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Abstract
We examine the link between maternal nutrition knowledge and nutritional outcomes of children and adolescents (5-18 years) measured in terms of height-for-age Z-scores (HAZ). One particular focus is on the role of different types of nutrition knowledge. The analysis builds on household-level and individual-level data collected in urban Kenya in 2012 and 2015. Various regression models are developed and estimated. Results show that maternal nutrition knowledge – measured through an aggregate knowledge score – is positively associated with child HAZ, even after controlling for other influencing factors such as household living standard and general maternal education. However, disaggregation by type of knowledge reveals important differences. Maternal knowledge about food ingredients only has a weak positive association with child HAZ. For maternal knowledge about specific dietary recommendations, no significant association is detected. The strongest positive association with child HAZ is found for maternal knowledge about the health consequences of not following recommended dietary practices. These findings have direct relevance for nutrition and health policies, especially for designing the contents of educational campaigns and training programs.
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Introduction
This study analyzes the link between maternal nutrition knowledge and child nutritional outcomes in urban households in Kenya. Malnutrition in all its forms affects one out of three individuals worldwide (IFPRI, 2016). While overnutrition rates are rising, undernutrition remains a major concern in many countries. It is estimated that 25% of all children in developing countries are stunted, an indication of sustained episodes of energy and micronutrient deficiencies. In spite of the progress made elsewhere, in Africa the number of stunted children continues to increase (IFPRI, 2016; UNICEF et al., 2015).
Various interventions are commonly implemented to improve child nutrition and promote healthy living environments for poor households. Among others, these interventions include food and cash transfers, supplementary feeding programs, and nutrition education campaigns (Hirvonen et al., 2016; Tabbakh & Freeland-Graves, 2016; World Bank, 2010). While the evidence for the effect of transfer programs on child health outcomes is mixed (Burchi et al., 2016; de Groot et al., 2017), there is a potential for an increased impact on child nutrition if conditional cash transfer programs are combined with nutrition education programs (Burchi et al., 2016). Positive associations between maternal nutrition knowledge and child nutritional outcomes are well documented for young children (Burchi, 2010; Appoh & Krekling, 2005; Webb & Block, 2004). For older children and adolescents, the effects have hardly been analyzed. Moreover, existing studies typically do not differentiate by type of nutrition knowledge, which would be useful to better understand how nutrition education programs should be designed to make them most effective. 
Studies on the effects of maternal nutrition knowledge in developing countries are mainly restricted to children under five years of age (e.g. Appoh & Krekling, 2005; Burchi, 2010; Webb & Block, 2004). It is assumed that nutritional improvements are most beneficial for young children (Black et al., 2013; Leroy et al., 2014; Ruel et al., 2008). Appoh and Krekling (2005), for instance, used data from Ghana to illustrate positive associations between mothers’ nutritional knowledge and the nutritional status of children under three. In that study on Ghana, maternal nutrition knowledge was measured with a composite knowledge score, calculated using answers to questions on breastfeeding, complementary feeding, and causes of Kwashiorkor. Burchi (2010) found positive effects of maternal knowledge on preschool children based on nationally representative data from Mozambique. Burchi (2010) constructed a nutrition and health knowledge variable by considering respondents’ awareness of vitamin A, HIV/AIDS, oral rehydration, and family planning.
A few studies identified positive links between maternal nutrition knowledge and child nutrition also for older children, but this evidence is limited to developed countries. Variyam et al. (1999) used data from the US and showed that maternal health awareness and knowledge about nutrient contents of foods had positive effects on dietary quality of children between 2 and 17 years of age. Also using data from households in the US, Tabbakh and Freeland-Graves (2016) measured maternal nutrition knowledge based on awareness of nutrient contents and dietary recommendations, finding a positive association with adolescents’ dietary quality and a negative association with adolescents’ body mass index.
Here, we contribute to this literature by analyzing associations between different types of maternal nutrition knowledge and older children’s nutritional status in a developing country. We use primary survey data collected in urban Kenya in 2012 and 2015. Specifically, we aim to answer the following two research questions: (1) Is maternal nutrition knowledge positively associated with height-for-age Z-score (HAZ) of children and adolescents? (2) Do different types of maternal nutrition knowledge produce dissimilar results? 
Kenya is an interesting example for this type of research because malnutrition in all its forms is prevalent. Especially in urban areas, traditional diets are increasingly shifting towards more processed foods, which was shown to contribute to overweight and obesity among adults (Rischke et al., 2015; Kimenju et al., 2015). At the same time, rates of stunting remain relatively high among children and adolescents. The coexistence of different forms of malnutrition in the same setting and the same households is common also in other parts of Africa. In such situations, it is especially important to better understand the role of nutrition knowledge. This can help to design more effective food and nutrition policies.

