
Distribution Agreement 

 

In presenting this thesis or dissertation as a partial fulfillment of the requirements for an advanced 

degree from Emory University, I hereby grant to Emory University and its agents the non-

exclusive license to archive, make accessible, and display my thesis or dissertation in whole or in 

part in all forms of media, now or hereafter known, including display on the world wide web.  I 

understand that I may select some access restrictions as part of the online submission of this 

thesis or dissertation.  I retain all ownership rights to the copyright of the thesis or dissertation.  I 

also retain the right to use in future works (such as articles or books) all or part of this thesis or 

dissertation. 

 

 

 

 

 

 

Signature: 

 

_____________________________   ______________ 

Samantha Dolan                   Date 

  



 
 

 

 

Malaria Prevention Measures and Household Characteristics of Children Living 

with Biological Parents Compared to Children Living with Non-Parent Guardians 

included in the 2009 Uganda Malaria Indicator Survey 

 

 

By 

 

Samantha Dolan 

Master of Public Health 

 

 

Global Epidemiology 

 

 

 

_________________________________________  

Kevin Sullivan, PhD, MPH, MHA 

Faculty Thesis Advisor 

 

 

_________________________________________  

Achuyt Bhattarai, MD, MPH 

Field Thesis Advisor 



 

 

 

 

Malaria Prevention Measures and Household Characteristics of Children Living 

with Biological Parents Compared to Children Living with Non-Parent Guardians 

included in the 2009 Uganda Malaria Indicator Survey 

 

 

By 

 

Samantha Dolan 

 

Bachelor of Arts 

Johns Hopkins University 

2010 

 

 

Faculty Thesis Advisor: Kevin Sullivan, PhD, MPH, MHA 

Field Thesis Advisor: Achuyt Bhattarai, MD, MPH 

 

An abstract of  

A thesis submitted to the Faculty of the  

Rollins School of Public Health of Emory University 

in partial fulfillment of the requirements for the degree of  

Master of Public Health 

in Global Epidemiology 

2012 

 



 

 

 

 

Abstract 

Malaria Prevention Measures and Household Characteristics of Children Living 

with Biological Parents Compared to Children Living with Non-Parent Guardians 

included in the 2009 Uganda Malaria Indicator Survey 

By Samantha Dolan 

Background: Uganda has more than 2.7 million orphans or children living with non-parent 

guardians (NPG) who may have limited access to malaria prevention measures compared to 

children living with their biological parents (BP).  

Methods: We analyzed weighted data from the 2009 Uganda Malaria Indicator Survey for 

malaria and prevention measures including blood smear readings, insecticide-treated net (ITN) 

ownership and use, and household characteristics for children under 5 years (under-fives) living 

with either NPG or BP. Two-sided Rao Scott Chi-square tests were used to compare categorical 

data and Wilcoxon rank sum tests were used for testing distribution differences between 

continuous variables.  

Results: Of 3933 under-fives, 707 (18%) were categorized as living with NPG during household 

surveys.  The median age and sex of the head of the household differed for each group; for 

children living with NPG the median age was 54 (47-63) years while for children living with BP 

it was 34 (28-40) years (p<.01), 46% of heads of households for children living with NPG were 

male, while for children living with BP, 82% were male (p<.01).  Of children living with NPG, 

76% lived in a home with an ITN compared to 80% of children living with BP (p=.33). Of those 

households with a bednet for sleeping, 42% (95% CI: 33-50) of children living with NPG versus 

25% (95% CI: 21-28) of children living with BP did not have any children sleep under the bednet 

the night before the survey (p<.01). Of children living with NPG, 45% (95% CI: 41-49) had a 

positive malaria blood smear, compared to 42% (95% CI: 40-44) of children living with BP 

(p=0.31). Adjusting for age, age and sex of the head of the household, wealth, and whether 

children slept under a bednet the night before the survey, the odds ratio of a positive malaria 

blood smear was over four times greater for children living with NPG than those living with BP 

(OR: 4.2, 95% CI: 1.8-9.7, p<.01). There were statistically significant interaction terms between 

guardianship and whether children slept under a bednet (p<.01) as well as age of the head of the 

household (p=.02).  

 

 

 

 

 



 

 

 

 

Malaria Prevention Measures and Household Characteristics of Children Living 

with Biological Parents Compared to Children Living with Non-Parent Guardians 

included in the 2009 Uganda Malaria Indicator Survey 

 

By 

 

Samantha Dolan 

 

Bachelor of Arts 

 Johns Hopkins University 

2012 

 

Faculty Thesis Advisor: Kevin Sullivan, PhD, MPH, MHA 

Field Thesis Advisor: Achuyt Bhattarai, MD, MPH 

 

 

 

A thesis submitted to the Faculty of the  

Rollins School of Public Health of Emory University 

in partial fulfillment of the requirements for the degree of  

Master of Public Health 

in Global Epidemiology 

2012  



 

 

 

Acknowledgements 

This research study would not have been accomplished without the support of my 

field thesis advisor Dr. Achuyt Bhattarai and my faculty thesis advisor Dr. Kevin 

Sullivan. I am very grateful for their guidance, mentoring, and expertise which allowed 

me to complete this project. I also want to acknowledge the other important contributors 

to this study, they include: Adam Wolkon, Dr. Carrie Nielsen, and Dr. Steve Yoon. This 

study was dependent on the thousands of Ugandans who participated in the Malaria 

Indicator Survey; I would like to thank them for their contribution to the survey as well as 

the work performed by the survey data collectors. Finally, I would like to thank my 

family and friends for their perpetual love and support throughout the research process; I 

am very grateful to have such wonderful people in my life and appreciate their 

encouragement while I pursue my passion for public health.   



 

 

 

Table of Contents 
Chapter I:  Background/Literature Review ...................................................................................... 1 

Malaria ......................................................................................................................................... 1 

Orphans and Vulnerable Children ............................................................................................... 4 

Malaria Indicator Survey, Uganda ............................................................................................... 5 

Chapter II:  Manuscript .................................................................................................................... 6 

Abstract ........................................................................................................................................ 7 

Introduction .................................................................................................................................. 9 

Methods ..................................................................................................................................... 10 

Survey Methods ..................................................................................................................... 10 

Analysis Methods................................................................................................................... 12 

IRB Approval ......................................................................................................................... 17 

Results ........................................................................................................................................ 17 

Discussion .................................................................................................................................. 21 

Strengths and Weaknesses ..................................................................................................... 23 

References .................................................................................................................................. 27 

Tables and Figures ..................................................................................................................... 30 

Chapter III: ..................................................................................................................................... 40 

Summary .................................................................................................................................... 40 

Public Health Implications ......................................................................................................... 41 

Possible Future Directions ......................................................................................................... 41 

Appendices ..................................................................................................................................... 43 

 

 

  



 

 

 

List of Tables and Figures 

Table 1. Demographic and Household Characteristics for Children living with Non-Parent 

Guardians (NPG) and Biological Parents Under 5 Years who are Usual Residents and Slept in the 

House the Night prior to the Survey 

Table 2. Malaria Prevention and Disease Indicators by Guardianship for Children under 5 Years 

who were Usual Residents and Slept in the House the Night before the Survey 

Table 3.Multivariable Logistic Regression Output for the Likelihood of a Child having a Positive 

Malaria Blood Smear for those Children under 5 Years who are Usual Residents and Slept in the 

Household Last Night 

Table 4. Multivariable Logistic Regression Output for the Likelihood of a Child having Anemia 

(<11.0 g/dl Hemoglobin) for those Children under 5 Years who are Usual Residents and Slept in 

the Household Last Night 

Table 5. Multivariable Logistic Regression Output for the Likelihood of Children Sleeping under 

a Bednet the Night before the Survey for those Children under 5 Years who are Usual Residents 

and Slept in the Household Last Night 

Figure 1.Flow Chart of Distribution of Observations by Questionnaire 

  



 

 

 

List of Appendices 

Appendix A: IRB Exemption 

Appendix B: Variable Interaction and Confounding Analysis Using Logistic Regression 

Appendix C: Additional Exploratory Analyses 

Appendix D: MIS Household Questionnaire 

Appendix E: MIS Woman’s Questionnaire 

  



 

 

 
 

Acronyms 

ACTs  Artemisinin-based combination therapy 

BP  Biological parents 

DALYs Disability adjusted life years 

IRS  Indoor residual spraying 

ITNs  Insecticide treated bednets 

LLINs  Long-lasting insecticidal nets 

MIS  Malaria Indicator Survey 

NPG  Non-parent guardians 

RDTs  Rapid diagnostic tests 

SSA  Sub-Saharan Africa 

UBOS  Uganda Bureau of Statistics 

UMSP  Uganda Malaria Surveillance Project 

USAID United States Agency for International Development 



1 

 

 
 

Chapter I:  Background/Literature Review 

 

Malaria 

 

Malaria is an infectious disease of humans and other animals caused by the 

parasites of the genus Plasmodium, which is transmitted by the bite of an infected female 

anopheles mosquitoes in tropical and subtropical regions of the world[1].  Four species of 

the Plasmodium parasite are responsible for most human cases of malaria in Africa: P. 

falciparum, P. vivax, P. ovale, and P. malariae. The global burden of malaria affects the 

nearly 3.3 billion individuals at risk for the disease in 109 different countries, the 

majority in sub-Saharan Africa (SSA) [2]. 

The P. falciparum species causes the most severe form of malaria, accounts for 

most malarial deaths, and is the dominate species in SSA[3, 4]. In 2010, the World 

Health Organization estimated that there were 174,000,000 cases of malaria in Africa and 

596,000 deaths[4]. P. falciparum infection can clinically manifest as an acute febrile 

illness and if untreated can rapidly progress to other severe and life threatening 

conditions such as cerebral malaria, respiratory distress, and severe anemia [5]. In areas 

with high and intense malaria transmission, such as SSA, young children, with 

inadequate immunity to malaria and pregnant women are the populations most vulnerable 

to acute illness and severe forms of the disease[6]. Persistent sub-clinical infections 

(parasitemia), particularly in children can lead to other ill-health outcomes (e.g. anemia) 

as well as cognitive impairments[7]. 

Malaria control is difficult, especially in SSA due to efficient vector mosquitoes 

responsible for transmitting the parasite, the high prevalence of the species of parasite 
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that is most deadly, climate favorable to transmission, poor public health infrastructure, 

and the high costs of effective control intervention[6]. Currently, the four most effective 

malaria control interventions are prompt and effective malaria case management with 

Artemisinin-based combination therapy (ACTs), increase in the distribution of insecticide 

treated bednets (ITNs), a rise in indoor residual spraying (IRS), and intermittent 

preventive treatment of malaria in pregnant women [8].  

Between 2000 and 2011, the burden of malaria has declined by 33% in the World 

Health Organization’s defined African region[9]. However millions still suffer despite the 

distribution of effective prevention methods and the use of highly effective drugs for 

treatment of malaria. Rapid declines in the burden of malaria in SSA (and globally) are 

challenged by emerging antimalarial drug resistance (artemisinins), insecticide resistance 

(pyrethreoids), treatment of unconfirmed cases, inability of public and government 

commitments to provide sustained support for drugs and prevention methods, and poor 

healthcare infrastructure [4].  

Malaria due to P. falciparum not only affects an individual’s health, but their 

livelihood, their family’s income, and contributes to government expenses. It has been 

estimated that the direct costs of malaria morbidity and mortality are at least US$ 12 

billion per year in Africa[10]. Around 35.4 million disability adjusted life years (DALYs) 

in sub-Saharan Africa are estimated to be due to the burden of malaria[11]. Individuals 

and their family members must pay for healthcare services, transportation to clinics, 

might lose work days, and have to pay funeral costs. Governments have to supply drugs, 

public health interventions, and health facilities[2]. 
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Uganda is one of the SSA countries most severely affected by the burden of 

malaria, with one-hundred percent of its population at risk for malaria infection[12]. 

Uganda, with a population of 35,600,000 people[12] and a life expectancy of 50 

years[13], has some of the highest transmission rates and has the third highest number of 

deaths attributed to malaria within Africa[14]. In 2007, there were around 12,700,000 

reported malaria cases and 47,000 deaths due to malaria[14]. For children under five 

years, malaria is responsible for almost half of inpatient deaths[12]. Mortality from 

malaria in children is estimated to be between 70,000 and 100,000 deaths annually[13]. 

In over 90% of Uganda, malaria transmission is stable and perennial, the 

remainder of the country has unstable transmission, particularly in the highland areas of 

the country[13]. Of the areas with stable transmission, 70% have very high transmission 

levels where individuals experience more than 100 infective bites per person per year. It 

has been approximated that an individual living in one of the higher transmission areas 

can receive up to 1,500 infectious bites per year[14]. There are two peaks in rainfall in 

the country, one from March to May and the other from September to December; malaria 

transmission peaks following the rainy seasons. P. falciparum accounts for approximately 

90 to 98% of diagnosed cases of malaria in Uganda and the parasite is predominantly 

transmitted by the Anopheles gambiae and A. funestus mosquito species. 

Through the country’s National Malaria Control Program, long-lasting 

insecticidal nets (LLINs), IRS, environmental management, malaria case management 

with ACTs, treatment and prevention during pregnancy, and early detection and response 

to epidemics have been implemented throughout the country[13]. IRS coverage is 

targeted in epidemic-prone areas and around 6 million LLINs have been distributed.  For 
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case management, ACTs replaced the less efficacious combination of chloroquine and 

sulphadoxine-pyremethamine.  

 

Orphans and Vulnerable Children 

 

In Uganda, close to 3 million children ages 0 to 17 were orphans as of 2009, 1.2 

million of them were orphaned due to HIV/AIDS[15].  In the early 1990s, the HIV 

epidemic in Uganda caused a rise in adult mortality; in the late 1990s, incidence of HIV 

began to stabilize and then decline, however orphan prevalence remained high[16]. Many 

of these children either live with their surviving parent, or become absorbed into the 

households of their extended families [17]. However, more recently, due to the increase 

in the number of orphans, and the weakening of the extended family’s ability to take care 

of additional children, there has been an increase in the number of child-headed 

households[18]. Orphans are typically taken into female-headed households and often by 

older relatives, mainly grandmothers[19].  

Orphans and children living with non-parent guardians (NPG) are often more 

vulnerable to poor health, economic loss, educational boundaries, and psychological 

issues; they face different challenges than those children living with their biological 

parents (BP)[16, 20-22].  Regarding education, they are less likely to be at the same 

educational level as non-orphans[16]. Studies have found inconsistent results concerning 

the differences in health indicators for orphans compared to biological children. One 

study from Kenya, found that the prevalence of fever, malaria parasitaemia, history of 

illness, hemoglobin levels, use of bednets, and height-for-age Z scores did not differ 

between orphans and non-orphans. Although this study did find that orphans had weight-



5 

 

 
 

for-height Z scores that were 0.3 standard deviations below those of non-orphans[23]. A 

cross-sectional survey performed in central Kampala, Uganda, found that orphans were 

sick more often than non-orphans in the two weeks preceding the survey, however there 

was no significant difference in health seeking behavior or growth indicators between 

orphans and non-orphans[20]. Another study found that orphaned children experience a 

wide range of health risks and have limited access to material and social resources[21]. 

