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ABSTRACT 

 

This paper examines the relationship of maternal HIV on nutritional outcomes for 

dependent children, aged 0-60 months, in Kenya. While current literature has begun to examine 

the effect of parent HIV status on educational and nutritional outcomes of orphans and other 

vulnerable children, very little is known about children still living with HIV positive parents. 

This study uses data from the 2009 Kenya Demographic and Health Survey, one of only a few 

nationally representative surveys that link individual HIV test results with a host of demographic, 

behavioral and social indicators. Using OLS models, and controlling for multiple sources of 

endogeneity, this study tests the hypothesis that dependent children of HIV positive mothers are 

at greater risk of malnutrition and finds that maternal HIV is correlated with an increased 

likelihood that dependent children will be underweight and/or wasted, two indicators of 

malnutrition. These findings suggest that current health policies and nutrition interventions are 

not effectively reaching this vulnerable population. Improvements in targeting and tailoring 

existing programs to meet the unique needs of HIV positive mothers and their children should be 

considered.   
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CHAPTER 1. INTRODUCTION 

 

In 2010, the World Food Programme released a report naming hunger the number one 

global health threat, killing more people that HIV, tuberculosis and malaria combined. Every six 

seconds a child dies of hunger or hunger related disease and an estimated 150 million children in 

the developing world are malnourished.  A disproportionate amount of these children live in 

Sub-Saharan Africa, where 17 countries are presently experiencing protracted food insecurity 

(UN, 2010).  Despite increased focus from the global health community on hunger as part of the 

Millennium Development Goals, in 2010 the United Nations announced that progress toward 

reducing world hunger had been stymied in most regions, and may have even been reversed in 

Sub-Saharan Africa (UN, 2010). 

In Kenya in 2009, 29.7 percent of all children were considered stunted, 18.7 percent were 

underweight and 7 percent were wasted. Children with prolonged bouts of malnutrition often 

suffer irreversible cognitive and developmental impairments. Stunting is linked with both 

reduced school and work performance and ability. Adults who were stunted as children are, on 

average, 20 percent less productive over the course of their lifetimes than non-stunted peers. 

Children who experienced stunting during the first two years of life are 16 percent more likely to 

fail a grade. These outcomes have direct ramifications for economic development; the effects of 

malnutrition are associated with losses in Gross Domestic Product of up to 2-3 percent annually 

(Rawe, 2012). 

Food insecurity and hunger do not happen in a vacuum, and many inter-connected factors 

ranging from political instability to falling incomes as a result of the world financial crisis 

influence the severity and depth to which food insecurity is felt.  However, it is impossible to 
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ignore the role HIV/AIDS is playing in worsening the crisis, particularly in Sub-Saharan Africa 

where the burden of HIV is the heaviest; of the estimated 33.4 million people living with AIDS 

in 2008, two-thirds of them were living in sub-Saharan Africa.  A substantial body of evidence 

finds links between high prevalence of HIV and decreased agricultural production (de Waal, 

2003), but there is significantly less research examining what effect HIV/AIDS has on household 

food security. „New variant famine‟ is a relatively recent hypothesis put forward by Alex de 

Waal (2003) to further explain the relationship between regional food insecurity and specific 

household vulnerability to food shortage. New variant famine is characterized by four factors: 

 Household-level labor shortages due to adult morbidity and mortality, and the related 

increase in numbers of dependents 

 Loss of assets and skills due to adult mortality 

 The burden of care for sick adults and children orphaned by AIDS 

 The vicious interactions between malnutrition and HIV (de Waal, 2003) 

 

This hypothesis does not discount existing contributors to food crisis – drought, poverty, macro-

economic disparities, poor agricultural policies and economic mismanagement – but instead 

notes that HIV/AIDS made these factors more severe and intractable (de Waal, 2003). However, 

very few studies have quantitatively explored this hypothesis, in part because until the 2003 

Kenyan Demographic and Health Survey (DHS), there were insufficient data collected to test the 

impact of HIV/AIDS status on individual household level variables, including food security. The 

2003 Kenyan DHS was one of the first nationally representative, population-based surveys to 

link individual HIV test results in sample households with a full set of demographic, social and 

behavioral indicators. A study using these data found a direct impact on education and nutritional 

status for orphaned children of HIV-infected parents in Kenya, but stated that still “little is 
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known about the health and nutritional status of…children living with HIV-infected parents” 

(Mishra, 2005).  

This paper hopes to fill this gap in the literature by expanding upon the new variant 

famine hypothesis and these initial findings to go beyond the generalized effect HIV/AIDS plays 

on household food security to instead examine the relationship between maternal HIV status and 

nutritional outcomes for dependent children at the household level. This study will draw upon 

the most recent 2009 Kenyan DHS study to examine this relationship. Given that the Millennium 

Development Goals 1, 4 and 6 highlight the global health community‟s commitment to reducing 

hunger, reducing child mortality and eradicating HIV, respectively, the findings of this study on 

the interaction of maternal HIV status on child nutritional outcomes may prove to have crucial 

policy implications on how best to serve this population and further advance progress on these 

goals. 

 

CHAPTER 2. LITERATURE REVIEW 

 

Concepts and Definitions 

At this point it is important to define what is meant by nutritional status especially in 

relationship to food insecurity.  Though several definitions for food security exist, this paper uses 

the definition used by the United Nations Standing Committee on Nutrition (UNSCN) in their 6
th

 

Report on the World Nutrition Situation: 

Food security exists when all people, at all times, have physical, social and 

economic access to sufficient, safe and nutritious food to meet their dietary needs 

and food preferences for an active and healthy life (UNSCN, 2010). 
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In quantitative studies this has typically been measured at the household level by either kcal 

consumption/per person/per day or by household expenditure on kcal/per person/per day. While 

this may serve as a good basic indicator for sufficient energy consumption, appropriate intake of 

calories does not account for adequate intake of essential micronutrients. Micronutrient 

malnutrition and poor quality diets are associated with stunting, wasting and children being 

underweight. Stunting is defined as low height for age, reflecting a sustained past episode or 

episodes of under-nutrition. Stunting is measured as two or more standard deviations below the 

international reference population, and can be qualified as mild, moderate or severe (Mason, 

2006). Wasting is defined as low weight for height, and is an indicator for acute malnutrition. It 

is measured as two or more standard deviations below the international reference population. 

Underweight is a more traditional indicator of malnutrition, and is a useful measure for 

continuous assessment of nutritional progress and growth. It is defined as low weight for age, 

and is measured as two or more standard deviations below the international reference population. 

These are more accurate indicators of malnutrition in children than kcal consumption and will be 

the variables of interest for this paper. For all indicators The Kenyan DHS uses the World Health 

Organization (WHO)- recommended U.S. National Center for Health Statistics (NCHS) standard 

reference population as a point of comparison, based on the finding that young children of all 

population groups have similar genetic potential for growth (Owour, 2003). 

Proper nutrition during the first 1000 days, from conception to two years of age, is a 

crucial window of time when nutrition has the greatest impact on childhood development. 