Materials and Methods
Conceptual Framework
Theoretical and empirical research suggests that maternal nutrition knowledge is necessary but not sufficient for healthy child nutrition and for inducing related behavioral change (e.g. Contento, 2008; Hawkes et al., 2015). Mothers are particularly important for nutritional outcomes of children and other household members, because in most situations mothers are primarily responsible for dietary choices and food preparation. 
There are two main pathways how children can be affected by the nutrition knowledge of their mother. First, the quantity, quality, and diversity of the food prepared in the household, as well as the sanitary practices, influence child nutritional outcomes directly (Variyam et al., 1999;Campbell et al., 2013). Second, the dietary and sanitary practices observed and experienced during childhood can also have an indirect effect through forming attitudes towards nutrition and health (Hoddinott et al., 2016; Yabancı et al., 2014;Vereecken and Maes, 2010). Attitudes developed during childhood are known to affect own dietary practices in later life (Kigaru et al., 2015). This already starts with older children and adolescents making their own choices for food consumed away from home. Against this background it is very plausible that different types of maternal nutrition knowledge can have different effects on child nutrition.
Household and contextual variables – such as living standard and food environment – can influence maternal nutrition knowledge and also child nutritional outcomes (Hawkes et al., 2015). In our empirical analysis, we control for such factors through including appropriate covariates in regression models. The main nutritional outcome of interest is child HAZ, which measures long-term nutritional outcomes. Maternal nutrition knowledge is expected to influence the nutrition of children and adolescents in the long run.

Study Context and Data
The data for this study were collected in two rounds of a household survey conducted in Kenya in 2012 and 2015. Kenya’s child undernutrition rates are high, with 35% of all children being stunted, 7% wasted, and 16 % underweight (Matanda et al., 2014; Ministry of Public Health and Sanitation, 2012). Our research was conducted in Central Kenya, where child undernutrition has seen only moderate improvement over the last two decades (Matanda et al., 2014).
We concentrated on urban and peri-urban areas and used a two-stage sampling procedure. At the first stage, we purposively selected three towns in Central Kenya, namely Ol Kalou, Njabini, and Mwea. These three towns have similar characteristics in terms of the size of the urban center, infrastructure conditions, and availability of social institutions (hospitals etc.). Yet some variation in terms of the type of available food retail outlets was observed (Kimenju et al., 2015; Rischke et al., 2015). At the second stage, around 150 households were randomly selected in each of the three towns. In 2012, the total sample comprised 453 households. In 2015, the sample included 450 households. For the 2015 survey round, about half of the 2012 households were revisited, the other half were newly selected, again using random sampling.
In both survey rounds, a structured questionnaire was used to collect data on various socioeconomic characteristics, including household composition, income sources, food and non-food consumption expenditures, the health of household members, and access to various types of services. In addition to the household-level data we took anthropometric measures from one randomly selected child (aged 5-18) in each household and his/her mother or caretaker.[footnoteRef:2] Body measurements were taken according to international standards (Centers for Disease Control and Prevention, 2007) with an accuracy of 0.1 kg for body weight and 0.7 cm for height (de Onis et al., 2004). Maternal nutrition knowledge was captured through a series of diet and nutrition related questions, as explained in more detail below. [2:  In cases where the child’s mother was unavailable, data from another female caretaker in the same household were taken. This happened in 12% of the sample households.] 

Not all sample households had children between 5 and 18 years of age. In a few cases, there were children in the households but we were unable to trace them, even after repeated visits. For the analysis, we pool the sample from the two survey rounds and construct a child-level data set. Sixty-four children were observed during both survey rounds (128 observations), while 298 children were observed only in 2012 or in 2015. In total, we have 426 observations from children and adolescents (aged 5-18) with complete data for all relevant variables.
Measuring Child Nutritional Outcomes
We used the WHO growth references for school-aged children and adolescents (de Onis et al., 2007) to generate height-for-age Z-scores (HAZ) for all children and adolescents in our sample. HAZ refers to the standard deviation from the median height of a child or adolescent of the same age and sex in a reference population. A child or adolescent is considered stunted (extremely stunted; mildly stunted) if the Z-score is below the cutoff of -2 (-3;-1) standard deviations below the reference population (WHO, 2006; O’Donnell et al., 2008). A low HAZ reflects a status of sub-optimal growth due to long-term adverse nutrition and health conditions (WHO, 1995; WHO, 2016). While child growth largely depends on nutrition and health during early childhood, conditions during later childhood and adolescence also matter, and some catch-up growth is possible (Adair, 1999; Darnton-Hill et al., 2004; Prentice et al., 2013; Stein et al., 2010).
In our sample, we only consider children above 5 years of age, without assuming that the association between mothers’ nutrition knowledge and HAZ is directly transferable to younger children. As mentioned, however, a positive association for younger children has been shown in previous studies (Appoh & Krekling, 2005; Burchi, 2010; Webb & Block, 2004).

