divisions in Bangladesh [33]. Poor educational opportunities and access, adverse maternal health [34] might explain why children from Sylhet division had high odds of child stunting. Parental education has consistently been shown to protect children from stunting. Sylhet division, on the other hand, has the worst educational standing of any Bangladeshi division. Sylhet has the second lowest primary completion rate in the country at 78%. Additionally, it has the lowest completion rates for lower secondary and upper secondary education, with 53 and 22%, respectively [35]. In Bangladesh, mothers generally spend more time with children than fathers, and Sylhet division trails behind other divisions in terms of female education. Thus, the current nutritional situation can be partially attributed to a lack of education in Sylhet division. Education and specifically access to secondary education is and remains a major issue for Bangladesh in general, and for specific Divisions within Bangladesh. The analysis required is beyond the scope of this paper but will be the focus of a future paper that examines if there is any correlation between access to school education, parental income, and nutrition.
Even though Sylhet is suggested to have better economic condition than any other region of the country, it is important to note that there are still inequalities in this region. For example, the Sylhet region is geographically heterogeneous with tea gardens, hills and haors (a haor is a marshy wetland ecosystem in the north-eastern part of Bangladesh that looks like inland seas during the monsoon floods). In those areas transport facilities are poor which hinders students to attend schools and hence there are few opportunities for educational attainment by children. Our findings suggest that future research is needed to determine the factors associated with the high prevalence rate of child stunting in the Sylhet region.
A further key finding of the present study was that wealth index was a significant protective factor against child stunting. This finding is consistent with other studies showing that household socioeconomic status was a significant predictor of child stunting [36–42]. A study conducted by Talukder, reported that Bangladeshi children living in the poorest household had 38% higher odds for malnourishment compared to the children from the wealthiest family [43]. The lower odds of child stunting associated with higher wealth index might be explained by the fact that children from wealthier families have better access to health facilities, better environmental conditions such as potable water, sanitation, and access to sufficient food. It might also be possible that parents from wealthiest families have a higher education and are more responsible for the health of their children when compared with parents from the poorest households. Other studies have shown that low quality housing and no access to potable water were significantly associated with child stunting [44, 45]. According to UNICEF (1990), major determinants of nutritional condition for a child are access to sufficient food supplies, improved health facilities and access to safe potable water supplies that are determined by household economic status [43]. The key findings from the present study suggest that improvement in household wealth status can possibly have significant impact on reducing the risk of child stunting.
Consistent with other studies, we showed that maternal education has significant impact in reducing the chance for a child to be stunted [3, 6, 29, 37, 46, 47]. The presence of an educated mother might lead to a better understanding of nutritional conditions for her children. Better child feeding practices, for instance, exclusive breast feeding during first six months of a newborn child and timely initiation of complementary foods for children have been identified to be significantly associated with lower risk of child stunting [48]. More educated mothers may earn more money and therefore they may have more opportunity to invest in the health of their children [49]. Moreover, educated mothers are more likely to make better use of health care for their children [50, 51], to make efficient use of family resources [19, 52] and more willing to utilise family planning [16].
A further outcome from the present study was that a child’s age had a significant impact on child stunting. The chances of a child being stunted increased with age and reached a peak at 24–35 months. The finding is supported by other studies [52–54]. A potential cause of this might be that as the age of a child increases, biological factors and socioeconomic factors become greater determinants of stunting. It has been reported that male children had the higher chance of being stunted compared with female children [55, 56]. However, our study failed to establish significant association by gender for increased odds of stunting or severe stunting.
Children from households where salt was found to be adequately iodized (≥15 PPM in salt iodization test) had significantly lower odds of stunting, compared with the children from households where salt was found as not iodized (0 PPM). The role of iodized salt as an important protective factor against stunting was supported by other studies which also suggest iodized salt reduces the risk of stunting [24, 57]. Research has shown that iodine is crucial for normal physical growth [30] and insufficient intake of iodine by children during infancy and childhood could cause impaired growth [58, 59].
There are some limitations in the study that should be acknowledged. First, the cross-sectional design limits the possibility of determining causal relationships. Moreover, many studies have shown a seasonal impact on the prevalence of stunting especially in the rural areas of developing countries [60, 61]. Given our study design, we were not able to assess seasonal impact. A further limitation was that there was no information on childbirth weight, paternal height, maternal height, and maternal age, all of which have been reported as significant predictor of child malnutrition [17, 19]. Strengths of the study include the use of a large representative sample size with a standardized questionnaire. This allows for comparisons with future data collected as a part of the Bangladeshi Multiple Indicators Cluster Survey.
Conclusion
Among a large sample of Bangladeshi children aged < 5 years, about 25.96% were classified as stunted. Key risk factors for child stunting included increased age, living in Sylhet division and more under five children in a household, using a pit toilet or a hanging toilet. In contrast, protective factors against child stunting were higher level of parental education and living in higher wealth index. Importantly, the risk factors as well as protective factors were similar between stunting and severe stunting implying intervention targeting the reduction of child stunting could eventually reduce the prevalence of severe stunting among children below five years of age. Our study suggested that parental education is a major protective factor that plays a crucial role in reducing the risk for a child to be stunted or severely stunted. Consequently, we recommend promotion of education both for men and women. Higher level of maternal education would improve child nutritional conditions through its role on influencing child feeding and childcare.
Promotion of parental education would improve child nutritional condition primarily through a generation of higher income and living in better neighbourhoods, that is living in areas where there are greater medical facilities and cleaner environment. Another crucial protective factor indicated by the study is socioeconomic status measured by the wealth index quintile. As regional differences appeared as a significant predictor of child stunting and severe stunting, for instance children living in Sylhet division are in higher risk for being stunted and severely stunted, geographical targeting should be adopted by governments and stakeholders on reducing stunting prevalence.
To reduce stunting prevalence in Bangladesh, policies should be implemented that focus on the risk factors determined by the study. Interventions regarding parental education and reducing socio-economic inequality may have long lasting beneficial effects on child malnutrition.
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Appendix