Chronic malnutrition during this time may result in irreversible harm including increased 

susceptibility to disease, impaired physical and cognitive development and death. Furthermore, 
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substantial evidence points to intergenerational consequences of under-nutrition; malnourished 

children who survive to adulthood tend to perpetuate the cycle of under-nutrition for their own 

children (Drimie, 2009).  New studies show that children up to five years of age whom have 

been severely affected by episodes of malnutrition may not be able to recover physical and 

cognitive function as well as previously thought (Mason, 2006). For this reason, this paper will 

primarily focus on children from 0-60 months of age, as the potentially most vulnerable 

members of the family to be affected by household food insecurity.  

 

Table 1: Percent Stunted, Underweight and Wasted Children Aged 0-60 Months, by Age; Kenya, 2009 

Age of Child  Total  Observations Percent Stunted Percent Underweight Percent Wasted 

0-12 Months 6744 15.0 9.7 6.5 

13-24 Months 5508 41.9 9.7 13.2 

25-36 Months 4212 27.4 22.8 5.7 

37-48 Months 2574 27 19.6 5.4 

49-60 Months 1974 28.4 31.5 6.4 

Total 20832       

Source: DHS Kenya, 2009 
   

 

Table 1 indicates at one year of age almost 42 percent of Kenyan children are showing 

signs of stunting. At four years of age this number drops to just below 30 percent, but the 

increase in underweight children from 9.7 percent to over 30 percent during that same time 

period indicates that a substantial number of children may be permanently affected by prolonged 

malnutrition. 
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Research Frameworks 

Alex de Waal‟s (2003) hypothesis on new variant famine provides the theoretical basis for 

this paper.  New variant famine suggests that HIV may be impacting acute food insecurity and 

famine through household labor shortages, loss of assets and skill sets, and increased burden of 

care for sick family members due to adult morbidity and mortality as a result of HIV/AIDS 

infection. However, most of the supporting evidence for this theory has been in the form of 

qualitative, observational or micro-studies; systemic and quantitative information is still lacking 

(de Waal, 2003).  Despite this lack of quantitative evidence, this hypothesis has still been 

adopted by leaders at United Nations Children‟s Fund (UNICEF) and the World Food 

Programme, among others, as the “leading alternative paradigm for understanding this crisis” (de 

Waal, 2003).  

 A 2005 study undertaken on behalf of the United States Agency for International 

Development (USAID) analyzed the 2003 Kenya DHS to draw connections between the effects 

of parental HIV status on the educational and nutritional outcomes of orphans and other 

vulnerable children (OVC). This is one of the first and only empirical studies tracking individual 

HIV test results back to sample households to provide insight at this micro level. Moreover, the 

multivariate regression model utilized by the authors will inform the statistical model used in this 

paper.  The authors identified a host of factors that affect household food security, and then 

controlling for these factors, examined six groups of children: orphaned children, fostered 

children, children of HIV positive parents, children of HIV negative mothers who have no 

spouse, children whose parents‟ HIV status is unknown, and children of HIV negative parents. 

HIV status of children was not taken into account which may have skewed some of the 



 

7 

 

nutritional outcomes as HIV positive children are much more susceptible to being underweight 

as a function of HIV‟s impact on the body‟s ability to absorb nutrients, and may not reflect other 

household factors that may contribute to child nutrition. Nevertheless, for the six children groups 

studied, Mishra et al (2005), found statistically significant differences in educational and 

nutritional outcomes that necessitate further study. This paper hopes to build upon these findings 

by examining the relationship of maternal HIV on the nutritional status of dependent children 

and to further contribute to the evidence base for the new variant famine hypothesis.  

 Though not specifically linked to the new famine hypothesis, a study on the interaction 

between drought, HIV/AIDS and child nutrition in Southern Africa, found statistically 

significant results indicating that HIV positive households may be more susceptible to food 

shocks, including food price hikes, climate related shortages and political strife (Mason, 2006). 

Perhaps more importantly, this cross cultural study found that though the effects of HIV on 

household food security was present in each country affected by the 2002 drought, the degree to 

which these effects were felt varied widely by country (Mason, 2006). Though the authors‟ 

hypothesize some potential reasons for this variation, incomplete evidence makes it hard to 

conclusively identify the causes. However, the findings of this paper have implications for the 

external validity of any country specific study examining the relationship between HIV and 

household food security. 

 The International Food Policy Research Institute (IFPRI) commissioned paper on 

HIV/AIDS and food and nutrition security makes a case for the “wave theory” of the impact of 

HIV on food security (Gillespie, 2005). This theory divides the pandemic into four stages, with 

the first being infection, and the last being death, and examines these stages at the country 
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population level. Their chilling conclusions suggest that the state of food security will become 

much more dire as the population moves from stage one- infected but asymptomatic to stage 

four- death. They further conclude that almost all countries studied are primarily in stage 1 or 2 

as a whole. The loss of economic, social, and physical capital as a country progresses through the 

waves has the potential to cripple all progress made in Sub-Saharan Africa regarding reductions 

in hunger and new HIV infection, unless technological advances or current antiretroviral 

programs become significantly more available in Southern Africa (Gillespie, 2005). This study 

highlights how important it is to understand the interactions between food security and HIV 

before the epidemic progresses.  

 Finally, a 1993 study that examined a cohort of children born to HIV positive, HIV 

negative and HIV status unknown mothers, sheds some light on how mother‟s HIV status can 

impact the development of children. Regression analysis identified statistically significant 

differences among these groups of children, in terms of weight and height ratios. Though this 

study is somewhat out of date, and new variables have been identified as contributing factors to 

childhood malnutrition, it was the basis of many following studies and their conclusions 

regarding the detrimental effect of mother‟s HIV status still indicate the importance of nutritional 

interventions for pregnant HIV positive women (Bailey, 1993). 

 

Research and Policy Conclusions 

The United Nations and related organizations, including the Food and Agriculture 

Organization, UNICEF, UNAIDS, UNSCN, the World Food Programme and the World Health 

Organization, have made significant investments into researching effective food aid 
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interventions, including nutrition programs that incorporate an HIV lens in their development. 

The UNSCN 6
th

 Report on the World Nutrition Situation: Progress in Nutrition and the UN‟s 

The Millennium Development Goals Progress Report 2010 highlight some of the more 

successful interventions, including various school feeding programs, food and cash for work 

programs, and new focus on incorporating food aid with antiretroviral therapy programs. 

However, it is important to consider the limitations and constraints of those directly impacted by 

HIV, including reduced ability to work and lowered rates school enrollment, and to tailor aid 

programs to better reach these populations (UNICEF, 2009). IFPRI also advocates for longer-

term solutions including agricultural extension programs and suggestions for improving access to 

credit and finance for the poorest segments of the population, to combat famine in Southern 

Africa (IFPRI, 2002). Policy makers must incorporate both the immediate needs and long-term 

structural and human capacity building into any strategy designed to alleviate childhood 

malnutrition. 

Overall what studies exist on the interactions of HIV and household food security tend to 

focus both on more vulnerable populations, namely orphans and HIV positive children, and 

utilize a definition of food security that does not get to the heart of child malnutrition. This paper 

aims to fill some of these gaps in the literature by using more accurate malnutrition indicators to 

examine the relationship of maternal HIV status with the relatively unexamined population of 

dependent children still living at home. 