Those households absorbing orphans are more likely to be monetarily poor, because there 

is an increase in the “dependency ratio”, where fewer individuals are supporting more 

dependents, and where having unmet needs, such as lack of education, food, medical 

care, and clothes, is common[22]. 

Child-headed households are distinctively different than adult-headed households. 

Heads of households who are children generally have less knowledge about the signs and 

symptoms of malaria, they’re less likely to seek health care, and they’re more likely to 

use herbal remedies for the treatment of malaria[24]. For the purposes of this study, 

child-headed households were not included in the analysis. 

 

Malaria Indicator Survey, Uganda 

 

The Malaria Indicator Survey (MIS) was implemented in Uganda to determine the 

progress being made in malaria control and prevention. The objectives of the 2009 MIS 

included: 

 “Measure the extent of ownership and use of mosquito bed nets 

 Assess coverage of the intermittent preventive treatment program for 

pregnant women 
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 Identify practices used to treat malaria among children under age 5 and the 

use of specific anti-malarial medications 

 Measure the prevalence of malaria and anemia among children age 0-59 

months 

 Determine the species of plasmodium parasite most prevalent in Uganda 

 Assess knowledge, attitudes, and practices regarding malaria in the 

general population”  

 

This study aims to determine whether orphans and children under 5 years of age 

in Uganda living with NPG, captured in the MIS of 2009, have different malaria 

prevention and disease indicators compared to children living with BP. Few previously 

published studies have addressed this issue. Findings of this study will help to determine 

whether the MIS is capturing a representative sample of Ugandan children, in particular 

ensuring that children living with NPG are included. The MIS data is important for 

determining the burden of malaria within many of the sub-Saharan African countries and 

helps to identify gaps in prevention and regions which need additional interventions or 

assistance.  

Chapter II:  Manuscript 

Malaria Prevention Measures and Household Characteristics of Children Living 

with Biological Parents Compared to Children Living with Non-Parent Guardians 

included in the 2009 Uganda Malaria Indicator Survey 

Samantha Dolan 
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Abstract 

Background: Uganda has more than 2.7 million orphans or children living with non-parent 

guardians (NPG) who may have limited access to malaria prevention measures compared to 

children living with their biological parents (BP).  

Methods: We analyzed weighted data from the 2009 Uganda Malaria Indicator Survey for 

malaria and prevention measures including blood smear readings, insecticide-treated net (ITN) 

ownership and use, and household characteristics for children under 5 years (under-fives) living 

with either NPG or BP. Two-sided Rao Scott Chi-square tests were used to compare categorical 

data and Wilcoxon rank sum tests were used for testing distribution differences between 

continuous variables.  

Results: Of 3933 under-fives, 707 (18%) were categorized as living with NPG during household 

surveys.  The median age and sex of the head of the household differed for each group; for 

children living with NPG the median age was 54 (47-63) years while for children living with BP 

it was 34 (28-40) years (p<.01), 46% of heads of households for children living with NPG were 

male, while for children living with BP, 82% were male (p<.01).  Of children living with NPG, 

76% lived in a home with an ITN compared to 80% of children living with BP (p=.33). Of those 

households with a bednet for sleeping, 42% (95% CI: 33-50) of children living with NPG versus 

25% (95% CI: 21-28) of children living with BP did not have any children sleep under the bednet 

the night before the survey (p<.01). Of children living with NPG, 45% (95% CI: 41-49) had a 

positive malaria blood smear, compared to 42% (95% CI: 40-44) of children living with BP 

(p=0.31). Adjusting for age, age and sex of the head of the household, wealth, and whether 

children slept under a bednet the night before the survey, the odds ratio of a positive malaria 

blood smear was over four times greater for children living with NPG than those living with BP 

(OR: 4.2, 95% CI: 1.8-9.7, p<.01). There were statistically significant interaction terms between 
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guardianship and whether children slept under a bednet (p<.01) as well as age of the head of the 

household (p=.02).  
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Introduction 

   

Among the Ugandan population, malaria is a severe health burden that affects millions of 

people. One-hundred percent of the population is at risk of malaria infection, Uganda 

experiences some of the highest transmission rates in Africa[12, 14] and the parasite 

species contributing to the most morbidity is Plasmodium flaciparum transmitted mainly 

by bite of an infected female Anopheles gambiae mosquitoes. Children under five years 

and pregnant women are most at risk of acquiring the infection and developing severe 

malarial disease due to their lack of immunity and weak immune system. The most 

severe manifestation in children being cerebral malaria, respiratory distress, and severe 

anemia [5]. In Uganda, between 70-100,000 deaths are reported to be due to malaria in 

children under-five annually[13].  

             Uganda has a large number of orphaned and vulnerable children due to the large 

HIV epidemic peaking in the early 1990s[16]. Approximately 1.2 million children in 

Uganda are orphaned due to HIV/AIDS, contributing to the 3 million total orphans in the 

country[15]. In many sub-Saharan African countries, orphans live with a surviving parent 

or become absorbed into the households of their extended family [17]. Often, orphans are 

taken in by older female relatives, mainly grandmothers[19]. As the number of orphans 

increases, the ability of extended families to take care of these children has decreased, 

potentially leading to orphans being more vulnerable to poor health, economic loss, 

educational boundaries, and psychological problems[16, 20-22].  

             Few studies have assessed how the burden of diseases, other than HIV/AIDS, 

differs between orphans and children living with non-parent guardians (NPG) compared 

to those children living with their biological parents (BP). One study in Kenya found that 
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the prevalence of fever, malaria, parasitaemia, history of illness, hemoglobin levels, use 

of bednets, and height-for-age Z scores did not differ between orphans and non-

orphans[23]. Another study from Uganda concluded that orphans were sick more often 

that non-orphans two weeks preceding a cross-sectional survey[20]. This study aims to 

determine whether malaria prevention and disease indicators differ between those 

children living with NPG compared to those living with BP.  

 

Methods 

  

Survey Methods 

 

The Uganda Bureau of Statistics (UBOS) and the Uganda Malaria Surveillance 

Project (UMSP) implemented the Malaria Indicator Survey (MIS) for the National 

Malaria Control Program in Uganda in 2009. A two-stage sample design was utilized to 

conduct a cross-sectional study of health and demographic characteristics by household. 

The sample of households was stratified into 10 survey regions throughout the country. 

Each of the regions was made up of 8 to 10 contiguous administrative districts; language 

and cultural characteristics were similar throughout each of the regions. The ten regions 

of Uganda included: North East, Mid Northern, West Nile, Mid Western, South Western, 

Mid Eastern, Central 1, Central 2, East Central, and Kampala. There were 17 clusters 

identified per survey region. Clusters were first selected from a list of enumeration areas 

from the 2002 Population Census, 170 clusters were identified by probability 

proportional to size. The sampling frame for the selection of households was created from 

a complete listing of all households in the selected sample points. Then twenty-eight 

households in each cluster were systematically sampled from the household listing.  



11 

 

 
 

The data was collected in 80 districts of Uganda from November 4, 2009 to 

December 24, 2009 from a total of 4,421 of the 4,760 households selected. The MIS are 

conducted to correspond with the high malaria transmission season.  

Women aged 15 to 49 years were considered eligible for individual interviews if 

they were either permanent residents of the household in the sample or visitors present in 

the household on the night before the survey. The women were asked about malaria 

prevention during pregnancy and treatment of childhood fevers for each of their children. 

Children aged 0-59 months, listed in the household roster, were eligible for anemia and 

malaria testing. Testing for anemia and malaria was done for children ages 0-59 months 

using a finger or heel prick, using HemoCue machines and malaria rapid diagnostic tests 

(RDTs). Blood smears were made and transported to another location in order to 

determine the plasmodium parasite species. 

Two types of questionnaires were used for the MIS; they were translated into 6 

major languages common in Uganda (Ateso-Karamojong, Luganda, Lugbara, Luo, 

Runyankore-Rukiga, and Runyoro-Rutoro). The first type of questionnaire was the 

Household Questionnaire, used to identify women eligible for the individual interview 

and children who could be tested for anemia and malaria. This questionnaire was used to 

create a line listing of members and visitors in each household. Information collected 

included: age, sex, relationship to the head of the household, characteristics of the 

household’s dwelling unit, ownership of various durable goods, and ownership and use of 

mosquito nets. The second type of questionnaire was the Woman’s Questionnaire, which 

collected information on: background characteristics, full reproductive history including 

children ever born and died, antenatal care and preventive malaria treatment for most 
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recent birth, prevalence and treatment of fever among children under age 5, and 

knowledge about malaria.  

Children 0 to 59 months included in the Household Questionnaire had blood 

samples collected by finger or heel prick. These samples were used to do on-the-spot 

testing for anemia and malaria and to prepare thick and thin blood smears to determine 

malaria parasitemia. The testing for malaria used Paracheck Pf™ RDT, which tests for 

the species Plasmodium falciparum. HemoCue analyzers were used to determine each 

child’s hemoglobin level. Thick and thin blood smears were collected with the completed 

questionnaires in the field; they were then logged in at UBOS headquarters in Kampala, 

and were read for plasmodium parasite species at the UMSP Molecular Research 

Laboratory at Mulago Hospital in Kampala.  

Bednet ownership and use was assessed by the surveyor. Whether a net was 

observed in the household was determined by the surveyor asking the surveyed 

individuals if they could have a look at the net(s) to establish the brand of the net. The 

surveyor asked if the mosquito net was ever soaked or dipped in a liquid to repel 

mosquitoes or bugs and how many months ago this occurred to determine if the net was 

an ITN. The line number of each person who slept under each mosquito net the night 

prior to the survey was recorded; this information was used to identify how many 

household members under the age of 5 slept under the bednet.  

 

Analysis Methods 

 

Data from the 2009 MIS were provided by the United States Agency for 

International Development (USAID) and downloaded from the agency’s Demographic 
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and Health Surveys website[25].  The data collected from the household and woman’s 

questionnaires were downloaded and merged to create a complete dataset including all 

possible children included in the surveys. Observations missing a household line number, 

missing data on age, and missing or having an undefined code for the variable for their 

relationship to the head of the household were dropped from the dataset. Only household 

members under the age of 5 years were included in the combined dataset. All duplicate 

observations were dropped because children included in the woman’s questionnaire are 

included in the household questionnaire.  

Children less than five years were categorized by guardianship into two groups, 

children living with NPG and children living with their biological parents, based on their 

relationship to the head of the household. Children who were listed as son or daughter 

were considered to be living with their biological parents; children living with NPG 

included: grandchild, niece/nephew by marriage, other relative, adopted/foster/step-child, 

and not related. Those children who were identified as brothers or sisters, son-in-law or 

daughter-in-law, or parent-in-law were not included in the analysis.  

Age was categorized into four groups by the age of each child in months; 0-5, 6-

11, 12-23, and 24-59 months old. The relationship structure of the adults in each 

household was categorized into five groups: one adult, two adults of the opposite sex, two 

adults both the same sex, three or more related adults, or unrelated adults. Children under 

5 who slept under a bednet the night before the survey were categorized into three 

groups: all children, some children, and no children. Malaria blood smear results were 

either considered positive or negative. Anemia level was categorized into four groups 
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based on hemoglobin levels adjusted for altitude (g/dl); 10.0-10.9 (Mild), 7.0-9.9 

(Moderate), <7.0 (Severe), and >10.9 (Not anemic).  

The wealth index was calculated by the data compilers (ICF International). This 

index used data on each household’s ownership of consumer goods, dwelling 

characteristics, sources of drinking water, sanitation facilities, and other characteristics 

that relate to a household’s socioeconomic status to create wealth categories. Each asset 

was assigned a weight from a principal component analysis, the resulting scores were 

standardized in relation to a standard normal distribution; mean of zero and standard 

deviation of one. Scores were assigned for each asset; the sum of the scores was 

calculated for each household. For each individual, the scores were ranked based on the 

score of the household they lived; the scores were then divided into quintiles. This 

method created a single asset index for wealth based on data from the entire county’s 

sample. The wealth index categories were richest, rich, middle, poor, and poorest. 

Sampling weights were applied to the data, a household weight and an individual 

weight. To calculate the household weight for a household, the inverse of the selection 

probability for the household was multiplied by the inverse of the household response 

rate for each household’s response rate group. The individual weight was calculated by 

multiplying the household weight by the inverse of the individual response rate of an 

individual’s response rate group. Each of the weights was standardized by dividing each 

weight by the average of the initial weights. Sampling weights were calculated to six 

decimals.  

Data were analyzed with SAS 9.3 (SAS Institute, Cary, NC). Variable 

distributions were characterized (means, medians, standard deviations, interquartile 
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ranges). Bivariate frequencies were performed on characteristics comparing children 

living with NPG and those living with BP. Weighted frequencies were calculated with the 

surveyfreq procedure, strata were considered the cluster number for each household,  

cluster was the household number in the cluster, and the weight was identified as the 

sample weight (previously calculated by the data compilers) divided by 1,000,000, as 

suggested by the data providers[26]. Two-sided Rao-Scott chi-square tests of 

independence were used for categorical variable comparisons, t-tests were used for 

normally distributed continuous variables, and two-sided Wilcoxon rank sum tests were 

used to test distribution differences between non-normally distributed continuous 

variables [27]. 

Multivariable logistic regression models were utilized to assess guardianship of 

children with three outcomes: a positive malaria blood smear, anemia, and whether 

children under 5 slept under a bednet the night before the survey. After assessing for 

interaction, confounding was assessed using a backwards elimination approach. The best 

model was determined by whether the odds ratio for guardianship, when controlling for 

the other variables, was within 10% of the estimate for the odds ratio of the full model. 

Precision of the estimates were compared if more than one of the candidate models was 

within 10% of the estimate from the full model, this was based on the width of the 95% 

confidence interval for the odds ratio. Variables with biologically plausibility of being 

associated with the outcome were controlled for in the model.  

The variables for guardianship, sex, age, sex of the head of household, age of the 

head of household, the relationship structure of the household, and wealth index were 

controlled for in each of the logistic regression models. Guardianship was a dichotomous 
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variable, children living with biological parents (referent) and children living with non-

parent guardians. Sex, age, age of the head of the household, the relationship structure of 

the household, and wealth index were categorized as previously described above. For the 

two variables assessing sex and sex of the head of the household, male was the referent 

group. Two adults of the opposite sex was the referent group for the relationship structure 

of the household, and the richest wealth group was used as the referent for the wealth 

index. The age of the head of the household was transformed into a dichotomous 

variable, less than 40 years (referent) and 40 to 97 years. The variable for whether 

children under five slept under a bednet the night before the survey was grouped into two 

categories, no children (referent) and some or all children. Anemia was categorized into 

two groups based on hemoglobin level adjusted for altitude, not anemic, ≥11.0 g/dl 

(referent) and < 11.0 g/dl.  

The indicator variable for whether children slept under a bednet was assessed in 

the logistic regressions with the outcomes for malaria and anemia, and was used as the 

outcome variable in the final logistic regression. For the logistic regression which 

assessed the outcome for anemia, the children ages 0 to 5 months were not included and 

the children aged 24 to 59 months were used as the referent, and malaria blood smear 

result was included. For the outcome of whether children slept under a bednet the night 

before the survey, anemia was controlled for in the model.  