Table 4Risk factors for severe stunting (HAZ scores < −3SD) among children aged less than five years using MICS 2019 data from Bangladesh


	Factors
	 	OR
	95% CI

	Household member
	≤3
	
ref

	 
	 	4--6
	0.95
	[0.80–1.12]

	 	≥7
	1.09
	[0.89–1.34]

	Age (Months)
	0 to < 6
	
ref

	 
	 	6 to < 12
	1.06
	[0.82–1.37]

	 	12 to < 24
	1.56
	[1.26–1.93]***

	 	24 to < 36
	1.85
	[1.50–2.29]***

	 	36 to < 48
	1.44
	[1.15–1.80]***

	 	48 to < 60
	0.99
	[0.77–1.26]

	Gender
	Male
	
ref

	 
	 	Female
	0.94
	[0.84–1.05]

	Area
	Urban
	
ref

	 
	 	Rural
	0.89
	[0.76–1.05]

	Division
	Dhaka
	
ref

	 
	 	Barishal
	0.88
	[0.71–1.10]

	 	Chattogram
	0.82
	[0.69–0.99]**

	 	Khulna
	0.43
	[0.34–0.54]***

	 	Mymenshing
	0.88
	[0.69–1.12]

	 	Rajshahi
	0.70
	[0.56–0.87]***

	 	Rangpur
	1.06
	[0.88–1.28]

	 	Sylhet
	1.08
	[0.87–1.34]

	Education of mother (schooling years)
	None (0)
	
ref

	 
	 	Primary (1 to < 6)
	0.88
	[0.74–1.06]

	 	Secondary incomplete (6 to < 10)
	0.68
	[0.57–0.82]***

	 	Secondary complete or higher (≥10)
	0.59
	[0.44–0.77]***

	Education of father (schooling years)
	None (0)
	
ref

	 
	 	Primary (1 to < 6)
	0.97
	[0.83–1.13]

	 	Secondary incomplete (6 to < 10)
	0.81
	[0.68–0.97]**

	 	Secondary complete or higher (≥10)
	0.96
	[0.75–1.24]

	Wealth index quintile
	Poorest
	
ref

	 
	 	Second
	0.83
	[0.71–0.97]**

	 	Middle
	0.67
	[0.56–0.81]***

	 	Fourth
	0.63
	[0.51–0.78]***

	 	Richest
	0.56
	[0.43–0.74]***

	Toilet facility
	Flush latrine
	
ref

	 
	 	Pitn and hanging latrine
	0.87
	[0.75–1.00]*

	Salt idolization test
	0 PPM (not iodized)
	
ref

	 
	 	More than 0 PPM and less than 15 PPM
	0.97
	[0.82–1.14]

	 	15 PPM or more
	0.89
	[0.77–1.02]

	 	No salt in the household
	1.13
	[0.54–2.39]

	Number of under five children
	 	1.19
	[1.03–1.37]**


*** p < 0.001, ** p < 0.01, * p < 0.05




Table 5Effects of parental combined level of education on the risk of severe stunting using MICS 2019 data from Bangladesh


	Level of education
	OR
	95% CI

	Level 1
	
Ref.