 

 

 

 



 

10 

 

 CHAPTER 3. EMPIRICAL STRATEGY AND DATA DESCRIPTION 

 

Hypothesis 

This study will test the hypothesis that children of HIV positive mothers are more likely 

to experience malnutrition than children of HIV negative mothers. The indicators of malnutrition 

included in this paper are stunting, wasting, and underweight. Each indicator is measured 

differently and will be tested individually. The theory of new variant famine also indicates that 

parent HIV status may impact household food security in part due to decreased household labor 

shortages due to HIV-related morbidity and mortality and associated loss of assets, limiting 

household ability to produce or procure sufficient and appropriate nutrition. This hypothesis 

builds off preliminary results indicating that children of HIV positive parents may be more prone 

to certain types of malnutrition (Mishra, 2005), by going beyond the household level to examine 

what specific nutritional effects are experienced by the dependent children of HIV positive 

mothers. 

 

Data 

The data for this study come from The Measure DHS project- Kenya Demographic and 

Health Survey (DHS) 2008-2009. The Measure DHS project provides technical assistance to 

developing countries to advance global understanding of health and population trends in 

developing countries. It is primarily funded by USAID. 

The 2003 Kenya DHS was one of the first population-based, nationally representative 

surveys to link individual HIV test results in sample households with the full set of demographic 

and social indicators included in the survey. The 2009 update again links individual HIV test 
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results to an even wider array of demographic, behavior and social indicators, allowing for 

exploration of the relationship between mother‟s HIV status and dependent child nutritional 

outcomes. 

The 2009 Kenya DHS sampled 9,057 households and 8,444 women. Indicators on the 

condition of 20,832 children are included.  

 Table 2 shows the number of children, aged 0-60 months, who in 2009 presented with 

one or more of the three indicators of malnutrition observed in this paper. Stunting, wasting and 

being underweight are not mutually exclusive and children can and do show up in multiple 

categories, with 27.3 percent of children considered stunted, 18.7 percent of children presenting 

as underweight and 7.0 percent of children exhibiting symptoms of wasting. 

Table 2. Number and Percent of Children Aged 0-60 Months 

Stunted, Underweight and Wasted; Kenya 2009 

Characteristic Total Observations Percent  

Not Stunted 15144 73.7 

Stunted 5688 27.3 

     

Not Underweight 16944 81.3 

Underweight 3888 18.7 

     

Not Wasted 19368 93.0 

Wasted 1464 7.0 

Source: DHS Kenya, 2009  

 

 In order to more clearly identify the relationship between maternal HIV and nutritional 

status of dependent children, the remainder of this paper uses a subsample of the DHS survey 

that only includes those children aged 0-60 months who live at home with mothers who were 

alive at the time of the survey, and who consented to HIV testing. These restrictions limit the 

observed sample to 2275 children. Table 3 displays prevalence of stunting, underweight and 
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wasting of children aged 0-60 months in this subsample by a variety of the variables that may be 

associated with child nutritional outcomes. The results show that malnutrition indicators were 

not higher for children of HIV positive mothers when other factors were not controlled for.  

 
Table 3. Percent of Stunted, Underweight and Wasted Children Aged 0-60 Months by Parent, Child and 
Household Characteristics; Kenya, 2009  

Characteristic Total Observations Percent Stunted Percent Underweight Percent Wasted 

Mother's HIV Status 
   

  

Children of HIV- Mothers 2101 28.8 19.6 7.1 

Children of HIV+ Mothers 174 25.3 16.7 5.2 

  
   

  

Mother's Education Level 
   

  

No Education 426 33.6 27.9 13.8 

Incomplete Primary 710 33.7 23 5.2 

Complete Primary 583 28.1 17.7 6 

Incomplete Secondary 204 20.1 15.2 4.4 

Complete Secondary 238 18.5 7.1 4.2 

  
   

  

Child Age in Months 
   

  

0-12 544 17.5 10.8 5.9 

13-24 460 38.3 20.7 6.5 

25-36 443 28 21.2 6.3 

37-48 458 29.7 21.8 9.2 

49-60 370 32.2 25.1 7.3 

Child Sex 
   

  

Female 1066 27.4 18.9 6.8 

Male 1209 29.6 19.8 7.2 

  
   

  

Family Structure 
   

  

Husband Lives Elsewhere 457 29.5 22.1 9.8 

Husband Lives at Home 1512 28.7 18.1 6.2 

  
   

  

Household Wealth Quintile 
   

  

Poorest 657 35.2 28 8.8 

Poor 435 32.4 18.2 6 

Middle 366 24 19.4 6 

Richer 384 23.2 15.9 7.8 

Richest 433 23.3 10.6 5.3 
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Table 3. Percent of Stunted, Underweight and Wasted Children Aged 0-60 Months by Parent, Child  
and Household Characteristics; Kenya, 2009, con’t 

Characteristic Total Observations Percent Stunted Percent Underweight Percent Wasted 

Residence 
   

  

Rural 1786 29.3 21.5 7 

Urban 489 25.6 11.7 7 

  
   

  

Region 
   

  

Nairobi 147 23.1 8.8 5.4 

Central 193 24.4 19.2 4.7 

Coast 344 32.6 24.4 14 

Eastern 289 27 22.8 8 

Nyanza 430 27.2 15.1 3.3 

Rift Valley 404 32.4 22.3 5.9 

Western 315 22.5 13.3 2.5 

Northeastern 153 39.2 28.8 16.3 

Source: DHS Kenya, 2009 

 

As the table indicates 29.6 percent of all male children and 27.4 percent of all female children 

aged 0-60 months are considered stunted. It is clear that stunting, underweight and wasting show 

considerable variation across region and wealth quintile and by mother‟s education level. 

However, it is not immediately clear whether mother‟s HIV status affects nutritional outcomes. 

This varies somewhat from the 2005 findings presented in Mishra‟s (2005) paper on nutritional 

and educational outcomes for orphans in Kenya, and will be further explored. 

 A weakness in the data which may bias child nutritional results, is that is does not 

account for child‟s HIV status. HIV/AIDS can make it hard for children to properly absorb 

nutrients, and children are often significantly underweight as a result. It is extremely difficult to 

disentangle the effects from the disease itself from outside factors that may affect nutritional 

outcomes. It stands to reason that some children with HIV positive mothers are also HIV 
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positive, and thus may be negatively weighting the sample. Another issue is survivor bias. 

Children of HIV positive mothers have higher mortality rates than children of HIV negative 

mothers (Mishra, 2005). Surviving children may have unobservable traits that may bias the 

results. 