Statistical significance was determined at a two-sided 0.05 level for all tests. 

Crude estimates were reported for demographic and household characteristics, weighted 

estimates were reported for malaria prevention and disease indicators.  

  



17 

 

 
 

IRB Approval 

 

This study received an IRB exemption (Appendix: A). 

 

Results 

 

There were a total of 4,118 children under the age of five years with qualified 

relationships to the head of the household in the combined household and woman’s 

questionnaires [Figure 1]. Of these children, 3933 (96%) were considered usual residents 

of the household by the head of the household and slept in the household the night before 

the survey was completed. Of these children, there were 3,226 (82%) children living with 

their biological parents, while 707 (18%) children were children living with NPG. Of 

children living with NPG, 595 (84%) were grandchildren, 58 (8%) were not related to the 

head of the household, 33 (5%) niece/nephew by marriage, 15 (2%) were other relative, 

and 6 (1%) were adopted/foster/step children. 

There was no significant difference between the age (in months) of children living 

with their biological parents versus children living with NPG (mean 30.2 and 29.6 

months respectively) [Table 1]. Fotry-nine percent of children in each of the two groups 

of children were male. Significant differences in the sex and age of the head of the 

household were found between children living with NPG and those living with BP. 

Eighty-two percent of children living with BP had a male head of household, while 46% 

of children living with NPG had a male head of household (Rao Scott Chi-square p value: 

<.0001). The median age of the head of household for those children living with BP was 

34 years while for children living with NPG it was 54 years (Wilcoxon Rank Sum p 

value: <.0001).  
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Similar proportions of children were living in households in the poorest wealth 

quintile, 23% of children living with BP compared to 22% of children living with NPG, 

while 22% of children living with NPG lived in households in the richest wealth category 

compared to 16% of children living with their biological parents. For the relationship 

structure of the household, 62% of children living with their biological parents were 

living in a household with two adults of opposite sex, while children living with NPG 

only had 15% living in these types of household structures. Children living with NPG had 

the highest proportion (62%) of children living with three or more related adults, 

compared to only 23% of children living with their biological parents. There were 

significant differences in the proportions of children included in each of the categories for 

relationship structure of the household (Rao Scott Chi-square p value: <.01). 

There was a significant difference between the two groups of children for whether 

they lived in a household that had a bednet for sleeping [Table 2]. Children living with 

NPG were less likely to have a bednet for sleeping than children living with their 

biological parents (OR: 0.7 [95% CI: 0.5, 0.9]). Also, of the 2539 (65%) observations that 

had information about bednet use, it was less likely for children living with NPG to live 

in a household where all or some of the children in the household slept under a bednet the 

night before the survey compared to children living with their biological parents (“all 

children” OR: 0.5 [95%CI: 0.3-0.7], “some children” OR: 0.5 [95% CI: 0.3-0.8]).  

Of the households surveyed, 1650 (42%) had information regarding a bednet 

being observed in the home and whether the bednet was an ITN. Of these observations, 

there was no significant difference in the weighted proportions of households having a 

net observed between children living with NPG and those living with their biological 
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parents (90% vs. 84% respectively) [Table 2]. When assessing whether a net was an ITN, 

fewer households for children living with NPG had ITNs (76%) compared to children 

living with BP (80%), this difference was not significant.  

Of the 3823 (97%) children with blood smear readings, the weighted proportions 

of children in each group, based on parent guardianship, having a positive malaria blood 

smear were not significantly different; 45% of blood smears were positive for children 

living with NPG, and 42% were positive for children living with BP. There were also no 

significant differences between the anemia levels; 5% of children living with NPG had 

severe anemia compared to 4% of children living with BP, 42% and 38% of the children 

were not anemic, respectively.  

 The best multivariable analysis comparing the odds of a child having a positive to 

a negative malaria blood smear found that there was a significant association with this 

outcome and guardianship [Table 3]. Children living with NPG predicted a greater 

likelihood of having a positive malaria blood smear (OR: 4.2, 95% CI: 1.8, 9.7). This 

model included age, sex and age of the head of the household, wealth index, whether 

children slept under a bednet, and the interaction terms for guardianship with age of head 

of household and whether children slept under bednet.  There was an upward trend in the 

predicted odds of the association of the age of a child and the odds of a positive malaria 

blood smear.  Sex and age of the head of the household were not significant predictors of 

a positive malaria blood smear. This model predicted a greater likelihood of child having 

a positive malaria blood smear for those children living in households in the wealth index 

categories for poorest, poor, middle, and rich, when compared to the richest households. 

In particular, those children living in the poorest households were over six times more 
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likely to have a positive malaria blood smear than those children living in the richest 

households (OR: 6.5, 95% CI: 4.2, 10.3). There was no significant association found 

between a positive malaria blood smear and whether children slept under a bednet the 

night before the survey (OR: 1.0, 95% CI: 0.7, 1.4). 

 For the comparison of a child having anemia versus not being anemic, the best 

multivariable model did not find a significant association between this outcome and 

guardianship, when age, sex and age of head of household, relationship structure, wealth 

index, whether children slept under a bednet, and malaria blood smear result were 

included in the model [Table 4]. Also, the model predicted that anemic children were 

more likely to be ages 6 to 11 and 12 to 23 months compared to those children ages 24 to 

59 months (OR: 4.9, 95% CI: 3.2, 7.5 and OR: 2.9, 95% CI: 2.0,4.0 respectively). The 

model predicted that among all children, anemic children were over three times more 

likely to also have a positive malaria blood smear result (OR: 3.4, 95% CI: 2.5, 4.5). 

There was no significant association found between anemia and relationship structure of 

the household or whether children slept under a bednet the night before the survey. 

 When comparing whether children slept under a bednet the night before the 

survey and guardianship, the best multivariable analysis found a significant association 

between these variables [Table 5]. The model was able to predict that children living with 

NPG were less likely to sleep under a bednet the night before the survey than children 

living with their biological parents (OR: 0.6, 95% CI: 0.4, 0.9).  This model included age 

and the age of the head of the household. These variables indicated that children living 

with a head of household between 40 and 97 years were less likely to sleep under a 

bednet the night before the survey than children living with heads of households less than 
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40 years (OR: 0.6, 95% CI: 0.4, 0.9). Also, this model predicted that children ages 6 to 11 

months and 12 to 23 months were more likely to sleep under a bednet the night before the 

survey than children ages 0 to 5 months (OR: 1.5, 95% CI: 1.0, 2.3 and OR: 1.6, 95% CI: 

1.0, 2.4, respectively).  

 

Discussion 

 

 The findings of this study bring to light some of the issues concerning bednet 

ownership versus bednet use and how these factors affect the prevalence of malaria 

among children living with NPG compared to those living with BP. We found that 

despite there being similarities in some of the demographic characteristics and malaria 

prevention indicators between the two groups of children, household structure 

characteristics and bednet usage differed. We predicted children living with NPG to have 

a greater risk of having a positive malaria blood smear when household characteristics 

and bednet usage were considered concurrently.  

 Our results found that children living with NPG were both more likely to have a 

positive malaria blood smear and less likely to sleep under a bednet the night before the 

survey, when compared to children living with BP. Considering the percentage of bednets 

found in households did not significantly differ by guardianship, these findings suggest 

that there may be a lack of households with NPG using bednets which may contribute to 

the burden of malaria among the children living in these homes. It is important to note 

that we found significant interactions to exist between the result of a malaria blood smear 

with both the age of the head of the household and whether children slept under a bednet 

the night before the survey. These interactions further suggest that caregivers over the age 
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of 40 years may not be using bednets appropriately in order to protect young children 

from infectious mosquitoes. Education on the proper use of bednets may be lacking 

among NPG, despite high levels of bednet ownership. 

 Household characteristics greatly differed by guardianship and reflected the 

findings from other studies concerning the household structure and caregiver 

characteristics for children living with NPG. The NPG tended to be older and a greater 

proportion were female compared to BP. Also, more children living with NPG were 

living in homes with three or more caregivers, indicating they may be living with 

extended families or in a combined family household. The wealth index also differed by 

guardianship, with greater proportions of NPG in the richer categories while BP tended to 

be in the poorer categories. This result may reflect the contribution of an additional wage 

earner in homes with three or more adults.  

Children living with NPG have similar demographic characteristics when 

compared to children living with BP. These findings suggest that there is no preferential 

or discriminatory treatment of children who may be considered orphans when they move 

into the households of extended family members. For instance, it many communities, 

older, male children may be more highly valued, and so they may remain with a single 

biological parent after the death of the other parent. However, our findings indicate that 

there is an even distribution of both age and sex between the two groups of children 

based on guardianship. 

Implications of our findings concern the need for additional education on proper 

bednet use among certain types of guardians and may possibly elucidate the dynamic 

nature of households that take in additional children. Children living with NPG may live 
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with caregivers who do not fully understand the importance of a bednet for preventing 

malaria or how to properly use and care for a bednet, especially when young children are 

living in the home. These caregivers may need to be targeted for additional education on 

the use of bednets for malaria prevention. These findings may also indicate that when 

additional children become a part of households that include extended family members, 

malaria prevention practices diminish, due to the additional burden of more children. 

Further messaging may be needed to remind newly expanded households that it is 

important to continue malaria prevention, especially when young children become 

members of the household.  

 

Strengths and Weaknesses 

 

 Strengths of this study include the utilization of MIS data which is well 

representative of Uganda’s population in terms of demographic characteristics and health 

indicators. The MIS is a well known, multi-lateral, proficient survey, which is held in 

high regard for its methodology and accuracy in collecting country wide data throughout 

sub-Saharan Africa. This study benefits from the high standards, expertise, and 

experience of the DHS data collectors. The MIS is able to collect robust, precise data, 

allowing this study to identify significant and accurate associations for burdens of disease 

and household characteristics for Ugandan children under five years.  

 The use of weighted statistics, which accounted for the MIS’s two-stage sample 

design, allowed for the observed results to be compared to the weighted results. This 

comparison showed that our observed results were comparable to the weighted results, 

therefore indicating that our results and conclusions can be more broadly generalized and 
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extrapolated beyond the observations collected in the 2009 MIS, possibly to the entire 

country of Uganda. 

There are several limitations for this study regarding how the data were collected 

and analyzed. During the administration of the women’s questionnaire for the MIS, 

women of child bearing age are identified and information regarding their children and 

current or past pregnancies are collected. The data is compiled so that each child reported 

by a mother is given an individual line number recording them as a member of the 

mother’s household and is also recorded in the household questionnaire. Therefore, 

children who are living in households that do not include their biological mothers would 

not be included in the women’s questionnaire; they would only be reported in the 

household questionnaire by the head of the household. Each of the questionnaires collects 

different information and so not all children included in the MIS have the same amount 

of information; health care seeking and disease treatment information were missing for 

children who were only included in the household questionnaire. Therefore, for this 

study, only data collected in the household questionnaire could be analyzed for all 

children included in the MIS.  

 In addition to having incomplete information for children who were only captured 

in the household questionnaire, data on nutrition indicators were not collected or were 

missing for all of the children analyzed in the survey. Having access to this type of 

information may help explain some of the results found in our analysis concerning 

anemia prevalence among the children who were analyzed for this study. Anemia 

prevalence is often associated with cases of malaria, but can also be affected by poor 

nutrition and co-morbidities.  
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The wealth index was created in a way where each individual in a household has 

the same wealth index score based on the living conditions and ownership of consumer 

goods observed and recorded during the survey. Wealth indices cannot be compared 

between individuals without looking at additional household characteristics; the number 

of individuals in a home and the number that contribute to the purchasing of consumer 

goods. If more people are contributing to the purchase of household goods or 

maintenance of a home, then the home would have a higher wealth index score. 

Therefore, homes with multiple wage earners would most likely be categorized into the 

wealthier indices. In this study, children living with NPG tended to live in wealthier 

homes, but they also lived in a higher proportion of homes that had three or more adults. 

Children living with BP tended to live in two parent homes and higher proportions lived 

in poorer homes. The difference in the number of adults for the relationship structures of 

the households for the two groups of children may also explain the differences seen in the 

wealth categories. The number of adults in a household may act as a proxy for a 

household’s wealth. Therefore this is not an indication that children living in these types 

of households have greater access to resources, it is only an indication of these types of 

households having a greater total income than households with fewer adults regardless of 

the number of dependents in the household. 

The prevalence odds ratios reported for the associations in this study may 

overstate the prevalence ratios for those events which are considered to be common 

events (those which occur >10%). This can be problematic when logistic regression is 

applied to the data in order to calculate an adjusted odds ratio[9]. 
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Finally, the categorization of children living with NPG and those living with BP 

may not accurately reflect the true differentiation of children that we attempted to 

compare. The categories were derived from each child’s relationship to the head of the 

household, self reported by the head of the household. Definitions of relationships to the 

head of the household may differ both within and between families. This is especially 

important when a parent remarries or families merge to create extended family 

households. Children who should be considered step children to the head of the 

household may be classified and recorded as a biological son or daughter to the head of 

the household. These classifications may not be consistently used by whoever is reporting 

the relationship status or even within a family and are likely to have different meanings 

for each household.  
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Tables and Figures 

 

Table 1. Demographic and Household Characteristics for Children living with Non-Parent 

Guardians (NPG) and Biological Parents Under 5 Years who are Usual Residents and Slept 

in the House the Night prior to the Survey (n=3933) 

Characteristics 

Guardianship  

Non-Parent Biological Parent  

 Mean, S.d. n Mean, S.d. n P value** 

Age, months   0.3027 

0-5 2.7, 1.6 61 2.8, 1.6 284  

6-11 8.6, 1.8 58 8.4, 1.6 346  

12-23 17.2, 3.2 142 17.3, 3.4 643  

24-59 40.9, 9.9 446 41.2, 10.4 1953  

Total  30.2, 16.6 707 29.6, 17.1 3226 0.3778^^ 

 Prevalence (95%CI)^ n Prevalence (95%CI)^   n  

Sex   0.9828 

Male 49 (45, 53) 354 49 (47, 52) 1597  

Female 51 (47, 55) 353 51 (48, 53) 1629  

Sex of Head of HH   <.0001† 

Male 46 (40, 52) 342 82 (80, 85) 2661  

Female 54 (48, 60) 365 18 (15, 20) 565  

Age of head of 

Household, median 

years (IQR) 54 (47-63)  34 (28-40)  <.0001†* 

Wealth quintile     0.1074 

Poorest 22 (17, 27) 156 23 (21, 25) 872 0.0984 

Poorer 18 (14, 23) 117 22 (20, 24) 642 0.0192† 

Middle 17 (12, 21) 134 21 (18, 24) 611 0.0139† 

Richer 22 (17, 26) 142 18 (16, 21) 600 0.5526 

Richest 22 (17, 26) 158 16 (14, 18) 501 - 

Relationship structure, 

Number of adults   <.0001† 

One 8 (5, 12) 53 11 (9, 13) 333 <.0001† 

Two, opp. sex 15 (11, 19) 100 62 (59, 65) 1986 - 

Two, same sex 10 (7, 12) 68 2 (1, 3) 66 <.0001† 

Three + related 62 (56, 67) 446 23 (20, 25) 775 <.0001† 

Unrelated  6 (3, 8) 40 2 (1, 3) 66 <.0001† 

Total 707 3226  
†Statistically significant at a 0.05 level 

^ Prevalence and corresponding 95% CI weighted for multistage sampling design 

^^ T- test p value 

*Wilcoxon Rank Sum p value 

**Rao Scott Chi-square p value
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Table 2. Malaria Prevention and Disease Indicators by Guardianship for Children Under 5 Years who were Usual Residents and 

