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Abstract
Background
Because of the high under-five mortality rate, the government in Zambia has adopted the World Health Organization (WHO) policy on child delivery which insists on professional maternal care. However, there are scholars who criticize this policy by arguing that although built on good intentions, the policy to ban traditional birth attendants (TBAs) is out of touch with local reality in Zambia. There is lack of evidence to legitimize either of the two positions, nor how the outcome differs between women with HIV and those without HIV. Thus, the aim of this paper is to investigate the effect of using professional maternal care or TBA care by mothers (during antenatal, delivery, and postnatal) on under-five mortality of their children. We also compare these outcomes between HIV-positive and HIV-negative women.

Methods
By relying on data from the 2013–2014 Zambia Demographic Health Survey (ZDHS), we carried out propensity score matching (PSM) to investigate the effect of utilization of professional care or TBA during antenatal, childbirth, and postnatal on under-five mortality. This method allows us to estimate the average treatment effect on the treated (ATT).

Results
Our results show that the use of professional care as opposed to TBAs in all three stages of maternal care increases the probability of children surviving beyond 5 years old. Specifically for women with HIV, professional care usage during antenatal, at birth, and during postnatal periods increases probability of survival by 0.07 percentage points (p.p), 0.71 p.p, and 0.87 p.p respectively. Similarly, for HIV-negative women, professional care usage during antenatal, at birth, and during postnatal periods increases probability of survival by 0.71 p.p, 0.52 p.p, and 0.37 p.p respectively. However, although there is a positive impact when mothers choose professional care over TBAs, the differences at all three points of maternal care are small.

Conclusion
Given our findings, showing small differences in under-five child’s mortality between utilizers of professional care and utilizers of TBAs, it may be questioned whether the government’s intention of completely excluding TBAs (who despite being outlawed are still being used) without replacement by good quality professional care is the right decision.
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Background
Following the western-influenced evidence-based biomedical approach and the World Health Organization (WHO) policy on child delivery which insists on skilled delivery, most countries in Sub-Saharan Africa (SSA) have moved to exclude traditional birth attendants (TBAs) in preference for institutional care [1]. Nowhere else is this more evident than in Zambia where TBAs were officially excluded from the line of care in 2010 [2–4].
Proponents of institutional care argue that opportunistic infections such as malaria, tuberculosis, and delicate complications that mothers face during antenatal, child birth, and postnatal periods require the attention of trained personnel, especially for women with HIV. This is in order to ensure better management of postpartum hemorrhage, pre-eclampsia, and neonatal sepsis including prevention of mother to child transmission (PMTCT) [4, 5]. Scholars from this school of thought argue that the low utilization of skilled attendants in Zambia has led to unacceptably high maternal, neonatal, infant, and under-five mortality [6–9]. This is worsened by high HIV rates among women of reproductive age (15–49 years old) which currently stands at 16.1% in Zambia [6]. Evidence from Zambia indicates that children born from women with HIV are more likely to die before reaching the age of 5 than those born from HIV-negative mothers [7, 10, 11]. As an antidote to this predicament, proponents of institutional care have been calling for mandatory skilled attendance during antenatal, childbirth, and postnatal periods especially for women with HIV [12]. This is in order to ensure consistent uptake of antiretroviral treatment and any necessary surgical procedures to reduce the child’s chances of dying before reaching age five.
There are however other scholars who criticize the Zambian government’s policy on TBAs by suggesting that although built on good intentions, the policy to exclude TBAs is out of touch with reality in Zambia and contributes to high maternal, neonatal, infant, and under-five mortality rates in the country [2, 3, 13, 14]. Excluding TBAs who in most cases are the only feasible source of maternity care in preference for ideally better trained but unavailable professionals is counterproductive [2]. These scholars intimate that the Zambian health system is too weak to sustain the government’s policy of strict institutional care. For example, Lukonga and Michelo [12] posit that Zambia has poorly equipped and overcrowded health institutions which lack sufficient numbers of technically skilled personnel. This makes professional care ideal but not practical. A combination of all these shortcomings compromises the care for pregnant women, and subsequently the survival of their children beyond the age of 5 [11]. This is why despite the government directive to exclude TBAs in preference for professional care, many women in Zambia have continued to utilize TBAs [2, 15].
Further, despite the forgoing two conflicting positions, there is a lack of evidence to legitimize either of the two positions [12, 16]. It is not yet known whether in the Zambian case, utilization of skilled professionals as opposed to TBAs during antenatal, childbirth, and postnatal periods significantly reduces under-five mortality [13]. It is also not yet known if on the basis of type of care, the resulting under-five mortality outcomes are similar for women with HIV and those who are HIV negative. There are no studies that specifically focus on comparing the differences in outcomes on the basis of utilizing skilled care or TBAs during the continuum of maternal care for women with HIV and those without HIV [5, 13, 17].
The expectation however is that in both HIV-negative women and women with HIV, skilled care along the continuum of maternal care would reduce the chances of under-five mortality [18]. It is expected that the impact will be higher for women with HIV [18]. This is because skilled care allows women with HIV (who are more vulnerable) to access life-saving antiretroviral treatment, cesarean birth, and continuation of antiretroviral treatment which promote PMTCT and ultimately reduce under-five mortality [19]. However, the extent to which this is evident in Zambia is still unclear [20]. It is vital to provide evidence on the causal nature of this relationship and clearly demonstrate how in the context of Zambia, utilization of skilled attendants affects under-five mortality for women with HIV and how this differs for HIV-negative women. This delineation will serve as a first step towards the formulation of context-specific and effective policy to reduce under-five mortality in Zambia [16]. Thus, the aim of this paper is to investigate and compare the effect of utilization of professional maternal care (or TBA care) during antenatal, delivery, and postnatal periods on under-five mortality in women with HIV and in HIV-negative women.