 

Methodology 

 

This study will examine the relationship between maternal HIV status and dependent 

children‟s nutritional outcomes using three OLS models with a unique dependent variable for 

each of the malnutrition indicators: dependent child weight for height ratio (indicator for 

wasting); dependent child height for age ratio (indicator for stunting); dependent child weight for 

age ratio (indicator for underweight) and Positive Maternal HIV Status as the common variable 

of interest. Based on the literature, these models will control for factors known to influence the 

likelihood that a child will exhibit indications of malnutrition including household wealth, 

mother‟s education, region and urban residence. The models used in this paper are largely 

informed by the work done by Vinod Mishra, et al (2005). However, the primary focus will be 

children still living with an HIV positive mother, rather than orphaned or fostered children, and 

thus include several household, maternal and child level variables not included in previous 

studies. These factors include: age and sex of child, size of child at birth, mother‟s Body Mass 

Index (BMI) and family structure.  
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Exhibit 1. Models and Definition of Variables 

 

Y=β0+ β1HIVResult+ β2Childage+ β3FemaleChild+ β4Birthsize+ β5MotherBirthAge+ β6MotherEduc+ 

β7MotherBMI+ β8FemaleHH+ β9Nuclear+ β10Wealth+ β11UrbanResid+ β12Region+ ε  

 

Where: 

 Y=(1) Stunted; (2) Underweight; (3) Wasted 

 

Regression 1: Stunted. Continuous variable for Child (0-60 Months) Height for Age Ratio  

 

Regression 2: Underweight. Continuous variable for Child (0-60 Months) Weight for Age Ratio 

 

Regression 3: Wasted. Continuous variable for Child (0-60 Months) Weight for Height Ratio 

 

X1=Mother_HIV+ 

Mother HIV Status (Positive=1/Negative=0) 

X2=MotherBMI 

BMI of Mother 

X3=Nuclear 

Family Structure (Nuclear: Mother and Father at home=1/ Non-Nuclear: Absence of one or both parents=0) 

X4=UrbanResid 

Current Residence (Urban=1/Rural=0) 

X5=Male Child 

Sex of Child (Male=1/Female=0) 

X6=Diarrhea 

Child Has Experienced Diarrhea in the past 2 weeks (Yes=1/No=0) 

X7=VitaminA 

Child has Ever Received Vitamin A Supplement (Yes=1/No=0) 

X8=Region 

Region of residence of respondent 

X9=BirthSize 

Size of Child at Birth  

X10=MotherEduc 

Highest Level of Education Mother Attained  

X11=Wealth 

Wealth Quintile 

X12=ChildAge 

Age of Child in Years (0-5 Years) 

X13=HIV_Educ 

Interaction term for Mother‟s HIV Status and Education Level 

ε = Unexplained Variance, Error Term 

β0= Y intercept 

β1, β2 ,  β3,  β4,  β5,  β6,  β7,  β8,  β9, β10,  β11,  β12, β13 =Coefficients of respective independent variables: partial slope 

coefficients 

 

Source of Variables: All Variables from Demographic and Health Surveys, Kenya 

2008-09 
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Exhibit 2 contains more information about the variables in the model.  The „Definition‟ 

column indicates variable type (e.g. dummy, continuous, or categorical).  The „Predicted Sign‟ 

column shows the predicted relationship for each independent variable on the dependent 

variables; these predictions are based on existing theory and literature, referenced in the 

„Justification‟ column.  

 

 

Exhibit 2. Variable Relationships 

   

Variable  Definition Variable Name Expected Sign Justification 

Dependent Variable         

Y1 Continuous Variable Indicating Child's Height for Age Ratio Stunted N/A Mishra, 2005 

Y2 Continuous Variable Indicating Child's Weight for Age Underweight N/A Mishra, 2005 

Y3 Continuous Variable Indicating Child's Weight for Height Wasted N/A Mishra, 2005 

Independent Variable         

X1 Dummy Indicating Maternal HIV Positive  Status HIVPos Negative Mishra, 2005 

X2 Continuous Variable Indicating Mother's BMI MotherBMI Positive Mishra, 2005 

X3 Dummy Indicating Family Type Nuclear Positive Mishra, 2005 

X4 Dummy Indicating Residence (Urban/Rural) UrbanResid Negative Mishra, 2005 

X5 Dummy Indicating Child's Sex MaleChild Negative Mishra, 2005 

X6 Dummy Indicating Child Has Experienced Diarrhea in the Past 

2 Weeks 

Diarrhea Negative Mishra, 2005 

X7 Dummy Indicating Child Had Ever Received Vitamin A 

Supplement 

VitaminA Positive Mishra, 2005 

X8 Categorical Variable Indicating Region Region Negative Mishra, 2005 

X9 Ordinal Variable Indicating Size of Child at Birth BirthSize Positive Mishra, 2005 

X10 Ordinal Variable Indicating Highest Level of Education 

Achieved by Mother 

MotherEduc Positive Mishra, 2005 

X11 Ordinal Variable Indicating Household Wealth Index (Quintile) Wealth Positive Mishra, 2005 

X12 Ordinal Variable Indicating Child's Age (0-5, in 12 month 

blocks) 
ChildAge Negative Mishra, 2005 

X13 Interaction Term for Mother's Education Level and HIV Status HIV_Educ Positive Mishra, 2005 
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Chapter 4. Analysis 

 

In Kenya in 2009, 29.7 percent of all children were considered stunted, 18.7 percent were 

underweight and 7 percent were wasted. Table 4 shows that children in the sample population 

had a similar rate of malnutrition, 

with 28.6 percent of children 

considered stunted, 19.4 percent 

were underweight, and 7 percent 

were wasted. The differences 

between the sample population and 

the overall population are not 

statistically significant. 

 Since each indicator of malnutrition is measured as below minus two standard deviations 

from a median, Table 5 shows the median points for the sample population for each of the three 

indicators relative to the NCHS reference population, the standard deviation, and at what value a 

child is considered stunted, underweight or wasted. 

 
Table 5: Population Definitions for Stunted, Underweight and Wasted for Kenyan Children aged 0-60 Months 

Relative to NCHS Reference Population Standard 

Indicator Sample Population Median Standard Deviation Cut-off Point 

Stunted (Height for Age) -1.1 1.6 -3.1 

Underweight (Weight for Age) -1.0 1.5 -2.7 

Wasted (Weight for Height) -0.3 1.3 -2.5 

Source: DHS Kenya, 2009   

 

The average child in Kenya in 2009 was already 1.1 standard deviations below the NCHS 

reference population of children height for age ratio, 1.0 standard deviation below the reference 

Table 4. Percent Stunted, Underweight and Wasted Children Aged 0- 60  

Months in Sample Population; Kenya, 2009 

Characteristic Total Observations Percent 

Not Stunted 1625 71.4 

Stunted 650 28.6 

    

Not Underweight 1834 80.6 

Underweight 441 19.4 

    

Not Wasted 2116 93.0 

Wasted 159 7.0 

Source: DHS Kenya, 2009  
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population weight for age ratio, and 0.2 standard deviations below the reference population for 

weight for height ratio. 

 

Regression Results 

Table 6 presents the results of regression analysis for all three nutrition indicators, 

controlling for a variety of maternal, child and household factors
a
. The model indicates that 

maternal HIV positive status is associated with a statistically significant decrease by almost one 

complete standard deviation in weight for age (Underweight) and weight for height ratios 

(Wasted) amongst dependent children compared to children of HIV negative mothers. These 

effects are significant at the .01 level for likelihood of a child being underweight, and at the .05 

level for likelihood of a child being wasted. These results support the hypothesis that children of 

HIV positive mothers have increased risk for at least two indicators of malnutrition, being 

underweight and/or wasted. The relationship between positive maternal HIV status and height 

for age ratio (Stunting) is also negative but falls just above the .10 level, and is therefore only 

marginally significant. All three results are in line with previous literature (Mishra, 2005). 