Slept in the House the Night before the Survey (n=3933) 

Indicators 

Guardianship   

Non-Parent Biological Parent   

 Prevalence (95%CI) n Prevalence (95%CI) n OR (95% CI) P value^^ 

Have bednet for sleeping       

Yes 58.5 (54.3, 62.7) 411 67.4 (65.0, 70.0) 2128 0.7 (0.5, 0.9) 0.0092† 

No 41.5 (37.3, 45.7) 296 32.6 (30.1, 35.0) 1098 1.0 - 

Net observed*, n=1650 (42%)       

Yes 90.3 (87.1, 93.6) 174 83.8 (80.7, 87.0) 1236 1.8 (0.98, 3.3) 0.0534 

No 9.7 (6.4, 12.9) 27 16.2 (13.0, 19.3) 213 1.0 - 

ITN ownership, n = 1650 (42%)       

Yes 75.9 (70.6, 81.1) 147 80.3 (76.7, 84.0) 1177 0.8 (0.5, 1.3) 0.3258 

No 24.1 (18.9, 29.4) 57 19.7 (16.0, 23.4) 272 1.0 - 

Children under 5 slept under bednet last 

night***, n=2539 (65%) 
     0.0002† 

All Children 42.0 (34.2, 49.7) 174 54.6 (50.6, 58.6) 1213 0.5 (0.3, 0.7) <.0001† 

Some Children 16.5 (10.6, 22.4) 78 20.9 (17.0, 24.7) 442 0.5 (0.3, 0.8) 0.0037† 

No 41.6 (33.4, 49.7) 159 24.5 (21.2, 27.9) 473 1.0 - 

Malaria blood smear**, n=3823 (97%)       

Positive 45.0 (40.8, 49.3) 318 41.9 (39.7, 44.1) 1348 1.1 (0.9, 1.5) 0.3060 

Negative 55.0 (50.7, 59.2) 372 58.1 (56.0, 60.3) 1785 1.0 - 

Anemia level (Hemoglobin), adjusted for 

altitude^ 
     0.3894 

Severe (<7.0 g/dl) 5.0 (3.3, 6.6) 35 4.4 (3.5, 5.2) 150 1.0 (0.6, 1.7) 0.9332 

Moderate (7-.0-9.9 g/dl) 32.3 (28.6, 36.0) 244 36.4 (34.1, 38.6) 1169 0.8 (0.7, 1.1) 0.1244 

Mild (10.0-10.9 g/dl)  21.0 (17.0, 24.9) 155 21.5 (19.4, 23.6) 662 0.9 (0.6, 1.2) 0.4391 

Not Anemic (>10.9 g/dl)  41.8 (37.4, 46.2) 257 37.8 (35.6, 40.0) 1151 1.0 - 

Total 707 3226  
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*2283 observations missing  

**110 observations missing  

***1394 observations indicated no bednet in household or were missing  

^110observations missing  

^^Rao Scott Chi Square p value 

†Statistically significant at a 0.05 level 
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Table 3.Multivariable Logistic Regression Output for the Likelihood of a Child having a Positive Malaria Blood Smear for those 

Children Under 5 Years who are Usual Residents and Slept in the Household Last Night (n= 3816) 

Malaria Blood Smear  

 Unadjusted Model Full Model* Model 1* 

 OR 95% CI P value OR 95% CI P value OR 95% CI P value 

Guardianship       

Biological Parent 1.0 - - 1.0 - - 1.0 - - 

Non-Parent  1.1 0.9, 1.5 0.2934 4.2 1.8, 9.9 0.0011† 4.2 1.8, 9.7 0.0007† 

Sex       

Male 1.0 - - 1.0 - -    

Female 1.1 0.96, 1.4 0.1345 1.2 0.9, 1.5 0.2217    

Age, months  <.0001†  <.0001†  <.0001† 

0-5 1.0 - - 1.0 - - 1.0 - - 

6-11 2.4 1.5, 3.7 0.0002† 3.0 1.6, 5.7 0.0006† 3.0 1.9, 5.6 0.0006† 

12-23 3.1 2.1, 4.8 <.0001† 3.9 2.2, 6.8 <.0001† 3.8 2.2, 6.6 <.0001† 

24-59 5.1 3.4, 7.5 <.0001† 6.5 3.8, 10.9 <.0001† 6.3 3.8, 10.7 <.0001† 

Sex of Head of Household       

Male 1.0 - - 1.0 - - 1.0 - - 

Female 1.1 0.9, 1.3 0.5899 1.3 0.8, 2.0 0.2360 1.2 0.9, 1.7 0.2702 

Age of Head of Household       

< 40 years 1.0 - - 1.0 - - 1.0 - - 

 40-97 years 1.1 0.9, 1.3 0.6410 1.0 0.6, 1.4 0.9482 1.1 0.7, 1.5 0.7474 

Relationship Structure of Household  0.0147†  0.2492   

Two adults, opposite sex 1.0 - - 1.0 - -    

One adult 1.1 0.8, 1.5 0.5286 0.9 0.5, 1.6 0.7781    

Two adults, same sex 1.0 0.6, 1.6 0.9104 1.1 0.5, 2.4 0.9670    
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Three + related adults 1.0 0.8, 1.3 0.9652 1.3 0.9, 1.7 0.2375    

Unrelated adults 0.3 0.2, 0.6 0.0007† 0.5 0.3, 1.2 0.1120    

Wealth index  <.0001†  <.0001†  <.0001† 

Richest 1.0 - - 1.0 - - 1.0 - - 

Poorest 5.2 3.6, 7.5 <.0001† 6.2 3.9, 9.9 <.0001† 6.5 4.2, 10.3 <.0001† 

Poor 3.7 2.5, 5.3 <.0001† 4.8 2.9, 7.9 <.0001† 5.2 3.3, 8.3 <.0001† 

Middle 3.2 2.1, 4.8 <.0001† 3.5 2.1, 6.0 <.0001† 3.8 2.3, 6.4 <.0001† 

Rich 2.5 1.7, 3.7 <.0001† 2.9 1.7, 4.8 <.0001† 3.0 1.8, 4.8 <.0001† 

Children Sleep under Bednet*      

No 1.0 - - 1.0 - - 1.0 - - 

Some or All 0.8 0.6, 1.0 0.0700 0.8 0.6, 1.1 0.7112 1.0 0.7, 1.4 0.7973 

Interaction of Guardianship and Age of Head of 

Household 
  0.0839   0.0113†   0.0171† 

Biological Parent, <40 years for age of head of 

household 
1.0 - - 1.0 - - 1.0 - - 

Biological Parent, 40-97 years for age of head of 

household 
1.1 0.8, 1.3 0.7025 1.0 0.7, 1.4 0.9482 1.1 0.8, 1.5 0.7474 

Non- Parent, <40 years for age of head of 

household 
1.8 1.1, 2.9 0.0272† 4.2 1.8, 9.9 0.0011† 4.2 1.8, 9.7 0.0007† 

Non- Parent, 40-97 years for age of head of 

household 
1.1 0.8, 1.4 0.5108 1.5 0.9, 2.7 0.1508 1.8 1.1, 3.0 0.0338† 

Interaction of Guardianship and Children Sleep 

Under Bednet 
  0.0412†   0.0042†   0.0023† 

Biological Parent, No Children Slept under Bednet 1.0 - - 1.0 - - 1.0 - - 

Biological Parent, Some/All Children Slept under 

Bednet 
0.9 0.6, 1.2 0.4011 0.9 0.7, 1.3 0.7112 1.0 0.7, 1.4 0.7973 

Non-Parent, No Children Slept under Bednet 1.5 0.9, 2.5 0.1235 4.2 1.8, 9.9 0.0011† 4.2 1.8, 9.7 0.0007† 

Non-Parent, Some/All Children Slept under Bednet 0.7 0.5, 1.0 0.0706 1.5 1.1, 0.3 0.2933 1.4 0.7, 2.9 0.3027 

*n= 2462 

†Statistically significant at a 0.05 level 
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Table 4. Multivariable Logistic Regression Output for the Likelihood of a Child having Anemia (<11.0 g/dl Hemoglobin) for 

those Children Under 5 Years who are Usual Residents and Slept in the Household Last Night (n= 3816) 

Anemia  

 Unadjusted Model Full Model* Model 1* 

 OR 95% CI P value OR 95% CI P value OR 95% CI P value 

Guardianship       

Biological Parent 1.0 - - 1.0 - - 1.0 - - 

Non-Parent  0.8 0.7, 1.1 0.2098 0.9 0.6, 1.3 0.4435 0.9 0.6, 1.3 0.4329 

Sex       

Male 1.0 - - 1.0 - -    

Female 0.9 0.8, 1.1 0.4668 0.7 0.6, 1.0 0.0171    

Age, months, n= 3487  <.0001†  <.0001†  <.0001† 

24-59 1.0 - - 1.0 - - 1.0 - - 

6-11 3.4 2.5, 4.8 <.0001† 4.9 3.2, 7.6 <.0001† 4.9 3.2, 7.5 <.0001† 

12-23 2.3 1.8, 3.0 <.0001† 2.9 2.0, 4.1 <.0001† 2.9 2.0, 4.0 <.0001† 

Sex of Head of Household       

Male 1.0 - - 1.0 - - 1.0 - - 

Female 1.0 0.8, 1.3 0.8673 1.4 1.0, 2.1 0.0875 1.4 1.0, 2.1 0.0744 

Age of Head of Household       

< 40 years 1.0 - - 1.0 - - 1.0 - - 

 40-97 years 0.9 0.7, 1.1 0.1576 0.8 0.6, 1.1 0.1679 0.8 0.6, 1.1 0.1566 

Relationship Structure of Household  0.2032  0.1950  0.1829 

Two adults, opposite sex 1.0 - - 1.0 - -    

One adult 1.0 0.7, 1.3 0.9035 0.8 0.4, 1.4 0.4324 0.8 0.4, 1.5 0.4545 

Two adults, same sex 1.2 0.7, 1.9 0.5105 2.3 0.8, 6.6 0.1201 2.2 0.8, 6.0 0.1175 

Three + related adults 1.0 0.8, 1.2 0.7722 1.2 0.9, 1.7 0.2033 1.2 0.9, 1.6 0.1935 
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Unrelated adults 0.6 0.4, 0.9 0.0218† 0.9 0.5, 1.6 0.6394 0.8 0.5, 1.6 0.5896 

Wealth index  <.0001†  0.3803  0.3679 

Richest 1.0 - - 1.0 - -    

Poorest 1.8 1.4, 2.4 <.0001† 1.3 0.9, 2.0 0.1392 1.4 0.9, 2.0 0.1332 

Poor 1.7 1.2, 2.3 0.0019† 1.4 0.9, 2.1 0.1568 1.4 0.9, 2.1 0.1811 

Middle 1.4 1.0, 1.9 0.0268† 1.1 0.7, 1.7 0.7367 1.1 0.7, 1.7 0.7708 

Rich 1.0 0.8, 1.4 0.8346 1.0 0.7, 1.5 0.9853 1.0 0.6, 1.5 0.9746 

Children Sleep under Bednet, n=2465       

No 1.0 - - 1.0 - - 1.0 - - 

Some or All 0.9 0.7, 1.2 0.3759 0.9 0.6, 1.2 0.3308 0.9 0.6, 1.2 0.3089 

Malaria Blood Smear          

Negative 1.0 - - 1.0 - - 1.0 - - 

Positive 3.4 2.8, 4.1 <.0001 3.5 2.6, 4.6 <.0001 3.4 2.5, 4.5 <.0001† 

*n= 2248 

†Statistically significant at a 0.05 level 
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Table 5. Multivariable Logistic Regression Output for the Likelihood of Children Sleeping Under a Bednet the Night before the 

Survey for those Children Under 5 Years who are Usual Residents and Slept in the Household Last Night (n= 2535) 

Children Sleeping Under Bednet  

 Unadjusted Model Full Model* Model 1 

 OR 95% CI P value OR 95% CI P value OR 95% CI P value 

Guardianship       

Biological Parent 1.0 - - 1.0 - - 1.0 - - 

Non-Parent  0.5 0.3, 0.7 <.0001† 0.6 0.4, 0.9 0.0224† 0.6 0.4, 0.9 0.0179† 

Sex       

Male 1.0 - - 1.0 - -    

Female 1.2 0.9, 1.5 0.1585 1.2 0.9, 1.6 0.1612    

Age, months  0.0098†  0.0064†  0.0275† 

0-5 1.0 - - 1.0 - - 1.0 - - 

6-11 1.6 1.1, 2.4 0.0224† 1.7 1.1, 2.6 0.0091† 1.5 1.0, 2.3 0.0424† 

12-23 1.7 1.1, 2.5 0.0152† 1.7 1.1, 2.6 0.0203† 1.6 1.0, 2.4 0.0306† 

24-59 1.0 0.7, 1.3 0.8922 1.0 0.7, 1.4 0.8804 1.0 0.7, 1.3 0.8065 

Sex of Head of Household       

Male 1.0 - - 1.0 - -    

Female 1.0 0.7, 1.4 0.8318 1.1 0.7, 1.9 0.6207    

Age of Head of Household      

< 40 years 1.0 - - 1.0 - - 1.0 - - 

 40-97 years 0.5 0.4, 0.7 <.0001† 0.6 0.4, 0.9 0.0185† 0.6 0.4, 0.9 0.0096† 

Relationship Structure of Household  0.0861  0.8979  

Two adults, opposite sex 1.0 - - 1.0 - -    

One adult 1.1 0.6, 2.0 0.7452 1.1 0.5, 2.1 0.8999    

Two adults, same sex 1.1 0.5, 2.5 0.8446 1.2 0.4, 3.2 0.7368    
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Three + related adults 0.6 0.5, 0.9 0.0151† 0.9 0.6, 1.4 0.6644    

Unrelated adults 0.6 0.3, 1.3 0.1802 0.7 0.3, 1.7 0.4238    

Wealth index  0.2243  0.1377  

Richest 1.0 - - 1.0 - -    

Poorest 1.1 0.6, 1.8 0.8117 1.0 0.6, 1.8 0.9011    

Poor 0.8 0.5, 1.5 0.5357 0.8 0.4, 1.4 0.4399    

Middle 0.8 0.4, 1.3 0.3336 0.7 0.4, 1.2 0.2175    

Rich 0.6 0.4, 1.1 0.0915 0.6 0.3, 1.1 0.0734    

Anemia      

Not Anemic 1.0 - - 1.0 - -    

Mild, moderate, or severe anemia 0.9 0.7, 1.2 0.3759 0.8 0.6, 1.1 0.2134    

*n=2465 

†Statistically significant at a 0.05 level
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Figure 1. Flow Chart of Distribution of Observations by Questionnaire*

 