Measuring Maternal Nutrition Knowledge
In the survey, we asked the children’s mothers various questions concerning nutrition knowledge. Building on the ‘stages of change’ model (Glanz et al., 1994), which illustrates that changes in dietary behavior have different types of information needs, our knowledge questions were subdivided into three categories: (a) knowledge about food ingredients (particularly focusing on sugar, fat, and salt), (b) knowledge about specific dietary recommendations (focusing on the consumption of fresh fruits and vegetables and on breastfeeding), and (c) knowledge about the health consequences of not following recommended dietary practices. Details of the questions asked are shown in Table 1.
Responses to each question were classified as correct or incorrect. Based on the number of correct responses, we generated different types of nutrition knowledge scores. First, for each respondent we used the sum of correct responses for the different questions belonging to the same knowledge category. This sum was then divided by the number of correct responses at the 95% distribution of correct responses among all individuals. To standardize values in a range between 0 and 1, we replaced any value greater than one with the value 1. This procedure results in an individual nutrition knowledge score for each category (a), (b), and (c), which we use in order to analyze the role of each type of nutrition knowledge. Second, for each respondent we calculate an aggregated nutrition knowledge score as the arithmetic mean of the knowledge scores for all three categories.
Statistical Analysis
We use non-parametric and parametric statistical approaches to analyze the data. Non-parametric approaches that we use include local polynomial regression and kernel density plots to visualize the association between maternal nutrition knowledge and child HAZ. A local polynomial regression smooths a scatter plot of the two variables by using a polynomial fit. The analysis applies a weighted least squares regression with greater weights given to data points closer to the polynomial fit (Cleveland, 1979).
Kernel density plots smooth kernel density functions of each data point, whereby the kernel estimates vary depending on the number of observations in the neighborhood of each data point (Silverman, 1986; Wand & Jones, 1995). In our density plot, we use a univariate kernel density estimation of HAZ for households with different levels of nutrition knowledge. For this purpose, we take the arithmetic mean of the aggregated maternal nutrition knowledge score and split the sample into two: households with a high (above average) and households with a low (below average) nutrition knowledge score. We also use a modified threshold in a robustness check.
For the parametric statistical analysis, we use ordinary least squares (OLS) regression models of the following form:
			[1]
where subscript i denotes child-level and subscript h household-level variables, measured at time t.  is the height-for-age Z-score of children and adolescents.  is the maternal nutrition knowledge score.  is a vector of child characteristics such as age, sex, and the incidence of infectious diseases during the month prior to each survey round. is a vector of household characteristics such as age and sex of the household head and height of the mother.  is a vector of human capital and living standard variables, where we specifically include maternal education and household consumption expenditures[footnoteRef:3]. Maternal education refers to the schooling years of the mother and is therefore different from the more specific maternal nutrition knowledge score.  is a time dummy representing the survey year and taking a value of 1 for 2015.  is a random error term with mean zero. [3:  Household consumption expenditures include expenditures for all food and non-food items consumed by the household over a period of one month. To make values comparable across households of different size, we express consumption expenditures per adult equivalent. Monetary values for 2015 were deflated to 2012 using the consumer price index.] 

We are particularly interested in the estimate for  and hypothesize a positive association between maternal nutrition knowledge and child HAZ. To test for the role of different types of nutrition knowledge, we run the model in four different versions. In model (1),  is the aggregate nutrition knowledge score, whereas in models (2), (3), and (4) we use the disaggregated scores for the three knowledge categories explained above. Furthermore, variants of each model are estimated, with and without including . Maternal education and household consumption expenditures are important control variables, but due to their expected correlation with  they may capture some of the maternal knowledge effects. Comparing the estimates with and without  allows us to examine whether maternal nutrition knowledge has a significant association with child HAZ even after controlling for maternal education and household living standard.
We estimate model (1) in four variants. Model (1A) presents the base model without  included. Models (1B) and (1C) respectively include maternal education and consumption expenditures, whereas Model (1D) includes both these variables together. For brevity, Models (2) to (4) are only presented in two variants, namely with and without both variables in  included.
Although one may expect the nutrition knowledge variable to be endogenous, we control for relevant confounding factors in estimating HAZ of children and adolescents. Note that we do not claim causality but seek to explore associations. To control for heteroscedasticity, we use robust standard errors based on White’s heteroscedasticity correction (White, 1980). We are looking at current maternal nutrition knowledge, which has likely formed over a longer period of time, and relate this to current child nutritional outcomes, which are also the result of a longer-term process. The implicit assumption is that maternal nutrition knowledge and child nutritional outcomes have similar time horizons.