Stunting generally occurs before the age of two, and is an indicator of chronic or long-term 

insufficient nutrient intake, whereas wasting reflects a recent process that has led to substantial 

weight loss, usually associated with starvation and/or disease. The relatively weak correlation 

between positive maternal HIV status and stunting may indicate that mothers were either HIV 

                                                 
a
 Diagnostic tests are included in the Appendix. Multicolliniarity was tested for and ruled out using pairwise 

correlation (Appendix A) and Variable Inflation Factor (Appendix B). Appropriateness of model specification was 

tested and found no errors of misspecification or omitted non-linear variables (Appendix C and D). 

Homoscedasticity was tested using White‟s Test and corrected by included robust standard errors. Scatterplots of 

residuals and fitted values (estimated mean value of the dependent variable) demonstrate homoskedasticity 

(Appendix E). 
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negative or asymptomatic for some of the child‟s life, and were therefore more able to provide 

adequate food. Stronger associations with underweight and wasted indicators may reflect earlier 

advancement of the disease. 

Table 6. OLS Regression Estimates of the Relationship of Maternal HIV Status on Dependent Child 

Likelihood of Malnutrition; Kenya 2009 

  
Height/Age Ratio 

(Stunted) 

Weight/Age Ratio 

(Underweight) 

Weight/Height Ratio 

(Wasted) 

Mother is HIV Positive -0.56 -0.97 -0.91 

  (-1.64) (-2.85)*** (-2.57)** 

Mother's BMI 0.02 0.03 0.02 

  (1.95)* (2.69)*** (2.29)** 

Nuclear Family -0.07 0.01 0.07 

  (-0.72) (0.13) (0.87) 

Urban Residence 0.16 0.08 -0.06 

  (1.09) (0.66) (-0.49) 

Child Is Male -0.23 -0.12 -0.04 

  (-2.77)*** (-1.73)* (-0.66) 

Child had Diarrhea in Last Fortnight -0.05 -0.47 -0.52 

  (-0.53) (-5.75)*** (-6.46)*** 

Child Ever Received Vitamin A  0.03 -0.02 -0.05 

  (0.68) (-0.79) (-2.7)*** 

Region 
   

Central -0.04 0.3 0.31 

  (-0.15) (1.62) (1.67)* 

Coast 0.3 0.25 0.01 

  (1.58) (1.66)* (0.1) 

Eastern 0.19 0.36 0.26 

  (0.86) (2.08)** (1.54) 

Nyanza 0.53 0.71 0.38 

  (2.55)** (4.40)*** (2.42)** 

Rift Valley 0.34 0.38 0.15 

  (1.62) (2.32)** (0.98) 

Western 0.53 0.75 0.41 

  (2.52)** (4.57)*** (2.68)*** 

Northeastern 0.47 0.58 0.19 

  (1.76)* (2.63)*** (0.89) 
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Table 6. OLS Regression Estimates of the Relationship of Maternal HIV Status on Dependent Child 

Likelihood of Malnutrition; Kenya 2009, con’t 

  
Height/Age Ratio 

(Stunted) 

Weight/Age Ratio 

(Underweight) 

Weight/Height Ratio 

(Wasted) 

Size of Child At Birth 
  

Larger Than Average 0.07 0.01 -0.02 

  (0.39) (0.06) (-0.17) 

Average 0.17 -0.05 -0.17 

  (0.98) (-0.39) (-1.25) 

Smaller Than Average -0.36 -0.49 -0.3 

  (-1.91)* (-3.26)*** (-1.94)* 

Very Small -1.05 -0.88 -0.25 

  (-3.83)*** (-4.44)*** (-1.15) 

Don't Know 0.17 -0.84 -1.1 

  (0.55) (-3.76)*** (-3.37)*** 

Mother's Education Level 
 

Incomplete Primary -0.35 -0.29 -0.08 

  (-2.68)*** (-2.78)*** (-0.78) 

Complete Primary -0.2 -0.09 0.08 

  (-1.47) (-0.85) (0.68) 

Incomplete Secondary 0.03 -0.02 0.01 

  (0.14) (-0.12) (0.07) 

Complete Secondary 0.13 0.09 0.02 

  (0.81) (0.71) (0.12) 

Higher 0.26 0.16 0.12 

  (1.11) (0.82) (0.6) 

Household Wealth Quintile 
 

Poorer 0.02 0.27 0.37 

  (0.14) (2.8)*** (3.66)*** 

Middle 0.47 0.26 -0.08 

  (3.30)*** (2.16)** (-0.82) 

Richer 0.12 0.2 0.16 

  (0.94) (1.67)* (1.37) 

Richest 0.35 0.56 0.42 

  (1.83)* (3.60)*** (2.73)*** 
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Table 6. OLS Regression Estimates of the Relationship of Maternal HIV Status on Dependent Child 

Likelihood of Malnutrition; Kenya 2009, con’t 

  
Height/Age 

Ratio (Stunted) 

Weight/Age Ratio 

(Underweight) 

Weight/Height 

Ratio (Wasted) 

Age of Child in Months 
   

13-24 -0.94 -0.82 -0.39 

  (-7.73)*** (-8.05)*** (-3.99)*** 

25-36 -0.62 -0.56 -0.21 

  (-5.06)*** (-5.15)*** (-2.11)** 

37-48 -0.64 -0.76 -0.45 

  (-5.2)*** (-7.66)*** (-4.50)*** 

49-60 -0.81 -0.72 -0.32 

  (-6.39)*** (-6.71)*** (-3.27)*** 

  

   Interaction of HIV Status and Mother's 

Education Level 

Incomplete Primary 0.37 1.28 1.55 

  (0.84) (3.06)*** (3.75)*** 

Complete Primary 0.75 0.89 0.69 

  (1.73)* (2.13)** (1.61) 

Incomplete Secondary 0.2 0.59 0.73 

  (0.48) (1.49) (1.72)* 

Complete Secondary 0.92 2.17 2.14 

  (1.85)* (4.91)*** (4.90)*** 

Higher 0.67 1.59 1.7 

  (0.76) (3.05)*** (3.36)*** 

Constant -1.05 -1.22 -0.55 

  (-3.15)*** (-3.93)*** (-1.93)* 

  
   

Observations 2275 2275 2275 

R-squared 0.12 0.18 0.13 

F-Statistic 7.23 13.04 6.74 

   

 

Note: Numbers in Parenthesis are Robust T Statistics 
 

  

Robust t statistic: *** p<0.01; ** p<0.05; *p<0.1 

Source: DHS Kenya, 2009 
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Maternal Characteristics 

Of the other maternal variables included in the model an increase in mother‟s BMI is 

positively associated with an increase in child nutrition levels, as is an increase in mother‟s 

education levels. Mothers with no education or incomplete primary education, however, are 

correlated with statistically significant increases in likelihood of dependent children being 

stunted and underweight at the .01 level. However, an interaction term that allows for 

educational attainment to be influenced by mother‟s HIV status shows that HIV can also 

adversely influence children‟s health through lowering mother‟s educational level. Unlike many 

other countries, in Kenya HIV rates are higher in wealthier classes, which often also benefit from 

increased education. The combination of wealth and education may provide mothers with 

resources that allow them to offset the negative impacts of maternal HIV on child malnutrition. 