*Boxes in green indicate those observations which were dropped from the sample 

**Unqualified relationship to head of household included:son-in-law, daughter-in-law, brother or sister, 

parent-in-law, missing, or inaccurately coded 

†Non-biological children were those with a relationship to the head of the household that included: 

grandchild, niece/nephew by marriage, other relative, adopted/foster/step child, or not related 

††Biological children were those with a relationship to the head of the household of son or daughter  

Household Questionnaire          

4012

Womans' Questionnaire       
21606

Combined Questionnaire         
25618

Removed from sample (Total=17888):

-No age (dead), n=263

- ≥5 years, n=17385

- No line number, n=240

Combined Questionnaires       

7730

Duplicates from 
Combined Questionnaire           

Total= 3495

Unique Obs. from 
Combined Questionnaires          

4235

Unique Obs. from 
Combined Questionnaires 

4118

Obs. that were not usual 
residents and did not 

sleep in the household  
Total=185

All Obs. that are usual 
residents and those who 

slept in the household

3933

Non-biological children†

707

Biological children††

3226

Obs.  with unqualified** relationship to 
head of household (Total=117)

-Son/daughter-in-law, n=8

- Brother or sister, n=9

- Parent-in-law, n=1

-Missing/Inaccurately coded, n=56

- Missing age (months), n=43
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Chapter III: 

Summary 

 This study contributes to the small body of scientific research concerning health 

indicators for orphans and children living with NPG in comparison to those children 

living with BP.  Uganda has a large orphan population, largely attributable to the HIV 

epidemic, and past studies have found inconsistent results for health indicators among 

orphans. The data provided by the 2009 MIS allowed us to analyze differences in 

demographic and household characteristics, as well as malaria prevention methods and 

indicators for children under five years surveyed in Uganda. We found that despite 

demographic characteristics being similar for children living with NPG and BP, 

household characteristics differed significantly. A higher proportion of children living 

with NPG lived with heads of households who were female and older when compared to 

heads of households for children living with NPG. Relationship structures of households 

as well as wealth distributions also significantly differed between the two groups of 

children. Bednet ownership was similar between the two groups of children; however 

there were significant differences in whether children under five slept under a bednet the 

night before the survey. Anemia and the proportion of positive malaria blood smear 

readings were similar for the two groups of children. Our multivariable logistic 

regressions found that children living with NPG were four times more likely to have a 

positive malaria blood smear and less likely to sleep under a bednet the night before the 

survey compared to children living with BP. Findings of this study conclude that despite 

bednet ownership being similar between households for children living with NPG and 
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those living with BP, bednet usage differs significantly and may affect malaria 

prevalence.  

Public Health Implications 

 Findings of this study illuminate the possible differences in bednet use in larger, 

less traditional households, compared to two parent, family homes in Uganda. 

Households extending resources and care to orphans and other young, vulnerable children 

may have fewer resources to ensure all children under five are adequately protected by a 

bednet. Also, the combining of households or the introduction of a child into a household 

may disrupt routine practices in many respects, including how often bednets are used for 

sleeping and by whom. The public health implications of this study address the need for 

additional targeting of education on proper bednet use and malaria prevention efforts for 

households that include children living with NPG.  

Possible Future Directions 

 Additional studies are needed to more accurately identify differences in malaria 

prevention methods and disease indicators between children living with NPG compared 

to those living with BP. Studies exploring and surveying the caregivers of children living 

with NPG may gain additional information on why these caregivers are more or less 

likely to use a bednet and under what circumstances. Also, additional studies using 

rigorous definitions for orphans, vulnerable children, and other types of children who 

may be lacking proper health care and disease prevention methods may assist in 

explicitly identifying those children most at risk for malaria. The inclusion of nutritional 

indicators in future studies along with malaria indicators would help us to better 

understand how anemia prevalence is associated with malaria prevalence. These types of 



42 

 

 
 

additional studies would allow us to target those children deemed most at risk for malaria 

in order to provide resources and education to prevent future cases of malaria from 

occurring. 
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Appendix A: IRB Exemption
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Appendix B: Variable Interaction and Confounding Analysis Using Logistic Regression 

Outcome: Malaria Blood Smear Result 

Full Model with all Interaction Terms with Exposure Variable (biostatus) 

procsurveylogisticdata=model ; 

where malaria ne .; 

classmonthage(ref='0')  relst (ref='0') wealth (ref='0') /param=ref; 

model malaria (event = '1') = biostatus sex monthagesexhhhagehhhrelst 

wealth childnetbiostatus*sex 

biostatus*monthagebiostatus*sexhhhbiostatus*agehhhbiostatus*relstbiosta

tus*wealth biostatus*childnet; 

strata HV001; 

cluster HV002; 

weightHHweight; 

run; 

 

Type 3 Analysis of Effects 

Effect DF 
Wald 

Chi-Square 
Pr>ChiSq 

biostatus 1 1.0419 0.3074 

sex 1 0.9281 0.3354 

monthage 3 42.1950 <.0001 

sexhhh 1 1.2820 0.2575 

agehhh 1 0.0279 0.8672 

relst 4 5.4983 0.2399 

wealth 4 51.2614 <.0001 

childnet 1 0.1645 0.6850 

biostatus*sex 1 0.3398 0.5599 

biostatus*monthage 3 2.5050 0.4744 

biostatus*sexhhh 1 0.2543 0.6141 

biostatus*agehhh 1 5.6618 0.0173 

biostatus*relst 4 3.4848 0.4802 

biostatus*wealth 4 1.1553 0.8854 

biostatus*childnet 1 8.6088 0.0033 
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Analysis of Maximum Likelihood Estimates 

Parameter  DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept  1 -3.3329 0.4215 62.5301 <.0001 

Biostatus  1 1.0034 0.9830 1.0419 0.3074 

Sex  1 0.1283 0.1332 0.9281 0.3354 

Monthage 1 1 1.0016 0.3507 8.1564 0.0043 

Monthage 2 1 1.3127 0.3110 17.8175 <.0001 

Monthage 3 1 1.7534 0.2927 35.8842 <.0001 

Sexhhh  1 0.3198 0.2824 1.2820 0.2575 

Agehhh  1 -0.0320 0.1913 0.0279 0.8672 

Relst 1 1 -0.1950 0.3461 0.3176 0.5730 

Relst 2 1 0.2529 0.5742 0.1940 0.6596 

Relst 3 1 0.2617 0.1865 1.9683 0.1606 

Relst 4 1 -0.8353 0.5903 2.0019 0.1571 

Wealth 1 1 1.8686 0.2804 44.4212 <.0001 

Wealth 2 1 1.6154 0.2959 29.7940 <.0001 

Wealth 3 1 1.2745 0.3129 16.5909 <.0001 

Wealth 4 1 1.0913 0.3021 13.0452 0.0003 

Childnet  1 -0.0728 0.1794 0.1645 0.6850 

biostatus*sex  1 0.1955 0.3353 0.3398 0.5599 

biostatus*monthage 1 1 0.9986 0.8240 1.4686 0.2256 

biostatus*monthage 2 1 0.5045 0.7352 0.4709 0.4926 

biostatus*monthage 3 1 0.8957 0.6657 1.8105 0.1784 

biostatus*sexhhh  1 -0.2162 0.4287 0.2543 0.6141 

biostatus*agehhh  1 -0.9997 0.4202 5.6618 0.0173 

biostatus*relst 1 1 0.0794 0.6517 0.0149 0.9030 

biostatus*relst 2 1 -0.9718 0.8420 1.3320 0.2484 

biostatus*relst 3 1 -0.5038 0.4695 1.1514 0.2833 
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biostatus*relst 4 1 0.2485 0.9173 0.0734 0.7865 

biostatus*wealth 1 1 -0.0167 0.5675 0.0009 0.9765 

biostatus*wealth 2 1 0.0851 0.5820 0.0214 0.8837 

biostatus*wealth 3 1 0.3703 0.6469 0.3276 0.5670 

biostatus*wealth 4 1 -0.2185 0.5884 0.1379 0.7104 

biostatus*childnet  1 -1.0630 0.3623 8.6088 0.0033 

 

Association of Predicted Probabilities and Observed 

Responses 

Percent Concordant 70.8 Somers' D 0.423 

Percent Discordant 28.4 Gamma 0.427 

Percent Tied 0.8 Tau-a 0.202 

Pairs 1448797 c 0.712 

 

Reduced Model #1 

procsurveylogisticdata=model ; 

where malaria ne .; 

classmonthage(ref='0')  relst (ref='0') wealth (ref='0') /param=ref; 

model malaria (event = '1') = biostatus sex monthagesexhhhagehhhrelst 

wealth childnetbiostatus*agehhhbiostatus*childnet/ rsq ; 

contrast'biostatus'biostatus1/est=exp; 

contrast'biostatus=1,agehhh=1'biostatus1agehhh1biostatus*agehhh1/est 

=exp; 

contrast'biostatus=1,agehhh=0'biostatus1agehhh0biostatus*agehhh0/est 

=exp; 

contrast'biostatus=0,agehhh=1'biostatus0agehhh1biostatus*agehhh0/est 

=exp; 

contrast'biostatus=0,agehhh=0'biostatus0agehhh0biostatus*agehhh0/est 

=exp; 

contrast'biostatus=1,childnet=1'biostatus1childnet1biostatus*childnet1/

est =exp; 

contrast'biostatus=1,childnet=0'biostatus1childnet0biostatus*childnet0/

est =exp; 

contrast'biostatus=0,childnet=1'biostatus0childnet1biostatus*childnet0/

est =exp; 

contrast'biostatus=0,childnet=0'biostatus0childnet0biostatus*childnet0/

est =exp; 

strata HV001; 

cluster HV002; 

weightHHweight; 
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run; 
 

Type 3 Analysis of Effects 

Effect DF Wald 

Chi-Square 

Pr > ChiSq 

biostatus 1 10.7139 0.0011 

sex 1 1.4932 0.2217 

monthage 3 56.2834 <.0001 

sexhhh 1 1.4045 0.2360 

agehhh 1 0.0042 0.9482 

relst 4 5.3940 0.2492 

wealth 4 67.0031 <.0001 

childnet 1 0.1371 0.7112 

biostatus*agehhh 1 6.4157 0.0113 

biostatus*childnet 1 8.2021 0.0042 

 

Analysis of Maximum Likelihood Estimates 

Parameter   DF Estimate Standard 

Error 

Wald 

Chi-Square 

Pr > ChiSq 

Intercept   1 -3.4319 0.3834 80.1262 <.0001 

biostatus   1 1.4325 0.4376 10.7139 0.0011 

sex   1 0.1495 0.1223 1.4932 0.2217 

monthage 1 1 1.1062 0.3225 11.7673 0.0006 

monthage 2 1 1.3643 0.2851 22.8967 <.0001 

monthage 3 1 1.8641 0.2689 48.0452 <.0001 

sexhhh   1 0.2541 0.2144 1.4045 0.2360 

agehhh   1 -0.0122 0.1877 0.0042 0.9482 

relst 1 1 -0.0788 0.2798 0.0794 0.7781 

relst 2 1 0.0175 0.4228 0.0017 0.9670 

relst 3 1 0.2028 0.1717 1.3953 0.2375 

relst 4 1 -0.6722 0.4229 2.5260 0.1120 

wealth 1 1 1.8515 0.2401 59.4807 <.0001 

wealth 2 1 1.6250 0.2527 41.3555 <.0001 

wealth 3 1 1.3030 0.2747 22.4997 <.0001 

wealth 4 1 1.0657 0.2597 16.8325 <.0001 
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Analysis of Maximum Likelihood Estimates 

Parameter   DF Estimate Standard 

Error 

Wald 

Chi-Square 

Pr > ChiSq 

childnet   1 -0.0664 0.1793 0.1371 0.7112 

biostatus*agehhh   1 -1.0074 0.3977 6.4157 0.0113 

biostatus*childnet   1 -0.9753 0.3405 8.2021 0.0042 

 

Odds Ratio Estimates 

Effect Point Estimate 95% Wald 

Confidence Limits 

sex 1.161 0.914 1.476 

monthage 1 vs 0 3.023 1.607 5.687 

monthage 2 vs 0 3.913 2.238 6.842 

monthage 3 vs 0 6.450 3.808 10.927 

sexhhh 1.289 0.847 1.963 

relst 1 vs 0 0.924 0.534 1.599 

relst 2 vs 0 1.018 0.444 2.331 

relst 3 vs 0 1.225 0.875 1.715 

relst 4 vs 0 0.511 0.223 1.170 

wealth 1 vs 0 6.370 3.979 10.197 

wealth 2 vs 0 5.079 3.095 8.334 

wealth 3 vs 0 3.680 2.148 6.306 

wealth 4 vs 0 2.903 1.745 4.830 

 
 
 

Contrast Estimation and Testing Results by Row 

Contrast Typ

e 

Ro

w 

Estimat

e 

Standar

d 

Error 

Alph

a 

Confidence 

Limits 

Wald 

Chi-

Squar

e 

Pr > ChiS

q 

biostatus EXP 1 4.1892 1.8334 0.05 1.776

7 

9.877

8 

10.713

9 

0.0011 

biostatus=1,agehhh=

1 

EXP 1 1.5112 0.4343 0.05 0.860

4 

2.654

2 

2.0640 0.1508 

biostatus=1,agehhh=

0 

EXP 1 4.1892 1.8334 0.05 1.776

7 

9.877

8 

10.713

9 

0.0011 
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Contrast Estimation and Testing Results by Row 

Contrast Typ

e 

Ro

w 

Estimat

e 

Standar

d 

Error 

Alph

a 

Confidence 

Limits 

Wald 

Chi-

Squar

e 

Pr > ChiS

q 

biostatus=0,agehhh=

1 

EXP 1 0.9879 0.1854 0.05 0.683

8 

1.427

1 

0.0042 0.9482 

biostatus=0,agehhh=

0 

EXP 1 1.0000 0 0.05 . . . . 

biostatus=1,childnet

=1 

EXP 1 1.4783 0.5498 0.05 0.713

1 

3.064

3 

1.1045 0.2933 

biostatus=1,childnet

=0 

EXP 1 4.1892 1.8334 0.05 1.776

7 

9.877

8 

10.713

9 

0.0011 

biostatus=0,childnet

=1 

EXP 1 0.9358 0.1678 0.05 0.658

4 

1.329

9 

0.1371 0.7112 

biostatus=0,childnet

=0 

EXP 1 1.0000 0 0.05 . . . . 
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Assessment of Confounding Using Logistic Regression 

Crude Estimate for Exposure (biostatus) and Outcome (malaria) 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 -0.3304 0.0465 50.4470 <.0001 

biostatus 1 0.1314 0.1251 1.1038 0.2934 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.140 0.892 1.457 

 

Stratification on Sex 

Sex=0 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 -0.4032 0.0648 38.6681 <.0001 

biostatus 1 0.1611 0.1620 0.9889 0.3200 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.175 0.855 1.614 

 

Sex =1 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate Standard Wald Pr>ChiSq 
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Error Chi-Square 

Intercept 1 -0.2603 0.0645 16.2934 <.0001 

biostatus 1 0.1034 0.1670 0.3834 0.5358 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.109 0.799 1.539 

 

Stratification on Age (Months) 