Results
Descriptive Statistics
Table1 shows the questions that were asked in the survey to calculate the maternal nutrition knowledge scores, as well as the share of respondents giving correct answers. The highest average share of correct responses is observed for knowledge about the health consequences of not following dietary recommendations (79%). For the other two categories of nutrition knowledge, the average shares of correct responses are lower. Comparing between the two survey years, the share of correct responses on food ingredients and on dietary recommendations was somewhat lower in 2015 than in 2012, while the share of correct responses on health consequences was higher in 2015. Hence, it is not possible to establish a clear time trend for maternal nutrition knowledge.
Table 1. Nutrition knowledge questions and percentages of correct answers
	
	Percentage correct
	Correct

	
	All years
	2012
	2015
	answer

	Knowledge about food ingredients
	35
	37
	30
	

	Do you think these food products are high, medium or low in added sugar?

	Natural yoghurt
	29
	37
	21
	Low

	Flavored yoghurt
	26
	28
	25
	High

	Fresh juice
	24
	33
	14
	Low

	White bread
	47
	50
	43
	Low

	Tomato ketchup
	16
	20
	12
	High

	Do you think these food products are high, medium or low in fat?

	Chips
	79
	88
	70
	High

	Margarine
	62
	68
	56
	High

	Crisps
	30
	29
	31
	High

	Fried beef sausage
	46
	46
	46
	High

	Honey
	53
	70
	36
	Low

	Raw nuts 
	12
	12
	13
	High

	White bread
	64
	70
	58
	Low

	Cake 
	27
	36
	19
	High

	Do you think these food products are high, medium or low in salt?

	Sausages
	22
	19
	25
	High

	Brown bread
	6
	4
	8
	High

	Popcorn
	26
	28
	25
	High

	Tomato ketchup
	15
	16
	14
	High

	Instant noodles
	14
	13
	15
	High

	Table 1 continued
	
	
	
	

	Knowledge about dietary recommendations
	52
	56
	49
	


	How many servings of fruits and vegetables together do you think experts advise people to eat every day?

	8
	16
	1
	4-6

	What do you think is the recommended period of exclusively breastfeeding infants?
	96
	96
	96
	6 months

	Knowledge about the health consequences of not following dietary recommendations
	79
	72
	86


	

	Are you aware of any health problems associated with eating none or too little fresh fruits and vegetables?

	78
	74
	82
	

	Are you aware of any health problems or diseases associated with excess body weight?

	92
	88
	96
	

	Which health problems or diseases do you think are associated with not exclusively breastfeeding infants?
	67
	54
	81
	

	Observations a
	399
	200
	199
	


a Number of observations refers to the number of unique households
The average number of correct responses for the three categories and the calculated nutrition knowledge scores are presented in Table 2. The average aggregate nutrition knowledge score is 0.59, which means that the average respondent had 59% of the knowledge of the best-performing individuals (95th percentile of correct answers) in the sample.


Table 2. Number of correct responses and maternal nutrition knowledge scores
	
	All years
	2012
	2015

	Number of correct responses
	
	
	

	Knowing food ingredients a

	5.96     (2.94)
	
6.63  (2.81)
	
5.30       (2.92)

	Knowing dietary recommendations b

	1.05    (0.34)
	
1.12  (0.43)
	
0.97       (0.21)

	Knowing health consequences c

	2.37    (0.81)
	
2.15  (0.87)
	
2.60       (0.67)

	Standardized knowledge scores
	
	
	

	Knowing food ingredients
	0.46
	
0.47
	
0.44

	
	(0.22)
	(0.20)
	(0.24)

	
	
	
	

	Knowing dietary recommendations
	0.52
	0.56
	0.49

	
	(0.17)
	(0.21)
	(0.11)

	
	
	
	

	Knowing health consequences
	0.79
	0.72
	0.87

	
	(0.27)
	(0.29)
	(0.22)

	
	
	
	

	Aggregate nutrition knowledge score

	0.59    (0.13)
	0.58   (0.15)
	0.60       (0.12)


Mean values are shown with standard deviations in parentheses.
a The total number of questions in this category was 18.
b The total number of questions in this category was 2.
c The total number of questions in this category was 3.
Table 3 shows descriptive statistics for the other variables used in the empirical analysis. The average height-for-age Z-score of children and adolescents in our sample is -0.85, with lower values in 2012 (-1.05) than in 2015 (-0.66). HAZ of boys (-0.92) is lower than of girls (-0.78), which is consistent with other studies in Africa and Asia ( Debela et al., 2015; Christiaensen & Alderman, 2004; Webb & Block, 2004).
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Table 3. Descriptive statistics
	Variables
	All
	Year
	
	By maternal nutrition knowledge c
	

	
	
	2012
	2015
	
	High nutrition knowledge
	Low nutrition knowledge
	Difference

	Height-for-age Z-score (HAZ)
	
	
	
	
	
	
	

	HAZ
	-0.85 (1.20)
	-1.05 (1.30)
	-0.66 (1.19)
	
	-0.69
(1.07)
	-1.01
(1.31)

