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Abstract: 
One in five Zambian children lives with an HIV/AIDS-infected adult. We estimate the effect that 
the availability of adult antiretroviral therapy (ART) has on the health of such children. Using a 
triple difference specification, we find that adult access to ART resulted in increased weight-for-
age and decreased incidence of stunting among children younger than 60 months who resided 
with an infected father or other infected adult in an intact household. Because the increased 
availability of adult ART in sub-Saharan Africa has multigenerational effects, cost-effectiveness 
estimates restricted to direct recipients understate the economic benefit of the treatment. 

 
 

HIV/AIDS is a leading cause of mortality and morbidity in sub-Saharan Africa. In 

Zambia, the location of the current study, HIV prevalence among prime aged adults was 

approximately 14 percent in 2007. Adult infections can have substantial negative effects on the 

health of children in the same household (Cluver 2011), and one in five children resided with an 

infected adult. Since HIV/AIDS has no cure, the centerpiece of the treatment response in low-

income countries has been to increase the availability of subsidized antiretroviral therapy (ART). 

With the help of substantial international support, ART now reaches almost 40 percent of 

eligible individuals in sub-Saharan Africa (UNAIDS 2010), benefiting infected individuals and 

potentially their children. Because infant and child health can have lifetime effects on human 

capital accumulation (e.g. Almond and Curry 2010; Lucas 2010), the ability of adult ART to 

improve the health of children is central to understand the cost effectiveness of ART and the 

future development prospects of heavily infected countries. This paper uses the expansion of 

subsidized adult ART availability in Zambia as a quasi-experiment to study the effect of this 
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availability on the anthropometrics of children in a household with an HIV positive adult. 

 Prior work on large scale ART availability in sub-Saharan Africa has focused primarily 

on adult outcomes with no estimates of the effects of availability on directly measured child 

health (e.g. Bendavid et al. 2011, Baranov and Kohler 2012, Baranov et al. 2012, Friedman 

2012). Based on a smaller scale intervention, Graff Zivin et al. (2009) used data from patients 

who sought and followed-up with ART treatment in a clinic in rural Kenya and found the 

initiation of ART by adults improved the anthropometrics their children. 

 We examine the effect of adult ART availability on the anthropometrics of children aged 

0-5 years using the scale-up in Zambia as a quasi-experiment. Between 2001 and 2007, adult 

ART went from being virtually nonexistent in Zambia to being affordable and available at 

approximately 300 health facilities. We combine this expansion in treatment availability with 

two household surveys that contain HIV status of adult respondents in a triple difference 

specification –controlling for both time invariant and time varying differences between locations 

that did and did not receive subsidized ART, relying on the differences between households with 

likely HIV positive and negative adults for identification. 2 We find that the local introduction of 

ART led to children with likely HIV positive fathers having a higher weight-for-age and a lower 

probability of being severely underweight. We find similar effects for children in households 

with likely HIV positive mothers or household heads only after we condition on households with 

a co-resident father. These results suggest that the availability of adult ART as is typically scaled 

up (without enforced treatment uptake or adherence) increases the health of children, but might 

not be sufficient to overcome additional hurdles faced by non-intact households. Additionally, 

current cost effective estimates of adult ART that ignore benefits to children are incomplete. Our 
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results are realistic estimates of what could be expected in other scale-up programs where ART 

is made available, but individuals are responsible for seeking and adhering to care.  

I. Background and Setting 

Prior to 2001, almost no health facilities in Zambia offered ART, and those few that did 

charged prices unaffordable to the population. In 2003, the government of Zambia, with donor 

support, began to expand access to fully subsidized ART, first introducing it in the major urban 

areas and expanding access in other urban areas and rural areas along the main transportation 

network. By 2007, approximately 40 percent of households were within the treatment radius of 

an ART clinic. 

The implemented ART drug regimen increases life expectancy, reduces the incidence of 

opportunistic infections (e.g. tuberculosis and pneumonia) that could be spread to other 

household members, leads to weight gain, and increases labor supply (Thirumurthy et al. 2008 

and summary in the same). In the absence of treatment, an infected individual can live roughly 

10 years, with a severe increase in morbidity occurring in the last 2 years of life. 