	 
	Level 2
	1.14
	[0.91–1.43]

	Level 3
	0.89
	[0.69–1.16]***

	Level 4
	0.93
	[0.74–1.17]**

	Level 5
	0.74
	[0.60–0.92]***

	Level 6
	0.63
	[0.50–0.78]***


*** p < 0.001, ** p < 0.01, * p < 0.05
Level 1 = both parents no education; Level 2 = one with no education, one with primary school; Level 3 = one with no education, one with secondary school and above; Level 4 = both with primary school; Level 5 = one with primary school, one with secondary school and above; and Level 6 = both with secondary school and above [19]




References
	1.
Chen LC, Chowdhury AK, Huffman SL. Anthropometric assessment of energy-protein malnutrition and subsequent risk of mortality among preschool aged children. Am J Clin Nutr. 1980;33(8):1836–45.

	2.
Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, De Onis M, et al. Maternal and child undernutrition and overweight in low-income and middle-income countries. Lancet. 2013;382:427–5.

	3.
Rahman A. Significant risk factors for childhood malnutrition: Evidence from an Asian developing country. Sci J Public Health. 2016; https://​doi.​org/​10.​11648/​j.​sjph.​s.​2016040101.​14.

	4.
Black RE, Allen LH, Bhutta ZA, Caulfield LE, De Onis M, Ezzati M, et al. Maternal and child undernutrition: global and regional exposures and health consequences. Lancet. 2008;371:243–60.

	5.
Shetty P. Malnutrition and undernutrition. Medicine. 2003;31(4):18–22.

	6.
Onis M, Dewey KG, Borghi E, Onyango AW, Blössner M, Daelmans B, et al. The World Health Organization's global target for reducing childhood stunting by 2025: rationale and proposed actions. Matern Child Nutr. 2013. https://​doi.​org/​10.​1111/​mcn.​12075.

	7.
International Food Policy Research Institute, Global Nutrition Report 2016: From Promise to Impact: Ending Malnutrition by 2030, 2016.

	8.
Pelletier DL. Potentiating effects of malnutrition on child mortality: epidemiologic evidence and policy implications. Food Nutr Bull. 1995;16:206–13.

	9.
McCarthy M. Stunted children are at high risk of later obesity. Lancet. 1997;349:34.

	10.
Jesmin A, Yamamoto SS, Malik AA, Haque MA. Prevalence and determinants of chronic malnutrition among preschool children: a cross-sectional study in Dhaka City, Bangladesh. J Health Popul Nutr. 2011;29(5):494–9.

	11.
Victora CG, Adair L, Fall C, Hallal PC, Martorell R, Richter L, et al. Maternal and child undernutrition: consequences for adult health and human capital. Lancet. 2008;371(9609):340–57.

	12.
Victora CG, Fuchs SC, Flores JA, Fonseca W, Kirkwood B. Risk factors for pneumonia among children in a Brazilian metropolitan area. Pediatrics. 1994;93(6):977–85.

	13.
Martorell R, Delgado HL, Delgado H, Valverde V, Klein RE. Maternal stature, fertility and infant mortality. Hum Biol. 1981;53(3):303–12.

	14.
Prendergast AJ, Humphrey JH. The stunting syndrome in developing countries. Paediatr Int Child Health. 2014;34(4):250–65.

	15.
Frongillo EA, de Onis M, Hanson KM. Socioeconomic and demographic factors are associated with worldwide patterns of stunting and wasting of children. J Nutr. 1997;127(12):2302–9.

	16.
Senbanjo IO, Oshikoya KA, Odusanya OO, Njokanma OF. Prevalence of and risk factors for stunting among school children and adolescents in Abeokuta, Southwest Nigeria. J Health Popul Nutr. 2011;29(4):364–70.

	17.
Ricci JA, Becker S. Risk factors for wasting and stunting among children in metro Cebu, Philippines. Am J Clin Nutr. 1996;63(6):966–75.

	18.
Bangladesh Bureau of Statistics (BBS) and UNICEF Bangladesh. 2019. Progotir Pathey, Bangladesh Multiple Indicator Cluster Survey 2019, Survey Findings Report. Dhaka, Bangladesh: Bangladesh Bureau of Statistics (BBS). Retrieved from https://​www.​unicef.​org/​bangladesh/​media/​3281/​file/​Bangladesh%20​2019%20​MICS%20​Report_​English.​pdf

	19.
Semba RD, de Pee S, Sun K, Sari M, Akhter N, Bloem MW. Effect of parental formal education on risk of child stunting in Indonesia and Bangladesh: a cross-sectional study. Lancet. 2008;371(9609):322–8.