Monthage = 0 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 -1.6508 0.1645 100.7238 <.0001 

biostatus 1 -0.00913 0.2787 0.0011 0.9739 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.991 0.574 1.711 

 

Monthage = 1 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 -0.7973 0.1166 46.7424 <.0001 

biostatus 1 0.0445 0.3077 0.0209 0.8850 
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Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.045 0.572 1.911 

 

Monthage = 2  

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 -0.5343 0.1074 24.7615 <.0001 

biostatus 1 0.1281 0.2340 0.2999 0.5839 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.137 0.719 1.798 

 

Monthage = 3 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 -0.0480 0.0630 0.5798 0.4464 

biostatus 1 0.1029 0.1707 0.3636 0.5465 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.108 0.793 1.549 

 

Stratification on Age of Head of Household 
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Agehhh = 0 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 -0.3427 0.0550 38.8714 <.0001 

biostatus 1 0.5688 0.2571 4.8946 0.0269 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.766 1.067 2.923 

 

Agehhh= 1 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 -0.2971 0.0871 11.6217 0.0007 

biostatus 1 0.0465 0.1524 0.0929 0.7605 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.048 0.777 1.412 

 

Stratification on Sex of Head of Household 

Sexhhh = 0 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 
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Intercept 1 -0.3573 0.0498 51.4507 <.0001 

biostatus 1 0.3287 0.1643 4.0050 0.0454 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.389 1.007 1.917 

 

Sexhhh = 1 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 -0.2080 0.1227 2.8734 0.0901 

biostatus 1 -0.1388 0.2069 0.4502 0.5022 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.870 0.580 1.306 

 

Stratification on relationship structure of household 

Relst= 0 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 -0.3461 0.0584 35.1354 <.0001 

biostatus 1 1.0625 0.3039 12.2251 0.0005 
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Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 2.894 1.595 5.249 

 

Relst = 1 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 -0.2622 0.1422 3.3987 0.0652 

biostatus 1 0.4958 0.2801 3.1346 0.0766 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.642 0.948 2.843 

 

 

Relst = 2 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 -0.2137 0.1516 1.9869 0.1587 

biostatus 1 -0.2199 0.2859 0.5915 0.4418 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.803 0.458 1.406 
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Relst = 3 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 -0.2554 0.0938 7.4085 0.0065 

biostatus 1 -0.1041 0.1758 0.3504 0.5539 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.901 0.639 1.272 

 

Relst = 4 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 -1.4747 0.1787 68.1231 <.0001 

biostatus 1 0.2381 0.3396 0.4917 0.4832 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.269 0.652 2.469 

 

Stratification on Wealth Index 

Wealth = 0 

Analysis of Maximum Likelihood Estimates 

Paramete

r 
DF Estimate 

Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 
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Intercept 1 -1.3790 0.1629 71.6197 <.0001 

biostatus 1 -0.1370 0.2846 0.2317 0.6303 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.872 0.499 1.523 

 

Wealth = 1 

Analysis of Maximum Likelihood Estimates 

Paramete

r 
DF Estimate 

Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.1894 0.0829 5.2158 0.0224 

biostatus 1 0.3138 0.2266 1.9187 0.1660 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.369 0.878 2.134 

 

Wealth = 2 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 -0.1543 0.0837 3.3967 0.0653 

biostatus 1 0.3937 0.2336 2.8392 0.0920 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 
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biostatus 1.482 0.938 2.343 

 

Wealth = 3 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 -0.3030 0.1162 6.8033 0.0091 

biostatus 1 0.3747 0.2250 2.7721 0.0959 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.455 0.936 2.261 

 

Wealth = 4 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 -0.5156 0.1179 19.1235 <.0001 

biostatus 1 0.0664 0.3145 0.0446 0.8327 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.069 0.577 1.980 

 

Stratification on whether Children Slept under Bednet 

childnet = 0 
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Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 -0.3853 0.1297 8.8319 0.0030 

biostatus 1 0.3966 0.2466 2.5871 0.1077 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.487 0.917 2.410 

 

childnet = 1 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 -0.5247 0.0691 57.6755 <.0001 

biostatus 1 -0.2412 0.1723 1.9605 0.1615 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.786 0.561 1.101 

 

Assessing Confounding with Multiple Predictor Variables using a backwards elimination 

approach 

 Variables in Model OR for 

biostatus 

OR for 

interactio

n terms 

OR 95% CI 

1 Biostatus, sex, monthage, sexhhh, wealth, relst, agehhh, 

childnet, biostatus*agehhh, biostatus*childnet 

4.189  1.777, 9.878 

 Non-parent guardian, head of household >40 years  1.5  

 Non-parent guardian, head of household <40 years  4.2  

 Biological parent, head of household > 40 years  1.0  

 Biological parent, head of household< 40 years  1.0  
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 Non-parent guardian, some/all slept under bednet  1.5  

 Non-parent guardian, none slept under bednet  4.2  

 Biological parent, some/all slept under bednet  0.9  

 Biological parent, none slept under bednet  1.0  

2 Biostatus, sex, monthage, sexhhh, wealth, agehhh, 

childnet, biostatus*agehhh, biostatus*childnet 

4.224  1.832, 9.737 

 Non-parent guardian, head of household >40 years  1.8  

 Non-parent guardian, head of household <40 years  4.2  

 Biological parent, head of household > 40 years  1.1  

 Biological parent, head of household< 40 years  1.0  

 Non-parent guardian, some/all slept under bednet  1.4  

 Non-parent guardian, none slept under bednet  4.2  

 Biological parent, some/all slept under bednet  1.0  

 Biological parent, none slept under bednet  1.0  

3* Biostatus, monthage, sexhhh, wealth, agehhh, childnet, 

biostatus*agehhh, biostatus*childnet 

4.218  1.842, 9.658 

 Non-parent guardian, head of household >40 years  1.8  

 Non-parent guardian, head of household <40 years  4.2  

 Biological parent, head of household > 40 years  1.1  

 Biological parent, head of household< 40 years  1.0  

 Non-parent guardian, some/all slept under bednet  1.4  

 Non-parent guardian, none slept under bednet  4.2  

 Biological parent, some/all slept under bednet  1.0  

 Biological parent, none slept under bednet  1.0  

4 Biostatus, monthage, wealth, agehhh, childnet, 

biostatus*agehhh, biostatus*childnet 

4.412  1.966, 9.899 

 Non-parent guardian, head of household >40 years  1.9  

 Non-parent guardian, head of household <40 years  4.4  

 Biological parent, head of household > 40 years  1.0  

 Biological parent, head of household< 40 years  1.0  

 Non-parent guardian, some/all slept under bednet  1.6  

 Non-parent guardian, none slept under bednet  4.4  

 Biological parent, some/all slept under bednet  1.0  

 Biological parent, none slept under bednet  1.0  

5 Biostatus, agehhh, childnet, biostatus*agehhh, 

biostatus*childnet 

2.886  1.371, 6.077 

 Non-parent guardian, head of household >40 years  1.5  

 Non-parent guardian, head of household <40 years  2.9  

 Biological parent, head of household > 40 years  1.1  

 Biological parent, head of household< 40 years  1.0  

 Non-parent guardian, some/all slept under bednet  1.2  

 Non-parent guardian, none slept under bednet  2.9  

 Biological parent, some/all slept under bednet  0.9  

 Biological parent, none slept under bednet  1.0  

6 Biostatus 1.141  0.892, 1.457 

*Best Model 
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Outcome: Anemia 

Full Model with all Interaction Terms with Exposure Variable (biostatus) 

procsurveylogisticdata=anemiamodel ; 

where anemia ne .; 

classmonthage(ref='0')  relst (ref='0') wealth (ref='0') /param=ref; 

model anemia (event = '1') = biostatus sex monthagesexhhhagehhhrelst 

wealth childnet malaria biostatus*sex 

biostatus*monthagebiostatus*sexhhhbiostatus*agehhhbiostatus*relstbiosta

tus*wealth biostatus*childnetbiostatus*malaria; 

strata HV001; 

cluster HV002; 

weightHHweight; 

run; 

 

Type 3 Analysis of Effects 

Effect DF Wald 

Chi-Square 

Pr > ChiSq 

biostatus 1 0.0893 0.7650 

sex 1 5.4531 0.0195 

monthage 2 55.6457 <.0001 

sexhhh 1 1.8429 0.1746 

agehhh 1 2.0136 0.1559 

relst 4 4.6068 0.3301 

wealth 4 4.1594 0.3849 

childnet 1 0.1606 0.6886 

malaria 1 58.1972 <.0001 

biostatus*sex 1 0.5696 0.4504 

biostatus*monthage 2 1.1792 0.5545 

biostatus*sexhhh 1 0.0933 0.7600 

biostatus*agehhh 1 0.5236 0.4693 

biostatus*relst 4 1.8017 0.7722 

biostatus*wealth 4 0.6923 0.9523 

biostatus*childnet 1 1.2426 0.2650 

biostatus*malaria 1 0.0151 0.9022 

 

Analysis of Maximum Likelihood Estimates 
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Parameter   DF Estimate Standard 

Error 

Wald 

Chi-Square 

Pr > ChiSq 

Intercept   1 -0.4026 0.2920 1.9009 0.1680 

biostatus   1 0.2129 0.7124 0.0893 0.7650 

Sex   1 -0.3308 0.1417 5.4531 0.0195 

monthage 1 1 1.5768 0.2423 42.3366 <.0001 

monthage 2 1 0.9911 0.1931 26.3322 <.0001 

Sexhhh   1 0.3940 0.2902 1.8429 0.1746 

agehhh   1 -0.2409 0.1698 2.0136 0.1559 

Relst 1 1 -0.2311 0.3729 0.3841 0.5354 

Relst 2 1 0.9666 0.8308 1.3536 0.2447 

Relst 3 1 0.2204 0.1690 1.6997 0.1923 

Relst 4 1 -0.0806 0.3486 0.0534 0.8173 

Wealth 1 1 0.3180 0.2210 2.0707 0.1502 

Wealth 2 1 0.4007 0.2538 2.4917 0.1145 

Wealth 3 1 0.1192 0.2508 0.2260 0.6345 

Wealth 4 1 0.0326 0.2272 0.0206 0.8859 

childnet   1 -0.0700 0.1747 0.1606 0.6886 

malaria   1 1.2437 0.1630 58.1972 <.0001 

biostatus*sex   1 0.2436 0.3228 0.5696 0.4504 

biostatus*monthage 1 1 0.1885 0.5684 0.1100 0.7402 

biostatus*monthage 2 1 0.4593 0.4326 1.1270 0.2884 

biostatus*sexhhh   1 -0.1374 0.4498 0.0933 0.7600 

biostatus*agehhh   1 0.3784 0.5230 0.5236 0.4693 

biostatus*relst 1 1 -0.5827 0.8211 0.5037 0.4779 

biostatus*relst 2 1 -0.7526 1.0424 0.5213 0.4703 

biostatus*relst 3 1 -0.6429 0.4924 1.7041 0.1918 

biostatus*relst 4 1 -0.5679 0.7882 0.5191 0.4712 

biostatus*wealth 1 1 0.0682 0.5562 0.0150 0.9024 

biostatus*wealth 2 1 -0.3373 0.5330 0.4005 0.5268 

biostatus*wealth 3 1 -0.1213 0.5570 0.0474 0.8276 

biostatus*wealth 4 1 0.0224 0.5163 0.0019 0.9655 

biostatus*childnet   1 -0.3899 0.3498 1.2426 0.2650 
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Analysis of Maximum Likelihood Estimates 

Parameter   DF Estimate Standard 

Error 

Wald 

Chi-Square 

Pr > ChiSq 

biostatus*malaria   1 -0.0453 0.3689 0.0151 0.9022 

 

Association of Predicted Probabilities and Observed 

Responses 

Percent Concordant 70.1 Somers' D 0.409 

Percent Discordant 29.3 Gamma 0.411 

Percent Tied 0.6 Tau-a 0.193 

Pairs 1191015 c 0.704 

 

Assessment of Confounding Using Logistic Regression 

Crude Estimate for Exposure (biostatus) and Outcome (anemia) 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.4965 0.0490 102.7098 <.0001 

Biostatus 1 -0.1649 0.1315 1.5726 0.2098 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.848 0.655 1.097 

 

Stratification on Sex 

Sex=0 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.5338 0.0732 53.1633 <.0001 
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Biostatus 1 -0.1825 0.1713 1.1357 0.2866 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.833 0.596 1.166 

 

Sex=1 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.4605 0.0692 44.3475 <.0001 

Biostatus 1 -0.1479 0.1672 0.7829 0.3763 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.863 0.622 1.197 

 

Stratification on Age  (months) 

Monthage = 0 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.2505 0.0640 15.3412 <.0001 

Biostatus 1 -0.2221 0.1647 1.8185 0.1775 

 

Odds Ratio Estimates 
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Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.801 0.580 1.106 

 

Monthage= 1 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 1.4333 0.1378 108.1411 <.0001 

Biostatus 1 0.0418 0.3782 0.0122 0.9120 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.043 0.497 2.188 

 

Monthage= 2 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 1.0265 0.1085 89.4979 <.0001 

Biostatus 1 0.2406 0.2630 0.8370 0.3603 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.272 0.760 2.130 

 

Stratification on Age of Head of Household 

Agehhh = 0 
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Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.5243 0.0575 83.1214 <.0001 

Biostatus 1 -0.0920 0.3099 0.0882 0.7665 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.912 0.497 1.674 

 

Agehhh = 1 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.4212 0.0966 19.0106 <.0001 

Biostatus 1 -0.1016 0.1642 0.3826 0.5362 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

Biostatus 0.903 0.655 1.246 

 

Stratification on Sex of Head of Household 

Sexhhh = 0 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.4606 0.0531 75.2554 <.0001 
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Biostatus 1 0.0278 0.1533 0.0329 0.8561 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

Biostatus 1.028 0.761 1.388 

 

Sexhhh = 1 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.6668 0.1174 32.2652 <.0001 

Biostatus 1 -0.4654 0.1977 5.5394 0.0186 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.628 0.426 0.925 

 

Stratification on relationship structure of household 

Relst= 0 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.4765 0.0629 57.4628 <.0001 

Biostatus 1 0.2710 0.2698 1.0091 0.3151 

 

 

Odds Ratio Estimates 
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Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.311 0.773 2.225 

 

Relst= 1 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.5731 0.1281 20.0252 <.0001 

Biostatus 1 -0.7368 0.3014 5.9744 0.0145 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.479 0.265 0.864 

 

Relst = 2 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.9459 0.1166 65.8671 <.0001 

Biostatus 1 -0.5439 0.2840 3.6679 0.0555 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.580 0.333 1.013 
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Relst = 3 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.5326 0.0968 30.2622 <.0001 

Biostatus 1 -0.2144 0.1738 1.5206 0.2175 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.807 0.574 1.135 

 

 

Relst = 4 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 -0.1276 0.1033 1.5258 0.2167 

Biostatus 1 0.1839 0.1618 1.2918 0.2557 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.202 0.875 1.651 

 

Stratification on wealth index 

Wealth =0 

Analysis of Maximum Likelihood Estimates 
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Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.1549 0.1356 1.3041 0.2535 