II. Conceptual Framework and Empirical Strategy 

The availability of fully subsidized adult ART could have important indirect effects on 

children due to the improved health of the treated adult. First, increased income or agricultural 

production could improve household nutrition. Second, treatment expenditures could be re-

allocated to nutrition. Third, treated adults would not have contagious opportunistic infections 

that the children could contract. Fourth, having treatment available could improve mental health 

in the household (Baranov et al. 2012). Our estimates are the sum of all potential effects, any of 

which could be differential by gender or familial relationship, on both short and longer term 

nutritional intake.  
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 The primary conceptual difficulties in estimating the effect of adult ART on children’s 

anthropometrics are the non-random selection into treatment and the non-random expansion of 

ART availability. Our empirical strategy overcomes both of these obstacles. First, we are not 

estimating effects only for those who have sought or are adhering to treatment. Our estimates 

are, by design, the effect of the widespread scale-up of ART availability, averaged over those 

who seek, and those who do not seek treatment. Second, our triple difference specification in 

which we combine the typical difference-in-differences spatial and temporal variation in ART 

availability with a third difference of HIV status allows us to control for all differences over time 

between locations that did and did not receive ART, relying on differential changes in children’s 

health due to the HIV status of household adults for identification. Therefore, we can identify the 

effect on children, net of the (potentially time varying) characteristics that caused one location to 

receive subsidized ART before another. 

Formally, we combine two national household surveys, one prior to the scale-up of 

subsidized ART (2001) and one part way through the national scale-up (2007), with exact clinic 

locations and estimate 

+++++= tjijttjijtijt postARTHIVPpostARTHIVPhealth 321)**( γγγβα  

ijtijttjtijtjijt districtXpostARTpostHIVPARTHIVP εηγγγ ++Γ+++ '
654 )*()*()*(       (1) 

 
where ijthealth  is our anthropometric measure for child i in location j in year t, HIVP is a dummy 

variable equal to one if the reference adult in the household is HIV positive, ART is a dummy 

variable equal to one if a subsidized ART was available within 10km of the household’s location 

prior to the household survey in 2007 (effectively an “ever ART” measure), post is a dummy 

variable equal to one for the households surveyed in 2007, X’ includes additional individual and 

household level covariates (indicator variables for child’s age in months, birth order, and gender; 
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the reference adult’s marital status, age, and years of education; month of survey and urban/rural 

indicators; and normalized household wealth), districtη  are district fixed effects, and ijtε  is the 

idiosyncratic error term that allows intra- but not inter-district correlation.  

β , our coefficient of interest, is the causal effect of adult ART availability on child 

health, capturing the incremental effect of the availability of ART on children in HIV positive 

households, net of effects on children in the same location at the same time who were living in 

HIV negative households and of effects on children who were living in HIV positive households 

in locations for which ART was not available prior to the 2007 household survey. The 

identifying assumption is that ART availability was not determined by differential trending of 

children’s health in HIV positive versus HIV negative households. The spread of ART along 

transportation networks suggests this assumption is satisfied.3  

III. Data 

We combine unique data on exact clinic location and timing of ART availability from the 

Zambian HIV/AIDS services panel collected by Wilson (2012) with two national household 

level Demographic and Health Surveys (DHS) surveys collected in 2001 and 2007. The DHS 

data include the anthropometrics of children aged 0 to 5; the HIV status, education in years, and 

marital status of adults in the household; and the GPS coordinates of the centroid of the statistical 

enumeration area for each household.  

Based on the geographic location of households and clinics we determine the initial date 

that each household was within 10km of a clinic with ART service. Since the full benefits of 

ART to health and labor market participation occur with a delay (Thirumurthy et al. 2008), we 
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consider households with ART availability at least 6 months prior to the 2007 survey as ever 

having ART available. 

 Our anthropometric measures are weight-for-age z-scores and a wasting indicator to 

measure short-term nutritional status and height-for-age z-scores and a stunting indicator to 

measure longer term malnutrition. We define the z-scores using the WHO 2006 growth standards 

and the weight, length, and age in months in the DHS.4 As is convention, we define individuals 

as wasted (stunted) if their weight-(height-)for-age is more than 2 standard deviations below the 

reference median. The sample population exhibited substantial malnutrition in 2001 with average 

weight-for-age and height-for-age z-scores of -0.99 and -1.93, respectively. 

 As a part of the two DHS surveys, a sub-sample women aged 15-49 and men aged 15-59 

were tested for HIV. Unfortunately, in the 2001 DHS only one half of surveyed households were 

selected to be tested and for privacy reasons HIV status cannot be directly attributed to an 

individual or at a geographically more refined level than a province. The 2007 DHS has 

substantially better coverage, and we can map HIV status to individuals as well as age group–

gender–district cells. In order to maximize geographic and individual precision, we use the HIV 

status of tested individuals where possible and assign HIV status to the rest of the adult sample at 

the age group–gender–district cell level.5 Therefore, our measure of HIV status is the likely HIV 

status of each adult. In each specification we consider the HIV status of a single adult member of 

the household, the reference adult. 