	0.31***

	HAZ, boys
	-0.92
(1.22)
	-1.15 (1.21)
	-0.66 (1.18)

	
	-0.74 
(1.13)
	-1.09 
(1.29)
	0.35**

	HAZ, girls
	-0.78 (1.26)
	-0.94 (1.38)
	-0.66 (1.01)

	
	-0.65 
(1.02)
	-0.92
 (1.33)
	0.27*

	Prevalence of stunting a
	0.16
	0.21
	0.12

	
	0.13
	0.19
	-0.06*

	Prevalence of mild stunting a
	0.43
	0.50
	0.36

	
	0.37
	0.49
	-0.12**

	Prevalence of extreme stunting a
	0.04
	0.07
	0.02
	
	0.01
	0.07
	-0.06***


	Child characteristics
	
	
	
	
	
	
	

	Age of child in months
	120 (41.13)
	117 (42.44)
	123 (39.78)
	
	120 
(41.93)
	120 
(40.37)

	-0.78

	Sex of child (1=female)
	0.52 (0.50)
	0.48 (0.50)
	0.56 (0.50)
	
	0.53  
 (0.50)
	0.51  
(0.50)

	0.03

	Infection during past month (1/0)
	0.08 (0.26)
	0.09 (0.29)
	0.06 (0.24)
	
	0.10  
 (0.30)
	0.05 
 (0.22)
	0.04*

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Table 3 continued
	
	
	
	
	
	
	

	Household characteristics
	
	
	
	
	
	
	

	Sex of household head (1=female)
	0.28 (0.45)
	0.29 (0.45)
	0.27 (0.44)
	
	0.23   
(0.42)
	0.33 
 (0.47)

	-0.10**

	Age of household head (years)
	41    (10.55)
	40  (10.57)
	41  (10.53)
	
	40 
 (9.69)
	41
(11.42)

	-0.58

	Height of mother (cm)
	159    (5.81)
	158  (5.81)
	159  (5.78)
	
	159   
 (5.35)
	158   
(6.26)

	0.70

	Education of mother (schooling years)
	9.63 (4.62)
	9.81 (4.96)
	9.47 (4.30)
	
	10.49  
(4.88)
	8.72   
 (4.15)
	1.77*** 



	Consumption expenditure per adult equivalent (Ksh/month) b
	6771    (3945)
	7031 (4595)
	6540 (3258)
	
	7231
 (4447)
	6284 
(3274)

	947**

	Town dummies
	
	
	
	
	
	
	

	Ol Kalou 
	0.34 (0.47)
	0.36 (0.48)
	0.32 (0.47)
	
	0.33   
(0.47)
	0.34  
(0.47)

	-0.00

	Mwea 
	0.28 (0.45)
	0.23 (0.42)
	0.32 (0.47)
	
	0.31   
(0.46)
	0.25 
 (0.43)

	0.06

	Njabini 
	0.39 (0.49)
	0.42 (0.49)
	0.35 (0.48)
	
	0.36   
(0.48)
	0.42 
 (0.49)
	-0.05

	Number of observations
	426
	200
	226
	
	219
	207
	


Mean values are shown with standard deviations in parentheses.
a Stunting is defined as HAZ<-2; mild stunting as HAZ<-1; extreme stunting as HAZ<-3.
b 1 US dollar = 95 Kenyan shilling (Ksh); average official exchange rate in 2015.
c Using the aggregate maternal nutrition knowledge score, households were subdivided into those with above and those with below average scores.
e Consumption expenditure value for 2015 has been deflated to 2012 values using World Bank’s Consumer Price Index (2010=100)

In the right-hand part of Table 3, we subdivide the sample into households with high and low maternal nutrition knowledge using the average aggregate nutrition score as the cutoff point. Children and adolescents with mothers that have high nutrition knowledge have a significantly larger HAZ (p<0.01) than children and adolescents with mothers that have low nutrition knowledge. We also observe significant differences between the two groups for some of the other child and household characteristics, such as the incidence of infectious diseases, sex of the household head, and household consumption expenditures. These are variables that we control for in the parametric regressions.

Non-Parametric Estimation Results
The graphical illustration of the non-parametric analysis shows a positive link between maternal nutrition knowledge and HAZ of children and adolescents (Figure 1). Panel (A) depicts the local polynomial regression plot. It can clearly be seen that maternal nutrition knowledge has a positive association with HAZ. Panel (B) shows the distribution of HAZ in households with high and low maternal nutrition knowledge. In households with high nutrition knowledge, the HAZ distribution is shifted to the right, which further underlines the positive association. The subsequent analysis investigates this relationship after controlling for confounding factors.