Biostatus 1 0.00902 0.2197 0.0017 0.9672 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.009 0.656 1.552 

 

Wealth = 1 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.8086 0.0920 77.1872 <.0001 

Biostatus 1 -0.3407 0.2431 1.9642 0.1611 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.711 0.442 1.145 

 

Wealth = 2 

Analysis of Maximum Likelihood Estimates 

Paramete

r 
DF Estimate 

Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.7136 0.1168 37.3263 <.0001 

Biostatus 1 -0.3654 0.3085 1.4027 0.2363 
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Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.694 0.379 1.270 

 

Wealth = 3 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.4422 0.0953 21.5130 <.0001 

Biostatus 1 0.3048 0.2190 1.9374 0.1639 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.356 0.883 2.083 

 

Wealth = 4 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.2267 0.1113 4.1488 0.0417 

Biostatus 1 -0.1830 0.3457 0.2803 0.5965 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.833 0.423 1.640 
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Stratification on whether children slept under a bednet 

Childnet= 0 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.3811 0.1297 8.6285 0.0033 

Biostatus 1 0.3264 0.2423 1.8151 0.1779 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 1.386 0.862 2.228 

 

Childnet=1  

Analysis of Maximum Likelihood Estimates 

Paramete

r 
DF Estimate 

Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.3693 0.0687 28.9226 <.0001 

Biostatus 1 -0.2756 0.1877 2.1556 0.1420 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.759 0.526 1.097 

 

Stratification by malaria blood smear result 

Malaria = 0 

Analysis of Maximum Likelihood Estimates 
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Parameter DF Estimate Standard 

Error 

Wald 

Chi-Square 

Pr > ChiSq 

Intercept 1 0.0256 0.0666 0.1476 0.7008 

biostatus 1 -0.1525 0.1708 0.7967 0.3721 

 

Odds Ratio Estimates 

Effect Point Estimate 95% Wald 

Confidence Limits 

biostatus 0.859 0.614 1.200 

 

Malaria = 1 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate Standard 

Error 

Wald 

Chi-Square 

Pr > ChiSq 

Intercept 1 1.2854 0.0887 209.9078 <.0001 

biostatus 1 -0.3246 0.1861 3.0404 0.0812 

 

Odds Ratio Estimates 

Effect Point Estimate 95% Wald 

Confidence Limits 

biostatus 0.723 0.502 1.041 

Assessing Confounding with Multiple Predictor Variables using the backwards 

elimination approach 

 Variables in Model OR for 

biostatus 

OR 95% CI 

1 Biostatus, sex, monthage, agehhh, sexhhh, relst, wealth, childnet, 

malaria 

0.849 0.559, 1.290 

2 Biostatus, sex, monthage, agehhh, sexhhh, wealth, childnet, 

malaria 

0.924 0.615, 1.389 

3 Biostatus, sex, monthage, sexhhh, wealth, childnet, malaria 0.842 0.581, 1.220 

4 Biostatus, sex, monthage, sexhhh, wealth, malaria 0.826 0.627, 1.087 

5 Biostatus, sex, monthage, wealth, malaria 0.853 0.657, 1.107 

6 Biostatus, monthage, wealth, malaria 0.852 0.657, 1.105 

7 Biostatus, monthage, malaria 0.838 0.645, 1.088 

8 Biostatus, malaria 0.804 0.624, 1.036 

9* Biostatus, monthage, agehhh, sexhhh, relst, wealth, childnet, 

malaria 

0.848 0.560, 1.282 

10 Biostatus, monthage, agehhh, sexhhh, wealth, childnet, malaria 0.920 0.615, 1.376 

11 Biostatus, monthage, sexhhh, wealth, childnet, malaria 0.836 0.579, 1.206 

12 Biostatus, monthage, sexhhh, wealth, malaria 0.824 0.626, 1.084 

13 Biostatus, monthage, wealth 0.852 0.657, 1.105 

*Best Model 
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Outcome: Children Slept Under Bednet Last Night 

Full Model with all Interaction Terms with Exposure Variable (biostatus): 

procsurveylogisticdata=childnetmodel ; 

wherechildnet ne .; 

classmonthage(ref='0')  relst (ref='0') wealth (ref='0') /param=ref; 

modelchildnet (event = '1') = biostatus sex monthagesexhhhagehhhrelst 

wealth anemia biostatus*sex 

biostatus*monthagebiostatus*sexhhhbiostatus*agehhhbiostatus*relstbiosta

tus*wealth biostatus*anemia; 

strata HV001; 

cluster HV002; 

weightHHweight; 

run; 

 

Type 3 Analysis of Effects 

Effect DF 
Wald 

Chi-Square 
Pr>ChiSq 

biostatus 1 0.2498 0.6172 

sex 1 1.8554 0.1732 

monthage 3 9.7047 0.0213 

sexhhh 1 0.0855 0.7700 

agehhh 1 4.7838 0.0287 

relst 4 3.6008 0.4627 

wealth 4 6.3537 0.1742 

anemia 1 0.1497 0.6988 

biostatus*sex 1 0.1226 0.7262 

biostatus*monthage 3 2.2003 0.5319 

biostatus*sexhhh 1 0.0710 0.7899 

biostatus*agehhh 1 0.3091 0.5782 

biostatus*relst 4 4.9778 0.2896 

biostatus*wealth 4 2.9910 0.5593 

biostatus*anemia 1 3.3241 0.0683 
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Analysis of Maximum Likelihood Estimates 

Parameter  DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept  1 1.4764 0.3498 17.8136 <.0001 

Biostatus  1 -0.3752 0.7507 0.2498 0.6172 

Sex  1 0.2176 0.1597 1.8554 0.1732 

Monthage 1 1 0.6347 0.2477 6.5678 0.0104 

Monthage 2 1 0.4621 0.2507 3.3964 0.0653 

Monthage 3 1 0.0379 0.1953 0.0377 0.8461 

Sexhhh  1 0.0999 0.3419 0.0855 0.7700 

Agehhh  1 -0.4662 0.2131 4.7838 0.0287 

Relst 1 1 -0.0712 0.4407 0.0261 0.8717 

Relst 2 1 -0.1412 0.6184 0.0521 0.8194 

Relst 3 1 0.0124 0.2340 0.0028 0.9576 

Relst 4 1 -0.8645 0.4700 3.3832 0.0659 

Wealth 1 1 -0.1273 0.3420 0.1386 0.7097 

Wealth 2 1 -0.4968 0.3726 1.7775 0.1825 

Wealth 3 1 -0.5381 0.3645 2.1793 0.1399 

Wealth 4 1 -0.6491 0.3679 3.1125 0.0777 

Anemia  1 -0.0646 0.1671 0.1497 0.6988 

biostatus*sex  1 -0.0998 0.2849 0.1226 0.7262 

biostatus*monthag

e 
1 1 -0.4831 0.4950 0.9528 0.3290 

biostatus*monthag

e 
2 1 0.3629 0.5309 0.4673 0.4942 

biostatus*monthag

e 
3 1 -0.3044 0.3536 0.7412 0.3893 

biostatus*sexhhh  1 0.1292 0.4851 0.0710 0.7899 

biostatus*agehhh  1 -0.2817 0.5066 0.3091 0.5782 
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biostatus*relst 1 1 0.4526 0.8564 0.2793 0.5972 

biostatus*relst 2 1 0.6592 0.9989 0.4355 0.5093 

biostatus*relst 3 1 -0.1760 0.5743 0.0939 0.7593 

biostatus*relst 4 1 1.5348 0.8972 2.9264 0.0871 

biostatus*wealth 1 1 0.4805 0.6093 0.6219 0.4303 

biostatus*wealth 2 1 1.0550 0.6525 2.6144 0.1059 

biostatus*wealth 3 1 0.6053 0.6370 0.9029 0.3420 

biostatus*wealth 4 1 0.2708 0.6448 0.1764 0.6745 

biostatus*anemia  1 -0.5997 0.3289 3.3241 0.0683 

 

 

Association of Predicted Probabilities and Observed 

Responses 

Percent Concordant 63.2 Somers' D 0.273 

Percent Discordant 35.9 Gamma 0.275 

Percent Tied 0.8 Tau-a 0.102 

Pairs 1134036 c 0.636 

 

Assessment of Confounding Using Logistic Regression 

Crude Estimate for Exposure (biostatus) and Outcome (whether children under 5 sleep 

under a bednet) 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 1.1205 0.0924 147.1467 <.0001 

biostatus 1 -0.7800 0.1929 16.3458 <.0001 

 

 

Odds Ratio Estimates 

Effect Point Estimate 95% Wald 
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Confidence Limits 

biostatus 0.458 0.314 0.669 

 

 

Stratification on sex 

Sex=0 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 1.0177 0.1171 75.5674 <.0001 

biostatus 1 -0.7119 0.2330 9.3377 0.0022 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.491 0.311 0.775 

 

Sex=1 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 1.2232 0.1248 96.0362 <.0001 

biostatus 1 -0.8488 0.2403 12.4731 0.0004 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.428 0.267 0.685 
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Stratification on age (months) 

Monthage=0 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 1.0170 0.1030 97.4078 <.0001 

biostatus 1 -0.6281 0.2151 8.5283 0.0035 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.534 0.350 0.813 

 

Monthage=1 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 1.5667 0.2324 45.4607 <.0001 

biostatus 1 -1.0270 0.4087 6.3138 0.0120 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.358 0.161 0.798 

 

 

Monthage = 2 

Analysis of Maximum Likelihood Estimates 
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Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 1.5673 0.1956 64.1881 <.0001 

biostatus 1 -0.8528 0.4643 3.3734 0.0663 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.426 0.172 1.059 

 

Monthage =3 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 1.0987 0.1860 34.8899 <.0001 

biostatus 1 -1.0994 0.3418 10.3455 0.0013 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.333 0.170 0.651 

 

Stratification on age of the head of the household 

Agehhh= 0 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 1.2638 0.1165 117.6110 <.0001 
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biostatus 1 -0.4783 0.4241 1.2718 0.2594 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.620 0.270 1.423 

 

Agehhh= 1 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.7612 0.1432 28.2716 <.0001 

biostatus 1 -0.4828 0.2327 4.3052 0.0380 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.617 0.391 0.974 

 

Stratification on the sex of the head of the household 

Sexhhh= 0 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 1.0937 0.1002 119.0586 <.0001 

biostatus 1 -0.9622 0.2482 15.0320 0.0001 
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Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.382 0.235 0.621 

 

Sexhhh= 1 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 1.2559 0.2307 29.6375 <.0001 

biostatus 1 -0.7447 0.3220 5.3485 0.0207 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.475 0.253 0.893 

 

Stratification on relationship structure of household 

Relst = 0 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 1.1639 0.1202 93.7706 <.0001 

biostatus 1 -0.8850 0.4646 3.6284 0.0568 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.413 0.166 1.026 
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Relst= 1 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 1.2946 0.3562 13.2068 0.0003 

biostatus 1 -0.4010 0.4904 0.6687 0.4135 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.670 0.256 1.751 

 

Relst= 2 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 1.3294 0.2352 31.9521 <.0001 

biostatus 1 -0.2615 0.5582 0.2195 0.6394 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.770 0.258 2.299 

 

 

Relst= 3 

Analysis of Maximum Likelihood Estimates 
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Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 1.0094 0.1645 37.6586 <.0001 

biostatus 1 -0.8756 0.2576 11.5530 0.0007 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.417 0.251 0.690 

 

Relst= 4 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.3244 0.1138 8.1234 0.0044 

biostatus 1 0.7855 0.2053 14.6437 0.0001 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 2.194 1.467 3.280 

 

Stratification on wealth index 

Wealth = 0 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 1.4866 0.2538 34.2980 <.0001 
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biostatus 1 -1.2813 0.3852 11.0645 0.0009 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.278 0.131 0.591 

 

Wealth = 1 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 1.3664 0.1566 76.1022 <.0001 

biostatus 1 -0.8119 0.3875 4.3907 0.0361 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.444 0.208 0.949 

 

Wealth = 2 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 1.0355 0.2053 25.4495 <.0001 

biostatus 1 -0.3341 0.4467 0.5593 0.4545 

 

 

Odds Ratio Estimates 
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Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.716 0.298 1.719 

 

Wealth = 3 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.9655 0.1683 32.9253 <.0001 

biostatus 1 -0.6863 0.3198 4.6057 0.0319 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.503 0.269 0.942 

 

Wealth = 4 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 0.8151 0.1881 18.7871 <.0001 

biostatus 1 -0.9051 0.4261 4.5115 0.0337 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.404 0.175 0.932 
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Stratification on anemia 

Anemia = 0 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 

Pr>ChiS

q 

Intercept 1 1.1205 0.1295 74.8957 <.0001 

biostatus 1 -0.3775 0.2755 1.8767 0.1707 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.686 0.400 1.177 

 

 

Anemia = 1 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 
Pr>ChiSq 

Intercept 1 1.1087 0.1118 98.3296 <.0001 

biostatus 1 -0.9795 0.2297 18.1875 <.0001 

 

 

Odds Ratio Estimates 

Effect Point Estimate 
95% Wald 

Confidence Limits 

biostatus 0.376 0.239 0.589 
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Assessing Confounding with Multiple Predictor Variables using a backwards elimination 

approach 

 Variables in Model OR for 

biostatus 

OR 95% CI 

1 Biostatus, sex, monthage, agehhh, sexhhh, relst, wealth, anemia  

0.591 

0.376, 0.928 

2 Biostatus, monthage, agehhh, sexhhh, relst, wealth, anemia 0.593 0.377, 0.931 

3 Biostatus, monthage, agehhhsexhhh, wealth, anemia 0.573 0.366, 0.896 

4 Biostatus, monthage, agehhh wealth, anemia 0.616 0.403, 0.941 

5 Biostatus, monthage, agehhh anemia 0.646 0.425, 0.981 

6 Biostatus, monthage, agehhh 0.606 0.401, 0.917 

7 Biostatus, sex, monthage, agehhh, sexhhh, relst, anemia 0.611 0.393, 0.952 

8 Biostatus, sex, monthage, agehhh, sexhhh, anemia 0.594 0.382, 0.924 

9 Biostatus, sex, monthage, agehhh, anemia 0.646 0.425, 0.983 

10 Biostatus, sex, monthage, agehhh 0.607 0.401, 0.919 

11* Biostatus, monthage, agehhh 0.606 0.401, 0.917 

12 Biostatus 0.458 0.314, 0.669 

*Best Model 
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Appendix C: Additional Exploratory Analyses 

Usual Residents and Whether a Child Slept in the Household Last Night for Children 

living with Non-Parent Guardians (NPG) and Biological Children 

 Children, n (col, row %)   

 Children living with NPG Biological All P value 

 Col

% 

Wt.% (95%CI) n Col

% 

Wt.% 

(95%CI) 

n   

Usual 

Resident 

       <.0001* 

Yes 93.8 94.4 (92.3, 96.5)  721 99.9 99.9 (99.9, 100) 3345 4066  

No 6.2 5.6 (3.5, 7.7) 48 0.1 0.1 (0.0, 0.15) 4 52  

Slept in 

Household 

Last Night 

       0.0474* 

Yes 98.2 98.4 (97.3, 99.4) 755 96.5 96.8 (95.9, 

97.7) 