	20.
Waterlow JC, Buzina R, Keller W, Lane JM, Nichaman MZ, Tanner JM. The presentation and use of height and weight data for comparing the nutritional status of groups of children under the age of 10 years. Bull World Health Organ. 1977;55(4):489.

	21.
WHO Multicentre Growth Reference Study Group. WHO child growth standards: methods and development: length/height-for-age, weight-for-age, weight-for-length, weight-for-height and body mass index-for-age. Geneva: World Health Organization; 2006.

	22.
Kismul H, Acharya P, Mapatano MA, Hatløy A. Determinants of childhood stunting in the Democratic Republic of Congo: further analysis of demographic and health survey 2013–14. BMC Public Health. 2018 Dec;18(1):74.

	23.
Fikadu T, Assegid S, Dube L. Factors associated with stunting among children of age 24 to 59 months in Meskan district, Gurage zone, South Ethiopia: a case-control study. BMC Public Health. 2014 Dec;14(1):800.

	24.
Fenske N, Burns J, Hothorn T, Rehfuess EA. Understanding child stunting in India: a comprehensive analysis of socio-economic, nutritional and environmental determinants using additive quantile regression. PLoS ONE. 2013 Nov 4;8(11):e78692.

	25.
Aguillon DB, Caedo MM, Arnold JC, Engel RW. The relationship of family characteristics to the nutritional status of pre-school children. Food Nutr Bull. 1982;4(4):5–12.

	26.
Wray JD, Aguirre A. Protein-calorie malnutrition in Candelaria, Colombia. I. Prevalence: social and demographic causal factors. J Trop Pediatr. 1969;15(3):76–98.

	27.
Aguayo VM, Badgaiyan N, Paintal K. Determinants of child stunting in the Royal Kingdom of Bhutan: an in-depth analysis of nationally representative data. Matern Child Nutr. 2015;11(3):333–45.

	28.
Sarma H, Khan JR, Asaduzzaman M, Uddin F, Tarannum S, Hasan MM, et al. Factors influencing the prevalence of stunting among children aged below five years in Bangladesh. Food Nutr Bull. 2017;38(3):291–301.

	29.
Rahman A, Chowdhury S. Determinants of chronic malnutrition among preschool children in Bangladesh. J Biosoc Sci. 2007;39(2):161–73.

	30.
Farebrother J, Naude CE, Nicol L, Sang Z, Yang Z, Andersson M, et al. Systematic review of the effects of iodised salt and iodine supplements on prenatal and postnatal growth: study protocol. BMJ Open. 2015;5(4):e007238.

	31.
Cohen J, Cohen P, West SG, Aiken LS. Applied multiple regression/correlation analysis for the behavioral sciences. Routledge. 2013.

	32.
Mohsena M, Goto R, Mascie-Taylor CG. Regional variation in maternal and childhood undernutrition in Bangladesh: evidence from demographic and health surveys. Who South-East Asia J Public Health. 2015;4(2):139–49.

	33.
Titumir RAM, Rahman KMM. Poverty and inequality in Bangladesh. 2011. Retrieved from http://​www.​unnayan.​org/​reports/​Poverty_​and_​Inequality_​in_​Bangladesh.​pdf

	34.
Chowdhury TR, Chakrabarty S, Rakib M, Saltmarsh S, Davis KA. Socio-economic risk factors for early childhood underweight in Bangladesh. Glob Health. 2018;14(1):1–12.

	35.
UNICEF Bangladesh. 2020. Bangladesh education fact sheets 2020: analysis for learning and equity using Bangladesh MICS.

	36.
Kanjilal B, Mazumdar PG, Mukherjee M, Rahman MH. Nutritional status of children in India: household socio-economic condition as the contextual determinant. Int J Equity Health. 2010. https://​doi.​org/​10.​1186/​1475-9276-9-19.

	37.
SM MK. Socio-economic determinants of severe and moderate stunting among under-five children of rural Bangladesh. Mal J Nur. 2011;17(1):105–18.

	38.
Hong R, Mishra V. Effect of wealth inequality on chronic under-nutrition in Cambodian children. J Health Popul Nutr. 2006;24:89–99.

	39.
Agee MD. Reducing child malnutrition in Nigeria: combined effects of income growth and provision of information about mother’s access to health care services. Soc Sci Med. 2010;71:1973–80.

	40.
Van de Poel E, Hosseinpoor AR, Speybroeck N, Van Ourti T, Vega J. Socioeconomic inequality in malnutrition in developing countries. Bull World Health Organ. 2008;86(4):282–91.

	41.
Delpeuch F, Traissac P, Martin-Prével Y, Massamba JP, Maire B. Economic crisis and malnutrition: socioeconomic determinants of anthropometric status of preschool children and their mothers in an African urban area. Public Health Nutr. 2000;3(01):39–47.