However, an examination of these combinations through interaction terms between HIV status 

and wealth and education and wealth was ultimately not included in the final regression model 

due to their lack of influence. 

 

Household Characteristics 

Contrary to previous studies (Mishra, 2005, UNSCN, 2011), children in urban 

environments and children with both parents at home were not found to be statistically more 

likely to be better nourished than children in rural areas or in single-parent households. 

Household wealth uses the families in the poorest quintile as the reference category. It is 

therefore unsurprising that every increase in wealth above that quintile is associated with 

increased improvement in nutritional outcomes. Somewhat surprising, however, is the relatively 
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small magnitude of the effect of wealth on nutritional outcomes for even the wealthiest quintile. 

Interestingly, provinces with higher rates of HIV infection i.e. Nyanza, Northeastern and 

Western provinces, are associated with statistically significant improvement in all child nutrition 

indicators. It is possible that these regions have benefited from increased aid that either provides 

food directly to affected families or frees up resources through provision of subsidized anti-

retroviral drugs or other necessities that allow family to supplement their food budgets. Though 

beyond the scope of this paper, these results indicate a need for further research. 

 

Child Characteristics 

Variable „ChildAge‟ uses children aged 0-12 months as the reference category. Every 

year past that age is associated with a statistically significant decrease in nutritional health; that 

is, as the child ages there is an increased likelihood of stunting, underweight and wasting. All 

results are statistically significant and in line with previous studies by Mishra (2005) and Bailey 

(1999). They indicate that malnourishment is often cumulative and also suggests that families are 

unable to change their ability to provide adequate nourishment to their children over time. As 

expected, children who were smaller than average at birth are also statistically more likely than 

their peers to later be stunted, underweight or wasted. Male children are slightly, but statistically 

significantly, more likely to be stunted or underweight than female children, consistent with 

studies conducted by UNSCN (2010), Mishra (2005) and Bailey (1999). This model controls for 

whether a child has had diarrhea in the past two weeks, as previous studies indicate this can be 

either a symptom of poor nutrition, or conversely in the case of wasting, the cause, if it is 

associated with other diseases. There is a strong statistically significant correlation with diarrhea 
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and likelihood of being underweight and wasted, though not stunted, as expected. Finally, a child 

ever receiving a Vitamin A supplement was strongly correlated with an increased likelihood of a 

child being wasted. It was expected that parents who prioritized ensuring their children received 

Vitamin A, would prioritize the health of their children in other ways, and would be more likely 

to have healthier, well-nourished children. However, the negative relationship between 

nutritional outcomes and receiving Vitamin A supplements may in fact highlight an instance of 

adverse selection, where parents who are most unable to provide for their children are more 

likely to seek out external aid. 

It is important to note that though the regression results do indicate a correlation between 

maternal HIV and the likelihood that dependent children are underweight or wasted, this model 

only accounts for between 12 and 18 percent in the variance of child nutritional outcomes, 

indicating that there is still much we do not understand about what factors and determinants 

increase the risk of childhood malnutrition. 

  

CHAPTER 5. POLICY IMPLICATIONS AND RECOMMENDATIONS 

In recent years, the Government of Kenya (GOK) has prioritized both HIV/AIDS and 

nutrition in the national health strategy. The critical importance of addressing childhood 

malnutrition is widely acknowledged, and several national programs including promotion of 

breastfeeding and school feeding programs have had measurable impact on improving nutritional 

outcomes for children on average (DHS, 2010). However, it is clear by the increased likelihood 

of wasting and of being underweight amongst dependent children of HIV positive mothers that 

what programmatic interventions are in place are not adequately reaching or assisting these 
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children, perhaps in part because they fail to take into consideration their unique circumstances. 

Beyond meeting the immediate needs of this population, the relationship between maternal HIV 

and childhood malnutrition also has potentially dire long-term implications. Though the overall 

incidence of HIV infection in the Kenyan population seems to be stabilizing around 6.7 percent, 

most new infections happen amongst women aged 15-24, with 12.4-18.7 percent of women in 

this cohort estimated to be living with HIV/AIDS. These high-risk years for HIV infection also 

correspond closely to the peak fertility years of 20-24, indicating that maternal HIV related 

childhood malnutrition will continue to be problem in Kenya for the foreseeable future (Kaiser, 

2005). This poses a significant threat to Kenyan development, and has specific consequences for 

food security. De Waal‟s new variant famine hypothesis notes the vicious interactions between 

malnutrition and HIV (2005).  Both HIV/AIDS and the effects of childhood malnutrition are 

associated with the loss of economic, social, and physical capital. In turn, each contributes to 

household labor shortages and the loss of assets and skills, limiting the ability of households to 

cope with food and other price shocks, increasing household food insecurity and potential of 

malnutrition. The relationship between maternal HIV and dependent children malnutrition is not 

just a symptom or consequences of new variant famine it is a contributing factor. 

The inability of this population to cope with food shocks and the increased frequency of 

periods of food insecurity forecasted by both new variant famine theory and wave theory is 

particularly troubling. During the current food crisis in the Horn of Africa some districts in 

Kenya reported that up to 37 percent of children were malnourished, well above the 15 percent 

child malnutrition rates the World Food Programme uses to define „crisis‟ level (World Relief, 

2011). While all children are vulnerable in a food crisis, it seems possible and even likely that 
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those with HIV positive mothers may be at even greater risk of significant malnutrition, 

starvation or death, given their increased likelihood to have already been malnourished. 

The GOK is proactive and committed to providing both HIV/AIDS care and nutrition 

services to its citizens. Kenya is also one of the largest beneficiaries of overseas development 

assistance and foreign aid earmarked specifically for health and HIV/AIDS interventions (DHS, 

2010). Because programming is not constrained by either political will or extremely limited 

resources, the increased likelihood of being underweight or wasted among dependent children of 

HIV positive mothers likely reflects inefficiencies in targeting or lack of programmatic 

effectiveness. In the immediate to short-term, policy makers should focus on increasing access 

and availability of services, and on ensuring that interventions are designed to meet the specific 

and often unique needs of this group. Addressing the many underlying determinants of child 

malnutrition, including food insecurity and poverty, is necessary for any strategy aimed at long 

term alleviation of child malnutrition.   

The following recommendations for policy makers are informed by evidenced-based 

interventions that are appropriate for Kenya‟s resources, capacity and goals, and have been 

successfully shown to improve nutritional outcomes for children.  