[image: C:\Users\bdebela\PowerFolders\Bethelhem Legesse Debela Files\GlobalFood Postdoc Research\Data Sets\Kenya-Urban\Working data\aprilHAZandNK.tif]
Figure 1. Relationship between maternal nutrition knowledge and child HAZ
Notes: Panel (A) shows a local polynomial regression with N=426 observations of children and adolescents (aged 5-18). Panel (B) shows kernel density plots of child and adolescent HAZ in households with high maternal nutrition knowledge score (N=219) and in households with low maternal nutrition knowledge score (N=207).
Parametric Estimation Results
Table 4 shows estimation results of the HAZ models using the aggregate maternal nutrition knowledge score, next to a set of child and household level covariates as explanatory variables. Model (1A) does not control for maternal education and household consumption expenditures. The estimates show that maternal nutrition knowledge is positively and significantly associated with HAZ of children and adolescents (p<0.01). The estimation coefficient of 1.25 implies that an increase in the knowledge score from 0 to 1 would increase child HAZ by 1.25. This is an extreme interpretation, however, because most of the observed knowledge scores are in a narrower range. As shown in Table 2, the aggregate nutrition knowledge score has a mean value of 0.59 and a standard deviation of 0.13. Using the 1.25 estimate from model (1A), an increase in the knowledge score by one standard deviation is associated with a 0.16 increase in HAZ.
Model (1B) in Table 4 additionally controls for maternal education. Results show that education of the mother positively affects HAZ of children and adolescents. In line with previous research by Burchi (2010) for younger children, we find that maternal nutrition knowledge remains positive and significant (p<0.01), even after accounting for maternal education. The coefficient magnitude for nutrition knowledge declines somewhat, implying that maternal nutrition knowledge and maternal education are positively correlated, as one would expect. However, the results also clearly suggest that formal school education is not the only pathway through which nutrition knowledge is acquired.
Model (1C) in Table 4 excludes maternal education and controls for household consumption expenditures instead. Consumption expenditures have a significantly positive effect on HAZ of children and adolescents, as one would expect. At the same time, the coefficient for maternal nutrition knowledge shrinks, but remains positive and statistically significant (p<0.05). This suggests that maternal nutrition knowledge plays an important role for child nutritional outcomes, even after controlling for household living standard.[footnoteRef:4] [4:  This result of a strong positive association between maternal nutrition knowledge and HAZ of children and adolescents also holds when we use alternative indicators of nutrition knowledge. In Table S1 in the supplementary material, we show results where we used the total number of correct answers to the nutrition questions instead of the standardized aggregate knowledge score.] 


Table 4. Association between aggregate maternal nutrition knowledge and child HAZ
	
	Model (1A)
	Model (1B)
	Model (1C)
	Model (1D)

	Aggregate nutrition knowledge score
	1.25***
	1.01***
	0.90**
	0.85**

	
	(0.35)
	(0.36)
	(0.35)
	(0.35)

	Age of child in months
	-0.01***
	-0.01***
	-0.01***
	-0.01***

	
	(0.00)
	(0.00)
	(0.00)
	(0.00)

	Sex of child(1=female)
	0.15
	0.16
	0.17
	0.17

	
	(0.11)
	(0.11)
	(0.11)
	(0.11)

	Infection during past month(1/0)
	-0.39**
	-0.40**
	-0.42**
	-0.42**

	
	(0.20)
	(0.19)
	(0.18)
	(0.18)

	Sex of household head(1=female)
	-0.08
	-0.04
	-0.04
	-0.03

	
	(0.12)
	(0.12)
	(0.12)
	(0.12)

	Age of household head(years)
	0.00
	0.01
	0.01
	0.01

	
	(0.01)
	(0.01)
	(0.01)
	(0.01)

	Height of mother(cm)
	0.05***
	0.05***
	0.04***
	0.04***

	
	(0.01)
	(0.01)
	(0.01)
	(0.01)

	Year dummy(1=2015)
	0.33***
	0.35***
	0.35***
	0.35***

	
	(0.11)
	(0.11)
	(0.11)
	(0.11)

	Education of mother (years)
	
	0.03**
	
	0.01

	
	
	(0.01)
	
	(0.02)

	Consumption expenditures (log)
	
	
	0.46***
	0.43***

	
	
	
	(0.11)
	(0.12)

	Town dummies 
	Yes
	Yes
	Yes
	Yes

	Constant
	-8.47***
	-8.61***
	-12.11***
	-11.88***

	
	(1.72)
	(1.72)
	(1.79)
	(1.89)

	Number of obs.
	426
	426
	426
	426

	R-squared
	0.18
	0.20
	0.23
	0.23


Coefficient estimates are shown with standard errors in parentheses. The dependent variable in all models is height-for-age Z-scores (HAZ) of children and adolescents (aged 5-18).
* p<0.1; ** p<0.05; *** p<0.01