	42.
Chowdhury, T.R., Chakrabarty, S., Rakib, M., Afrin, S., Saltmarsh, S. and Winn, S., 2020. Factors associated with stunting and wasting in children under 2 years in Bangladesh. Heliyon, 6(9), p.e04849.

	43.
Talukder B. Regional differences of child under-nutrition in Bangladesh. Finn Yearb Popul Res. 2013;48:189–201.

	44.
Fernandez ID, Himes JH, Onis MD. Prevalence of nutritional wasting in populations: building explanatory models using secondary data. Bull World Health Organ. 2002;80(4):282–91.

	45.
El-Sayed N, Mohamed AG, Nofal L, Mahfouz A, Zeid HA. Malnutrition among pre-school children in Alexandria, Egypt. J Health Popul Nutr. 2001;19(4):275–80.

	46.
Abuya BA, Onsomu EO, Moore D. Influence of maternal education on child immunization and stunting in Kenya. Matern Child Health J. 2011. https://​doi.​org/​10.​1007/​s10995-010-0670-z.

	47.
Megabiaw B, Rahman A. Prevalence and determinants of chronic malnutrition among under-5 children in Ethiopia. Int J Child Health Nutr. 2013;2(3):230–6.

	48.
Ruel MT, Menon P. Child feeding practices are associated with child nutritional status in Latin America: innovative uses of the demographic and health surveys. J Nutr. 2002;132(6):1180–7.

	49.
Maïga EW. The impact of Mother’s education on child health and nutrition in developing countries: evidence from a natural experiment in Burkina Faso. Accra, Ghana: African Center for Economic Transformation; 2011.

	50.
Caputo A, Foraita R, Klasen S, Pigeot I. Undernutrition in Benin—an analysis based on graphical models. Soc Sci Med. 2003;56:1677–91.

	51.
Aerts D, Drachler ML, Giugliani ERJ. Determinants of growth retardation in southern Brazil. Cadernos de Saúde Pública. 2004;20:1182–90.

	52.
Agho KE, Inder KJ, Bowe SJ, Jacobs J, Dibley MJ. Prevalence and risk factors for stunting and severe stunting among under-fives in North Maluku province of Indonesia. BMC Pediatr. 2009. https://​doi.​org/​10.​1186/​1471-2431-9-64.

	53.
Pongou R, Ezzati M, Salomon JA. Household and community socioeconomic and environmental determinants of child nutritional status in Cameroon. BMC Public Health. 2006. https://​doi.​org/​10.​1186/​1471-2458-6-98.

	54.
Kumar D, Goel NK, Mittal PC, Misra P. Influence of infant-feeding practices on nutritional status of under-five children. Indian J Pediatr. 2006. https://​doi.​org/​10.​1007/​BF02758565.

	55.
Hoffman DJ, Sawaya AL, Coward WA, Wright A, Martins PA, de Nascimento C, et al. Energy expenditure of stunted and non stunted boys and girls living in the shantytowns of Sao Paulo, Brazil. Am J Clin Nutr. 2000;72(4):1025–31.

	56.
Prista A, Maia JA, Damasceno A, Beunen G. Anthropometric indicators of nutritional status: implications for fitness, activity, and health in school-age children and adolescents from Maputo, Mozambique. Am J Clin Nutr. 2003;77(4):952–9.

	57.
Das S, Hossain MZ, Islam MA. Predictors of child chronic malnutrition in Bangladesh. Proc Pak Acad Sci. 2008;45(3):137–55.

	58.
Zimmermann MB. The effects of iodine deficiency in pregnancy and infancy. Paediatr Perinat Epidemiol. 2012;26(s1):108–17.

	59.
World Health Organization. Assessment of iodine deficiency disorders and monitoring their elimination: a guide for programme managers. World Health Organization 2007.

	60.
Egata G, Berhane Y, Worku A. Seasonal variation in the prevalence of acute undernutrition among children under five years of age in east rural Ethiopia: a longitudinal study. BMC Public Health. 2013;13:864. https://​doi.​org/​10.​1186/​1471-2458-13-864.Crossref

	61.
Burza S, Mahajan R, Marino E, et al. Seasonal effect and long-term nutritional status following exit from a community-based Management of Severe Acute Malnutrition program in Bihar. India Eur J Clin Nutr. 2016;70(4):437–44. https://​doi.​org/​10.​1038/​ejcn.​2015.​140.Crossref



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


OEBPS/navigation.xhtml

    
      Contents


      
        		Risk factors for child stunting in Bangladesh: an analysis using MICS 2019 data


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