 

Methods to Improve Targeting 

Integration of Health Facilities and Services. In the 2007-2010 Kenyan Nutrition and 

HIV Strategy the GOK defined targets to provide nutritional services to all Antiretroviral 

Therapy (ART) centers (Kenya Ministry of Medical Services, 2008). While this is a step in the 

right direction, the stigma still associated with HIV stops many HIV positive pregnant women 
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from accessing these facilities and these services, increasing the risk of both mother-to-child HIV 

transmission and the likelihood of low birth size and weight for delivered children. (UNICEF, 

2009). Rather, HIV and nutrition services should be integrated into maternal and child health 

care facilities, which increase women‟s privacy and decreases the opportunity costs associated 

with visiting multiple health care facilities. This approach has been successfully utilized in the 

Western Province of Kenya and has resulted in increased uptake of use for all services provided. 

Scaling this program nationwide is a relatively low cost intervention with massive potential for 

increased nutritional and health outcomes for both mother and child (IRIN, 2011). 

The integration of HIV, maternal health care, and nutrition services should naturally 

follow integration of health facilities. This increases the ability of heath workers to reach HIV 

positive women before, during and after their pregnancies. Improving the overall health and 

nutritional status of women is an important component in reducing childhood malnutrition. Low 

maternal BMI and low birth size were both found in this study to be associated with increased 

risk of malnutrition in children. Increasing birth size requires improving the health of the mother, 

particularly for HIV positive women who are especially vulnerable due to the increased 

nutritional needs associated with HIV infection. Providing nutritional counseling and 

supplemental food during routine ART or pre-natal appointments incentivizes women to make 

and keep these appointments. These same appointments also serve as an excellent way to 

identify and target women and children most in need of nutritional support (Owour 2009; Rawe 

2012). 

Community-Based Approaches. A growing number of countries and international relief 

organizations have adopted community-based models for the management and treatment of child 
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malnutrition. These initiatives encourage communities to identify severely undernourished 

children before they necessitate inpatient care, using a simple and virtually free test of measuring 

a child‟s upper arm circumference, a strong predictor of acute malnourishment (wasting). 

(Collins, 2006). Children with severe acute malnutrition can then be treated at home using ready-

to-use therapeutic food supplements. This decentralized, outpatient approach to managing child 

malnutrition eliminates many of the barriers that prevent women from seeking timely medical 

attention for children exhibiting symptoms of wasting, including poverty, exclusion from health 

and education services and limited mobility, all of which are exacerbated for many HIV positive 

women. These programs minimize costs to both patient and provider and maximize participation  

(UNICEF, 2009). 

 

Increasing the Effectiveness of Child Nutrition Programs for Dependent Children of HIV 

Positive Mothers 

Counseling on Breast Feeding and Utilization of HAART Drugs to Prevent Mother to 

Child Transmission. The World Health Organization explicitly recommends breastfeeding, both 

for its superior nutritional value, and as an effective method of reducing the risk of childhood 

morbidity and promoting child survival and maternal health through child spacing. This message 

has also been widely promoted by the GOK. However HIV positive mothers must weigh these 

benefits against the risk of HIV transmission through breastfeeding, which can be as high as a 20 

percent mother to child transmission rate (UNAIDS, 2007).  UNAIDS and the WHO both stress 

that the woman‟s individual circumstances, including her health, the health services available 

and amount of support she is likely to receive, should dictate the most appropriate option for 
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infant feeding. Women should be provided with appropriate counseling that includes information 

on the risks and benefits of different feeding methods, and on how to limit risk of transmission 

should they choose to breastfeed. Access to supplemental and therapeutic formula should be 

increased for women who are unable or unwilling to breastfeed. Additionally a growing body of 

evidence also suggests that giving pregnant women and new mothers Highly Active Anti-

Retroviral Treatment (HAART), even if not necessary for mother‟s health based on CD4 county, 

can significantly reduce mother to child transmission through breast milk (WHO, 2012). 

Expanding access to these drugs and increased research into prevention of mother to child 

transmission is warranted and should be facilitated by the Government of Kenya or through their 

international partners including PEPFAR and the Global Fund. 

Improve Food Supplements for Direct Nutrition Interventions. It is important that when 

children do receive direct food aid, that they are receiving the right kind of food. Micronutrient 

malnutrition, often characterized by stunting and wasting, is more widespread than protein-

energy malnutrition, or rather, inefficient kcal consumption. Current foreign food aid restrictions 

often incentivize donor countries to provide less nutritious bulk grains and cereals, even though 

the benefits of micronutrient-enriched products are widely acknowledged (Gaus, 2011). The 

GOK should prioritize sourcing and providing ready to use therapeutic food (RUTF), particularly 

for those exhibiting signs of acute malnutrition RUTF is an energy dense, nutrient enriched oil-

based paste that is more appropriate and extremely effective in treating acute malnutrition 

compared more traditional cereals or the water-based F100 supplement previously recommend 

by the WHO. It also does not grow bacteria, allowing it to be kept unrefrigerated in cheap 
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packaging for several months. Most importantly, RUTF “can be made from local crops with 

basic technology that is readily available in developing countries” (Collins).  

 

Interventions for Long Term Alleviation   

Improve Food Security. Relying on foreign food aid is not sustainable or desirable. 

Stabilizing food security in Kenya, through building capacity, increasing agricultural 

productivity and through research and development of fortified crops, is imperative. This will 

require a whole of government, multi-sectoral approach to address issues ranging from climate 

change to trade policies and to further understand the role HIV plays in the loss of agriculture 

productivity.   

In the short to midterm, however, expanding access for women to agricultural extension 

programs has shown a positive impact on improving food security at the household level. 

Agricultural extension programs that train both small scale and commercial farmers in how to 

utilize new technology and information to increase yields and diversify crops have proven very 

successful in Kenya. These programs function to both increase income through selling surplus 

crops, and improve nutrition outcomes for families by expanding access to a wider arranged 

food-stuffs. However, despite being responsible for nearly 80 percent of small-scale domestic 

farming, women have largely been shut out of these training programs. Expanding access to 

credit for women has also been shown to improve overall nutritional outcomes for families. 

(IFPRI, 2002).  

Improving the micronutrient value of crops in an important step in increasing dietary 

quantity and quality, and reducing childhood malnutrition. Investment in agricultural research to 
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develop and improve biofortified and drought resistant crops has been shown to be some of the 

most cost effective interventions in decreasing hunger and poverty. Biofortification increases the 

micronutrients in staple crops, which more directly targets the nutrient-poor, rather than energy-

calorie deficient, malnutrition experienced by children in Kenya. While development of 

biofortified crops is not a short-term investment, immediate government aid in the form of seed 

subsidies for naturally drought resistant crops including sorghum, cowpeas, green gram, pigeon 

peas and millet, is a cost efficient and effective method of improving household food security 

and diet diversity (Alderman, 2004). 

Increase Women’s Educational Attainment. The findings of this paper indicate that 

maternal HIV/AIDS is associated with decreased nutritional health for dependent children. 