3230 3985  

No 1.8 1.6 (0.6, 2.7) 14 3.6 3.2 (2.3, 4.1) 119 133  

Total   769   3349 4118  

*Rao-Scott Chi-square p value, significance determined at a level of 0.05 

 

Biological Status and Age of Children Under 5 Years by Relationship to the Head of the 

Household who are Usual Residents and Slept in the House Last Night (n=3933) 

Biological 

Status 

Relationship to 

Head of HH 

Median Age 

(Years), 

(IQR) 

Median Age 

(Months), 

(IQR) 

Col % Wt. % (95%CI) n 

Biological 
Son or 

daughter 
2 (1-3) 29 (15-44) 82% 83.3 (81.3, 85.3) 3226 

Children 

living 

with NPG 

All Subsets 2 (1-3) 30 (16-44) 18.0% 16.7 (14.7, 18.7) 707 

Total      3933 

 Subsets of Children Living with NPG 

 Grandchild 2 (1-3) 30 (16-43) 84.2 86.2 (82.7, 89.6) 595 

Niece/nephew 

by marriage 
3 (1-4) 

42 (24-50) 
4.7 2.9 (1.8, 4.2) 33 

Other relative 3 (2-4) 37 (26-49) 2.1 2.3 (0.8, 3.9) 15 

Adopted/foster

/step child 
1 (0-2) 

16 (8-33) 
0.9 0.9 (0.1, 1.6) 6 

Not related 3 (1-4) 35 (15-49) 8.2 7.7 (5.1, 10.3) 58 
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Age Distribution by Biological Status for Children Under 5 Years who are Usual Residents 

and Slept in the House Last Night (n=3933) 

 Biological Status  

 Non-Biological Biological  

Age, years Col % n Col % n T test P Value 

0 16.8 119 19.5 630  

1 20.1 142 19.9 643  

2 19.7 139 19.9 642  

3 23.6 167 20.5 661  

4 19.8 140 20.2 650  

Mean, s.d. 2.1, 1.4 2.0, 1.4 0.1692 

Median (IQR) 2 (1-3) 2 (1-3)  

Age, months      

0-5 8.6 61 8.8 284  

6-11 8.2 58 10.7 346  

12-23 20.1 142 19.9 643  

24-59 63.1 446 60.5 1953  

Mean, s.d. 30.2, 16.6 29.6, 17.1 0.3778 

Median (IQR) 30 (16-44) 29 (15-44)  

Total 707 3226  
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Relationship to Head of Household by Biological Status and Subsets with whether a Child 

Slept in the Household Last Night and if they Have a Bednet for Sleeping for Children 

Under 5 Years 

All Children, n=4118   

Relationship to Head of 

Household 

Slept in Household Last Night, 

n (col%) 

Bednet for sleeping, n(col%) 

 Yes No Yes No 

Son or daughter 3230 (81.1) 119 (89.5) 2210 (82.9) 1139 (78.4) 

Grandchild 626 (15.7) 10 (7.5) 369 (13.8) 267 (18.4) 

Niece/nephew 34 (0.9) 1 (0.8) 22 (0.8) 13 (0.9) 

Other relative 21 (0.5) 3 (2.3) 14 (0.5) 10 (0.7) 

Adopted/foster/step 

child 

10 (0.3) 0 7 (0.3) 3 (0.2) 

Not related 64 (1.6) 0 44 (1.7) 20 (1.4) 

Total 3985 133 2666 1452 

 

Non-Biological 

Children, n=769 

  

Relationship to Head of 

Household 

Slept in Household Last Night, 

n (col%) 

Bednet for sleeping, n(col%) 

 Yes No Yes No 

Grandchild 626 (82.9) 10 (71.4) 369 (80.9) 267 (85.3) 

Niece/nephew 34 (4.5) 1 (7.1) 22 (4.8) 13 (4.2) 

Other relative 21 (2.8) 3 (21.4) 14 (3.1) 10 (3.2) 

Adopted/foster/step 

child 

10 (1.3) 0 7 (1.5) 3 (1.0) 

Not related 64 (8.5) 0 44 (6. 20 (6.4) 

Total 755 14 456 313 

 

Biological Children, 

n=3349 

  

Relationship to Head of 

Household 

Slept in Household Last Night, 

n (col%) 

Bednet for sleeping, n(col%) 

 Yes No Yes No 

Son or daughter 3230 (100) 119 (100) 2210 (100) 1139 (100) 
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Age distribution by Malaria Blood Smear Outcome for Children Under 5 Years 

All Children, 

n=3912 

Malaria Blood Smear  

  Positive Negative Rao-Scott 

Chi-

square p 

value 

Age 

(Months) 

 % of 

Total 

Wt.%(95% 

CI) 

n % of 

Total 

Wt.%(95% 

CI) 

n  

 0-5 1.3 1.3 (0.9, 1.7) 51 7.4 6.9 (5.9, 7.9) 288  

 6-11 3.0 3.0 (2.4, 3.6) 119 7.1 6.4 (5.5, 7.3) 277  

 12-

23 

7.5 7.8 (6.7, 9.0) 294 12.6 13.2 (11.8, 

14.7) 

494  

 24-

59 

31.6 30.3 (28.5, 

32.0) 

1235 29.5 31.1 (29.0, 

33.3) 

1154  

Total    1699   2213 <.0001 

 

Non-Biological 

Children, n=741 

Malaria Blood Smear  

  Positive Negative Rao-Scott 

Chi-

square p 

value 

Age 

(Months) 

 % of 

Total 

Wt.%(95% 

CI) 

n % of 

Total 

Wt.%(95% 

CI) 

n  

 0-5 1.2 1.3 (0.5, 2.0) 9 7.4 6.4 (4.5, 8.2) 55  

 6-11 2.0 2.3 (1.1, 3.6) 15 5.8 5.1 (3.6, 6.7) 43  

 12-

23 

8.2 7.6 (5.5, 9.7) 61 11.9 11.7 (8.9, 14.6) 88  

 24-

59 

34.1 33.7 (29.7, 

37.7) 

253 29.3 31.9 (27.7, 

36.0) 

217  

Total    338   403 <.0001 

 

Biological 

Children, 

n=3171 

Malaria Blood Smear  

  Positive Negative Rao-Scott 

Chi-

square p 

value 

Age 

(Months) 

 % of 

Total 

Wt.%(95% 

CI) 

n % of 

Total 

Wt.%(95% 

CI) 

n  

 0-5 1.3 1.3 (0.9, 1.8) 42 7.4 7.0 (5.8, 8.1) 233  

 6-11 3.3 3.1 (2.4, 3.8) 104 7.4 6.7 (5.7, 7.7) 234  

 12-

23 

7.4 7.9 (6.6, 9.2) 233 12.8 13.6 (11.9, 

15.2) 

406  

 24-

59 

31.0 29.5 (27.6, 

31.5) 

982 30.0 31.0 (28.6, 

33.3) 

937  

    1361   1810 <.0001 
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Age distribution by Anemia Level for Children Under 5 Years 

 

 

 

 

 

 

 

 

  

All Children, n=3912 

  Anemia level, adjusted for altitude 

Age 

(Months) 

 
Severe (<7.0 g/dl) Moderate (7-.0-9.9 g/dl) Mild (10.0-10.9 g/dl) 

Not Anemic (>10.9 

g/dl) 

  Col 

% 

n Col % n Col % n Col % n 

 0-5 6.4 12 7.0 101 7.1 59 11.7 170 

 6-11 23.3 44 12.8 184 10.7 89 5.5 79 

 12-23 36.0 68 25.2 363 20.2 168 13.0 189 

 24-59 34.4 65 55.1 795 61.9 514 70.0 1012 

Chi-square p value <.0001 

 

Non-Biological Children, 

n=742 

        

 0-5 5.4 2 7.6 20 6.2 10 11.8 33 

 6-11 13.5 5 10.6 28 9.3 15 3.6 10 

 12-23 37.8 14 25.3 67 21.1 34 12.2 34 

 24-59 43.2 16 56.6 150 63.4 102 72.4 202 

Chi-square p value <.0001 

Biological Children, 

n=3170 

        

 0-5 6.6 10 6.9 81 7.3 49 11.7 137 

 6-11 25.7 39 13.2 156 11.1 74 5.9 69 

 12-23 35.5 54 25.1 296 20.0 134 13.2 155 

 24-59 32.2 49 54.8 645 61.6 412 69.2 810 

Chi-square p value <.0001 
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Whether the Household has a Bednet for Sleeping and Outcome of Malaria Blood Smear Reading 

All Children  Malaria, n (col%, row %)  

  Yes No Total 

Have bednet for 

sleeping 

Yes 976 (59, 40) 1490 (69, 60) 2466 

No 690 (41, 51) 667 (31, 49) 1357 

 Total 1666 2157  

Chi-square :<.0001, OR (95% CI): 0.63 (0.55, 0.72) 

Observations missing malaria indicator: Yes Bednet n=73, No Bednet n=37 

Non-Biological 

children 

 Malaria, n (col%, row %)  

  Yes No Total 

Have bednet for 

sleeping 

Yes 155 (49, 39) 247 (66, 61) 402 

No 163 ( 51, 57) 125 (34, 43) 288 

 Total 318 372 690 

Chi-square :<.0001, OR (95% CI): 0.48 (0.35, 0.66) 

Observations missing malaria indicator: Yes Bednet n=9, No Bednet n=8 

Biological 

Children 

 Malaria, n (col%, row %)  

  Yes No Total 

Have Bednet for 

sleeping 

Yes 821 (61, 40) 1243 (70, 60) 2064 

No 527 (39, 49) 542 (30,51) 1069 

 Total 1348 1785 3133 

Chi-square :<.0001, OR (95% CI): 0.68 (0.59, 0.79) 

Observations missing malaria indicator: Yes Bednet n=64, No Bednet n=29 
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Whether the Household has a Bednet for Sleeping and Anemia Level Adjusted for Altitude 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All Children, n=3912 ( Observations missing malaria indicator: Yes Bednet n=70, No Bednet n=40) 

 Anemia level, adjusted for altitude 

Have 

bednet for 

sleeping 

Severe (<7.0 g/dl) Moderate (7-.0-9.9 g/dl) 
Mild (10.0-10.9 

g/dl) 

Not Anemic (>10.9 

g/dl) 
Total 

 Col % n Col % n Col % n Col % n  

Yes 52 97 62 881 64 522 69 969 2469 

No 48 88 38 532 36 295 31 439 1354 

Total  185  1413  817  1408 3823 

Chi-square p value <.0001 

Non-Biological Children, n=691 ( Observations missing malaria indicator: Yes Bednet n=8, No Bednet n=8) 

 Anemia level, adjusted for altitude 

Have 

bednet for 

sleeping 

Severe (<7.0 g/dl) Moderate (7-.0-9.9 g/dl) 
Mild (10.0-10.9 

g/dl) 

Not Anemic (>10.9 

g/dl) 
Total 

 Col % n Col % n Col % n Col % N  

Yes 46 16 57 140 59 91 61 156 403 

No 54 19 43 104 41 64 39 101 288 

Total  35  244  155  257 691 

Chi-square p value 0.3938 

Biological Children, n=3132 ( Observations missing malaria indicator: Yes Bednet n=62, No Bednet n=32) 

 Anemia level, adjusted for altitude 

Have 

bednet for 

sleeping 

Severe (<7.0 g/dl) Moderate (7-.0-9.9 g/dl) 
Mild (10.0-10.9 

g/dl) 

Not Anemic (>10.9 

g/dl) 
Total 

 Col % n Col % n Col % n Col % n  

Yes 54 81 63 741 65 431 71 813 2066 

No 46 69 37 428 35 231 29 338 1066 

Total  150  1169  662  1151 3132 

Chi-square p value <.0001 



96 

 

 
 

 

Whether the Household has a Bednet for Sleeping and Anemia Outcome 

 

All Children  Anemia, n (col%, row %)  

  Yes No Total 

Have bednet for 

sleeping 

Yes 1500 (62, 61) 969 (69, 39) 2469 

No 915 (38, 68) 439 (31, 32) 1354 

 Total 2415 1408 3823 

Chi-square :<.0001, OR (95% CI): 0.74 (0.65, 0.85) 

Observations missing malaria indicator: YesBednet n=70, No Bednet n=40 

Non-Biological 

Children 

 Anemia, n (col%, row %)  

  Yes No Total 

Have bednet for 

sleeping 

Yes 247 (57, 61) 156 (61, 39) 403 

No 187 (43, 65) 101 (39, 35) 288 

 Total 434 257 691 

Chi-square : 0.3290, OR (95% CI): 0.86 (0.62, 1.2) 

Observations missing malaria indicator: YesBednet n=8, No Bednet n=8 

Biological 

Children 

 Anemia, n (col%, row %)  

  Yes No Total 

Have bednet for 

sleeping 

Yes 1253 (63, 61) 813 (71, 39) 2066 

No 728 (37, 68) 338 (29, 32) 1066 

 Total 1981 1151 3132 

Chi-square :<.0001, OR (95% CI): 0.72 (0.61, 0.84) 

Observations missing malaria indicator: YesBednet n=62, No Bednet n=32 
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Treatment and Disease Indicators for Children under 5 Years who are Usual Residents or 

Visitorsin Woman’s Questionnaire (n=3454) 

*2116 observations missing 

** 1835 observations missing 

*** 1835 observations missing 

 

Had Fever in the Last Two 

Weeks 
n (col %) Wt. % (95% CI) 

Yes 1619 (47) 51 (49, 53) 

No 1792 (52) 47 (45, 50) 

Don’t Know 7 (0.2) 0.2 (0.02, 0.4) 

Code-9 (Missing value) 36 (1.0) 1.4 (0.6, 2.1) 

Place first sought treatment 

for fever, top 3*  

  

Code- 12 (can’t find code) 419 (31) 29 (26, 32) 

Government Hospital 325 (24) 28 (24, 31) 

Government Health Center 179 (10) 14 (11, 17) 

   

Days after fever sought advice 

or treatment*  

  

0 301 (23) 18 (16, 21) 

1 375 (28) 31 (27, 35) 

2 345 (26) 25 (22, 28) 

3 186 (14)  

>3 131 (9)  

Child has fever/cough now **   

Yes 776 (43) 47 (43, 51) 

No 700 (43) 42 (38, 46) 

Don’t Know 65 (4) 4 (3, 6) 

Code-9 (Missing value) 78 (5) 6 (4, 9) 

Medication taken for 

fever/cough ***- 

  

Fansidar 75 (5) 5 (3, 7) 

Chloroquine 194 (12) 12 (9, 14) 

Quinine 321 (20) 19 (17, 22) 

Combination w/artemisinin 400 (25) 23 (20, 27) 

Chloroquine w/fansidar 19 (1) 1 (0.4, 2) 

Homepak red 5 (0.3) 0.5 (0, 1) 

Other 38 (2) 2 (1, 3) 

What causes malaria: 

mosquito bites 

  

Yes 2897 (84) 85 (83, 87) 

Are there ways to avoid 

getting malaria? 

  

Yes 2926 (85) 84 (82, 86) 
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Appendix D: MIS Household Questionnaire 
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Appendix E: MIS Woman’s Questionnaire 
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