In Model (1D) of Table 4 we control for both maternal education and consumption expenditures. Once consumption expenditures are controlled for, mother’s education no longer affects HAZ of children and adolescents. This is due to the close correlation between maternal education and household consumption expenditures. As maternal education is an important determinant of household income, and income determines consumption expenditures, this close correlation between the variables should not surprise. The coefficient of the maternal nutrition knowledge score remains significant also in this model specification.
The coefficient estimates of the other control variables in Table 4 also reveal some interesting patterns. The age of the child is negatively associated with HAZ (p<0.01), which underlines the importance of including older children and adolescents in the analysis. Children who suffered from an infectious disease during the month prior to the survey have significantly lower HAZ (p<0.05). In children, infectious diseases often have immediate implications for body weight, which is not reflected in HAZ. However, the infectious disease dummy is probably also a proxy of health and sanitation conditions in the household more generally, so that the negative association with HAZ is not surprising. The positive and significant association between the mother’s height and the child’s HAZ (p<0.01) is also as expected. Finally, the year dummy indicates that the nutritional status of children and adolescents generally improved between 2012 and 2015.
Table 5 shows estimation results of the HAZ models with the disaggregated nutrition knowledge scores (for the three knowledge categories) as explanatory variables. Model (2) reveals that maternal knowledge about food ingredients is associated with a higher HAZ of children and adolescents, even though the association is relatively weak (p<0.10). Model (3) suggests that maternal knowledge about dietary recommendations has no significant association with HAZ of children and adolescents.
The largest and strongest positive association with HAZ is found for maternal knowledge about the health consequences of not following dietary recommendations. Given that the observed standard deviation for the knowledge score on health consequences is 0.27 (Table 2), the coefficient estimate of 0.54 in model (4A) implies that an increase in knowledge of this type by one standard deviation is associated with a 0.15 increase in child HAZ. This association remains weakly significant (p<0.1) also after controlling for maternal education and household consumption expenditures.
An important implication of comparing coefficients for the different types of knowledge in Table 5 is that knowledge about the negative health consequences of not following dietary recommendations seems to play a more important role than knowledge about the dietary recommendations as such.



Table 5. Association between different types of maternal nutrition knowledge and child HAZ
	
	Model (2)
	
	Model (3)
	
	Model (4)

	
	(2A)
	(2B)
	
	(3A)
	(3B)
	
	(4A)
	(4B)

	Knowledge about food ingredients
	0.41*
	0.32
	
	
	
	
	
	

	
	(0.22)
	(0.22)
	
	
	
	
	
	

	Knowledge about dietary recommendations
	
	
	
	0.42
	0.17
	
	
	

	
	
	
	
	(0.35)
	(0.34)
	
	
	

	Knowledge about health consequences
	
	
	
	
	
	
	0.54***
	0.35*

	
	
	
	
	
	
	
	(0.20)
	(0.20)

	Age of child in months
	-0.01***
	-0.01***
	
	-0.01***
	-0.01***
	
	-0.01***
	-0.01***

	
	(0.00)
	(0.00)
	
	(0.00)
	(0.00)
	
	(0.00)
	(0.00)

	Sex of child (1=female)
	0.17
	0.19*
	
	0.15
	0.18*
	
	0.15
	0.18*

	
	(0.11)
	(0.11)
	
	(0.11)
	(0.11)
	
	(0.11)
	(0.11)

	Infection during past month (1/0)
	-0.34*
	-0.39**
	
	-0.34*
	-0.39**
	
	-0.38*
	-0.41**

	
	(0.20)
	(0.18)
	
	(0.19)
	(0.18)
	
	(0.20)
	(0.19)

	Sex of household head (1=female)
	-0.11
	-0.04
	
	-0.13
	-0.05
	
	-0.09
	-0.03

	
	(0.12)
	(0.12)
	
	(0.12)
	(0.12)
	
	(0.12)
	(0.12)

	Age of household head (years)
	0.00
	0.01
	
	0.00
	0.01
	
	0.00
	0.01

	
	(0.01)
	(0.01)
	
	(0.01)
	(0.01)
	
	(0.01)
	(0.01)

	Height of mother (cm)
	0.05***
	0.04***
	
	0.05***
	0.04***
	
	0.05***
	0.04***

	
	(0.01)
	(0.01)
	
	(0.01)
	(0.01)
	
	(0.01)
	(0.01)

	Year dummy (1=2015)
	0.37***
	0.38***
	
	0.38***
	0.38***
	
	0.27**
	0.31***

	
	(0.11)
	(0.11)
	
	(0.11)
	(0.11)
	
	(0.11)
	(0.11)

	Education of mother (schooling years)
	
	0.01
	
	
	0.02
	
	
	0.01

	
	
	(0.02)
	
	
	(0.02)
	
	
	(0.02)

	Consumption expenditures (log)
	
	0.45***
	
	
	0.44***
	
	
	0.43***

	
	
	(0.12)
	
	
	(0.12)
	
	
	(0.12)