However, this is just one of many determinants that affect nutritional outcomes for children, 

many of which are associated with poverty. One of the most promising methods to reduce 

household poverty is increasing women‟s access to and attainment of education. The findings of 

this study, like many before (Mishra, 2005; UNICEF, 2009), draw a strong correlation between 

increased education of mothers and improved household nutritional status. Increasing female 

education is also linked with lower rates of HIV infection, increased economic security and 

lowered rates of maternal and child morbidity and mortality (UNICEF, 2009). The GOK and its 

international partners should prioritize identifying and addressing reasons for lowered female 

academic achievement as crucial aspect of any poverty and malnutrition reduction plan. 
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CHAPTER 6. CONCLUSION 

Malnutrition is one of the leading sources of child mortality in the developing world. 

Those that survive childhood malnutrition often suffer long-term or permanent effects including 

impaired cognitive and physical development, lowered economic productivity and decreased 

educational attainment, threatening human and economic capacity development on both the 

individual and aggregate scale. Furthermore, intergenerational effects of malnutrition are also 

observed; adults who were malnourished as children are more likely to have malnourished 

children of their own. However, malnutrition related mortality is easily prevented, if it can be 

identified and treated in time. Understanding the determinants and factors that make children 

more vulnerable to malnutrition is an important component in formulating the most appropriate 

policies and responses. This paper, through qualitative and quantitative analysis, has shown that 

maternal HIV is associated with an increased likelihood that dependent children will exhibit one 

or more indicators of malnutrition. These findings also suggest that that despite national 

HIV/AIDS and nutritional support programs, this population is still being underserved. With this 

understanding, policies and interventions must be developed to more effectively reach these 

populations. Understanding the linkages between maternal HIV and child malnutrition is also 

critical in context of the current food insecurity issues in Kenya, particularly as it indicates that 

they may be even more vulnerable than the general population due to their increased likelihood 

of already being wasted or underweight. Policy makers should focus on improving targeting 

methods and effectiveness of existing programs to better reach and serve HIV positive mothers 

and their children, in the immediate to mid-term. Long-term alleviation of child malnutrition will 

require addressing all the determinants that increase vulnerability, particularly ongoing food 
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insecurity and poverty. Though new variant famine theory may explain in part why children of 

HIV mothers are more likely to be malnourished, further quantitative and qualitative research is 

necessitated to more fully understand the phenomenon so that solutions that address specific 

challenges may be formulated.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

34 

 

APPENDIX 

APPENDIX A: CORRELATION MATRIX 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pairwise Correlation Between Independent Variables

hivpos motherbmi nuclear urban malechild diarrhea vitamina region birthsize mothereducwealth age hiv_educ

hivpos 1

motherbmi -0.0479 1

nuclear -0.0017 0.0416 1

urban 0.0804 0.1886 0.106 1

malechild -0.0037 0.0109 -0.0322 -0.0049 1

diarrhea 0.0224 -0.0271 0.009 -0.0428 0.0112 1

vitamina 0.018 0.0043 0.0059 0.0722 0.0032 0.0264 1

region -0.0024 -0.1131 -0.0122 -0.3781 0.0301 0.0306 -0.0487 1

birthsize -0.0086 -0.0651 -0.0145 -0.0033 -0.1139 0.0621 -0.0137 -0.0175 1

mothereduc 0.0293 0.2234 0.0553 0.3201 0.0609 -0.1443 0.0682 -0.3201 -0.06 1

wealth 0.0556 0.2489 0.0843 0.6368 0.0035 -0.105 0.0512 -0.4428 -0.0257 0.5467 1

age -0.0203 0.0212 -0.0054 -0.0327 -0.0425 -0.0584 0.0483 0.0114 0.0105 -0.0255 -0.0309 1

hiv_educ 0.797 -0.0083 -0.0128 0.1367 0.0138 0.0032 0.0949 -0.0531 -0.0144 0.1669 0.1211 -0.0127 1
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APPENDIX B: VARIABLE INFLATION FACTOR 

Variable Inflation Factor Test  

Variable VIF 1/VIF 

HIVPos 9.5 0.1 

MotherBMI 1.1 0.9 

Nuclear 1.1 0.9 

Urban 2.8 0.4 

MaleChild 1.1 1.0 

Diarrhea 1.1 0.9 

VitaminA 1.1 1.0 

Region   

Central 2.6 0.4 

Coast 3.5 0.3 

Eastern 3.6 0.3 

Nyanza 4.9 0.2 

Rift Valley 4.3 0.2 

Western 3.7 0.3 

Northeastern 3.4 0.3 

Birthsize   

Larger Than Average 5.6 0.2 

Average 6.8 0.2 

Smaller Than Average 3.9 0.3 

Very Small 1.8 0.6 

Don't Know 1.2 0.8 

MotherEduc   

Incomplete Primary 2.7 0.4 

Complete Primary 2.7 0.4 

Incomplete Secondary 1.9 0.5 

Complete Secondary 2.1 0.5 

Higher 1.8 0.6 

Wealth   

Poorer 1.5 0.7 

Middle 1.5 0.7 

Richer 1.8 0.6 

Richest 3.9 0.3 

ChildAge   

13-24 1.4 0.7 

25-36 1.5 0.7 

37-48 1.5 0.7 

49-60 1.4 0.7 

HIV_Educ   

Incomplete Primary 5.1 0.2 

Complete Primary 3.7 0.3 

Incomplete Secondary 1.4 0.7 

Complete Secondary 2.5 0.4 

Higher 1.6 0.6 
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APPENDIX C: LINK TEST MISSPECIFICATION TEST  

Linktest Test Misspecification Test Results 

  

Regression 

1 

Regression 

2 

Regression 

3 

  Stunted Underweight Wasted 

_hat 0.88 0.94 1.01 

  (4.94)*** (11.74)*** (14.22)*** 

_hatsq -0.06 -.04 -0.03 

  (-.71) (-.88) -0.4 

      

Observations 2275 2275 2275 

R Squared 0.12 0.19 0.13 

F-Statistic 0.00 0.00 0.00 

Note: Number in parenthesis is the robust t-statistic 

Robust t statistic: *** p<0.01; ** p<0.05; *p<0.1 

Stunted 

APPENDIX D:  RAMSEY TEST FOR OMITTED NON-LINEAR VARIABLES 

Omitted Variable Bias Test -Stunted 
  Ramsey RESET test using powers of the fitted values of stunted 

Ho:  model has no omitted variables 
 

  

F(3, 1483) =      

0.56 
  

  

Prob > F =      

0.6447       

     Omitted Variable Bias Test –Underweight 
 Ramsey RESET test using powers of the fitted values of underweight 

Ho:  model has no omitted variables 
 

  

F(3, 1483) =      

2.02 
  

  

Prob > F =      

0.1087       

     Omitted Variable Bias Test –Wasted 
  Ramsey RESET test using powers of the fitted values of wasted 

Ho:  model has no omitted variables 
 

  

F(3, 1483) =      

0.15 
  

  

Prob > F =      

0.9286       
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APPENDIX E: SCATTERPLOTS DEMONSTRATING HOMOSKEDASTICITY 

 
Scatterplot Showing Homoscedasticity for Stunted Regression 
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APPENDIX E, CON’T: HOMOSCEDASTIC SCATTERPLOTS  

 

Scatterplot Showing Homoscedasticity for Underweight Regression 

 
 
Scatterplot Showing Homoscedasticity for Wasted Regression 
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