  

                                                        
4 We remove observations with z-scores in the top and bottom 1% of the sample to remove obvious outliers. The inclusion of these observations 
results in less precise, but substantively similar, estimates of our coefficients of interest. Removed individuals are included in the regressions with 
stunting or wasting as dependent variables. 
5 An alternative determination of HIV status would be to use age group–gender–district for all individuals. This method generates substantially 
similar results, estimated with less precision. 



 7 

IV. Results 

We estimate separate effects of local ART availability on children’s anthropometrics 

based on the likely HIV status of three different reference adults: the child’s household head, 

mother, and father.6 

TABLE 1— EFFECT OF ADULT ART ON CHILDREN'S ANTHROPOMETRICS 
 All Children with Relevant Family Member 
 Weight For Age Z-Score  Height for Age Z-Score 

 
Household  

Head Mother Father  Household  
Head Mother Father 

  (1) (2) (3)  (4) (5) (6) 
        

HIV Positive X ART Ever Available 
X Post 

0.143 0.067 0.674**  0.293 -0.128 0.083 
(0.306) (0.232) (0.326)  (0.410) (0.393) (0.438) 

        

HIV Positive 0.059 0.062 0.135  0.151 -0.289 0.211 
(0.125) (0.149) (0.145)  (0.194) (0.243) (0.237) 

        

ART Ever Available 
0.046 0.035 0.087  0.051 0.023 0.056 

(0.080) (0.065) (0.082)  (0.115) (0.099) (0.109) 
        

Post 
1.084*** 1.143*** 1.231***  1.868*** 1.787*** 1.808*** 
(0.208) (0.209) (0.240)  (0.373) (0.351) (0.385) 

        

HIV Positive X ART Ever Available -0.212 -0.146 -0.489*  -0.261 0.138 -0.104 
(0.278) (0.217) (0.293)  (0.370) (0.380) (0.375) 

        

HIV Positive X Post -0.004 -0.053 -0.215  -0.228 0.097 -0.243 
(0.129) (0.168) (0.148)  (0.232) (0.269) (0.278) 

        

ART Ever Available X Post -0.066 -0.041 -0.157  -0.102 -0.075 -0.118 
(0.104) (0.088) (0.106)  (0.158) (0.127) (0.139) 

        

Observations 9,755 10,794 8,000  9,688 10,728 7,959 
Rsquared 0.14 0.13 0.14  0.17 0.17 0.18 
Notes: Standard errors clustered at the district level appear in parenthesis. Each column uses the likely HIV status of the reference 
adult indicated at the top of the column. The sample is limited to children under 60 months old with valid anthropometric data and 
likely HIV status for the reference household member. All columns include dummy variables for age in months, birth order, 
district, month of survey, urban, and female; age and years of education of the reference adult, a dummy variable equal to one if the 
reference adult is married, and normalized household wealth. ART Ever Available = 1 for households in locations with ART 
availability 6 months prior to the 2007 survey. Post = 1 for observations from the 2007 survey. * significant at 10%; ** significant 
at 5%; *** significant at 1%. 

 
In columns 1-3 of Table 1, we report results from the estimation of Equation 1 with a 

child’s weight-for-age z-score as the dependent variable. Each column uses a different member 

of the household as the reference individual for adult HIV status.7 In all cases the point estimate 

on the triple interaction (i.e., HIV Positive X ART Ever Available X Post) is positive. This point 

estimate is only statistically significant for father’s status, indicating that local ART availability 
                                                        
6 The household heads are mostly the mother or father, but s/he could be any related or non-related adult. To increase the sample size, we use a 
broad definition of “father” that includes the child’s mother’s husband even though he might not be the biological father. 
7 Each sample is limited to individuals with the relevant reference adult in the household. Children living in households with a reference adult 
outside of the testing age range are not included in the column for that reference adult. 
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increased the weight-for-age of children 0-5 in households with fathers who were likely HIV 

positive (column 3).8 

 In columns 4-6 we repeat this analysis using height-for-age as the dependent variable. In 

contrast to weight-for-age, a measure of short-term nutritional status, the point estimates on the 

triple interaction in columns 4-6 are statistically insignificant at conventional levels. As height-

for-age is a measure of longer-term nutritional status, it should be less responsive to short term 

changes in local ART availability.9 

TABLE 2— EFFECT OF ADULT ART ON CHILDREN'S ANTHROPOMETRICS IN INTACT HOUSEHOLDS 

 Children with a Father in the Household 
 Weight For Age Z Score  Wasted 

 
Household  

Head Mother 
 

Household 
Head Mother Father 

  (1) (2)  (3) (4) (5) 
       