	Town dummies
	Yes
	Yes
	
	Yes
	Yes
	
	Yes
	Yes

	Constant
	-7.91***
	-11.73***
	
	-7.97***
	-11.65***
	
	-8.21***
	-11.76***

	
	(1.72)
	(1.89)
	
	(1.73)
	(1.90)
	
	(1.73)
	(1.89)

	Number of observations
	426
	426
	
	426
	426
	
	426
	426

	R-squared
	0.17
	0.22
	
	0.17
	0.22
	
	0.18
	0.22


Coefficient estimates are shown with standard errors in parentheses. The dependent variable in all models is height-for-age Z-scores (HAZ) of children and adolescents (aged 5-18).
* p<0.1; ** p<0.05; *** p<0.01

Robustness Checks
In the descriptive analysis and for some of the non-parametric estimations, we subdivided the sample into households with high and low maternal nutrition knowledge, using the average aggregate nutrition score as the cutoff point. This cutoff was chosen for convenience. To check whether the results change when using a different cutoff, we classified those that correctly responded to more (less) than 50% of the nutrition questions as having high (low) nutrition knowledge. The results do not change much (see Table S2 and Figure S1, supplementary material), underlining the robustness of the findings to changes in the cutoff point.
Another aspect that is worth some further analysis is the fact that our sample is characterized by a high attrition rate. Many children that were included in the first survey round could not be included again in the second round and were replaced by other children in the same locations. In order to check whether there is any systematic difference between the children that were included in both survey rounds and those that were only included in one of the rounds, we regressed an attrition dummy on the set of socioeconomic explanatory variables, using a probit specification (see Table S3, supplementary material). Most of the socioeconomic variables are statically insignificant in this probit model, except for height and education of the mother. We do not find systematic differences for the child’s own characteristics. The probit model was also used to calculate an inverse mills ratio that we included as an additional explanatory variable in model (1) to explain HAZ. This is a common approach to test and control for possible attrition bias. The inverse mills ratio in this HAZ model is statistically insignificant (see Table S3), so we conclude that our results are not affected by attrition bias.
Limitation
Two limitations of the study should be mentioned here. First, while international growth standards exist for infants and preschool children (WHO, 2006), for children above 5 years of age the available growth references still have certain shortcomings (de Onis et al. 2007). Although the references for school-age children and adolescents were reconstructed recently[footnoteRef:5], an international growth standard for this age group, designed with multi-ethnic sampling strategies, does not exist. This means that levels of optimal growth for children between 5-19 years cannot be derived very accurately (Butte et al., 2007; Wells, 2014). We do not expect that this inaccuracy would affect the general relationship between maternal nutrition knowledge and child growth. [5:  The reconstructed growth references for children between 5-19 years make use of the 1977 NCHS/WHO growth reference (Hamill et al., 1977) supplemented with data from the WHO child growth standards (WHO, 2006) and apply the state-of-the-art statistical methods (de Onis et al., 2007). ] 

Second, the number of survey questions for each of the nutrition knowledge categories in our study was not equally distributed. In the calculation of the aggregate knowledge score, we took this into account by first calculating a score for each category separately before constructing the composite knowledge indicator. This ensures that none of the categories is under- or over-represented in the aggregate score. Nevertheless, more questions in some of the categories could have further added to our understanding of the role of different types of nutrition knowledge. In future research, it would be particularly interesting to increase the number and the variety of questions related to dietary recommendations and to the health consequences of not following such recommendations.

[bookmark: _GoBack]Discussion 
It has long been established that raising awareness of balanced nutrition and nutrition-related health issues is one important avenue of reducing child undernutrition in developing countries. However, the extent to which different types of nutrition knowledge affect child nutritional outcomes is not yet sufficiently understood. We have contributed to this research direction by using survey data from Central Kenya. Results show that maternal nutrition knowledge is positively and significantly associated with HAZ of children and adolescents. This positive association is consistent with previous findings using data from younger children (e.g. Christiaensen & Alderman, 2004; Webb & Block, 2004; Variyam et al., 1999).
In addition, we have analyzed the role of different types of nutrition knowledge, which has rarely been done in previous studies. Indeed, our results differ by knowledge type. Maternal knowledge about food ingredients only has a weak positive association with HAZ of children and adolescents. For maternal knowledge about specific dietary recommendations, no significant association was detected. The strongest positive association with HAZ was found for maternal knowledge about the health consequences of not following recommended dietary practices.
These findings imply that building broader awareness of the health risks of unsuitable dietary practices among mothers and caretakers is important for improving nutrition and health of children and adolescents. Put differently, knowledge about adverse health consequences seems to be more effective in shaping dietary behavioral responses than knowledge about food ingredients and dietary recommendations per se. Of course, nutrition education programs will always have to take into account the concrete nutritional needs and challenges in a particular setting. But our conclusion that effective nutrition education and training programs should always link dietary recommendations to concrete health consequences probably holds beyond the concrete setting.
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