HIV Positive X ART Ever Available X Post 0.574* 0.478*  -0.172* -0.184* -0.220** 
(0.317) (0.284)  (0.100) (0.092) (0.099) 

       

HIV Positive 0.172 0.387**  -0.063 -0.140** -0.076 
(0.135) (0.167)  (0.055) (0.058) (0.058) 

       

ART Ever Available 0.084 0.095  -0.019 -0.025 -0.025 
(0.081) (0.075)  (0.023) (0.023) (0.022) 

       

Post 1.188*** 1.254***  -0.204** -0.181** -0.217** 
(0.239) (0.245)  (0.082) (0.081) (0.084) 

       

HIV Positive X ART Ever Available -0.467 -0.501**  0.169* 0.183** 0.201** 
(0.287) (0.245)  (0.092) (0.089) (0.090) 

       

HIV Positive X Post -0.155 -0.317  0.067 0.144** 0.092 
(0.137) (0.202)  (0.053) (0.062) (0.056) 

       

ART Ever Available X Post -0.137 -0.121  0.034 0.034 0.045 
(0.105) (0.096)  (0.030) (0.028) (0.030) 

       

Observations 7,911 8,205  8,299 8,614 8,398 
Rsquared 0.14 0.14   0.06 0.06 0.06 
Notes: Standard errors clustered at the district level appear in parenthesis. The sample is limited to children under 60 months 
old with valid anthropometric data, likely HIV status for the reference adult, and a father in the household. Other notes and 
controls as in Table 1. Columns 3-5 are linear probability models. * significant at 10%; ** significant at 5%; *** significant at 
1%. 

 
In Table 1 the sample varied with the presence of a reference adult in the household. 

Therefore, the differential findings by reference adult could be driven by sample selection or 

                                                        
8 In Table 1, we also find a strong statistical relationship between “Post” and improved nutritional status, reflecting the nationwide improvement 
in living standards between 2001 and 2007. We do not find a statistically significant coefficient on “ART Ever Available” despite the non-
random scale-up of ART availability, indicating that, conditional on district and urban/rural fixed effects and other controls, children had the 
same average anthropometrics in 2001 regardless of whether ART would become available prior to 2007. 
9 Only half our sample was within the treatment radius more than 2 years prior to the 2007 survey with about 25% first within a radius 6-12 
months prior to the survey. Given potential enrollment, access, and informational delays, a lack of an effect for height is not surprising and serves 
as a placebo test. 
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differential effects of ART availability. Columns 1 and 2 of Table 2 repeat Table 1 using the 

restricted sample of children who resided with their fathers and the reference adult, a sample 

analogous to column 3 of Table 1. Conditional on the father residing in the household, local ART 

availability appears to increase child weight-for-age when either mothers or household heads are 

likely in need of the available treatment.10 Similar to the results presented using the full sample, 

local ART availability does not affect height-for-age (results not presented). The differential 

effects by household structure suggest that the impact of local ART availability on child health 

might be mediated by either household structure or the familial relationship of the child to the 

infected adult.  

To test for the effect of ART availability on extreme malnutrition, columns 3 to 5 of 

Table 2 use a linear probability model to examine the effects of local ART availability on the 

likelihood of wasting over the sample of children with resident fathers. We find that local ART 

availability reduced the likelihood of extreme malnutrition for children living with a co-

residential father and an adult who was likely infected with HIV.11  

V. Discussion and Conclusion 

HIV/AIDS has the potential to devastate the health of infected adults and their affected 

children. Despite the importance of children as the future drivers of economic development and 

the centrality of antiretroviral therapy (ART) as the current treatment response, the evidence on 

the effects of ART provision at-scale on the affected children is scant. We examine the effects of 

the Zambia national ART program on the anthropometrics of children age 0-5 living in 

households with infected adults. Our estimates suggest that local ART availability increased 

weight-for-age, a measure of short-term nutritional status, of children in likely HIV positive 

                                                        
10 The HIV status of fathers and other household adults are positively, but not perfectly correlated. Therefore, these estimates could be further 
evidence of the importance of paternal treatment. 
11 In results not presented, we do not find an effect of likely HIV status on stunting. 
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households in which a father was present. Further research will explore the potential mechanisms 

behind this finding.12 
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