Methods
Data
We used the 2013–2014 Zambia Demographic Health Survey (ZDHS). The ZDHS included data demographic and health indicators for women who were aged between 15 and 49 years during the survey. Regarding HIV test results, the HIV data were obtained by collecting blood samples during interviews from consenting participants which were later tested for HIV. The HIV data were however not publicly available. The data were only availed to us after obtaining ethical clearance from the Zambia ethics board, the Ministry of Health of Zambia, and the ZDHS team. This was followed by signing a confidentiality form to treat the data with strict confidentiality. We then linked the HIV data to the rest of the ZDHS data based on unique IDs as instructed and recommended by the ZDHS team.
From the main ZDHS dataset on all women (aged 15 to 49), we selected a sub-sample of women who had stated that they had given birth at least once in the last 5 years preceding the survey and who consented to having an HIV test. If the respondents did not consent to testing using their sample, their HIV statuses were left unstated in the data and treated as missing [6]. The final sample and the associated data are shown in Table 1. These data enabled us to investigate the effect of utilizing professional maternal care (or TBAs) during antenatal, childbirth, and postnatal periods on under-five mortality of children for both women with HIV and those without HIV.Table 1Summary of characteristics (differences and similarities) between HIV-positive and HIV-negative populations


	Variable (N = 12, 225)
	Frequency
	Valid percentage (%)
	(t) and (χ2)

	 	 	HIV+
	HIV−
	HIV+
	HIV−
	 
	Type of residence
	Urban
	1014
	4752
	48.66
	47.85
	103.151***

	Rural
	1098
	5359
	51.34
	52.15
	17.117***

	Total
	2113
	10, 112
	 	 	 
	Religion
	Catholic
	369
	1792
	17.47
	17.72
	17.011***

	Protestant
	1722
	8209
	81.50
	81.19
	13.060***

	Muslim
	10
	50
	0.45
	0.49
	1.251**

	Other
	12
	62
	0.58
	0.60
	0.015***

	Total
	2113
	10,112
	 	 	 
	Education
	No education
	165
	1187
	7.8
	11.74
	23.110***

	Primary
	951
	5747
	45.54
	56.83
	9.463***

	Secondary
	845
	2811
	40.50
	27.80
	16.717***

	Higher
	128
	404
	6.11
	4.01
	76.701***

	Total
	2113
	10,112
	 	 	 
	Wealth index
	Poorest
	374
	1742
	17.72
	17.23
	121.123***

	Poorer
	364
	1866
	17.23
	18.45
	10.104***

	Middle
	464
	2154
	21.50
	21.24
	12.330***

	Richer
	467
	2053
	21.37
	20.91
	8.145***

	Richest
	468
	2225
	22.17
	22.18
	109.204***

	Total
	2113
	10,112
	 	 	 
	Age
	Age 15–25
	972
	4045
	46
	40.61
	111.020**

	Age 26–35
	592
	3235
	28
	32.26
	20.511***

	Age 36–45
	549
	2732
	26
	27.14
	0.500**

	Total
	2113
	10,112
	 	 	 
	Health insurance
	No health insurance
	2066
	9808
	97.82
	97.40
	91.166**

	With health insurance
	46
	303
	2.18
	2.60
	76.661***

	Total
	2113
	10,112
	 	 	 
	Availability of drugs in facility
	Big problem
	586
	4142
	27.74
	40.96
	10.221***

	Not a big problem
	1527
	5970
	72.26
	59.04
	12.770***

	Total
	2113
	10,112
	 	 	 
	Distance to facilitates
	Big problem
	795
	4348
	37.64
	43.95
	2.091***

	Not a big problem
	1318
	5764
	63.26
	59.05
	12.413**

	Total
	2113
	10,112
	 	 	 
	Attitude of health professionals
	Big problem
	549
	3369
	26.40
	33.32
	8.543***

	Not a big problem
	1564
	6743
	73.60
	66.68
	4.500***

	Total
	2113
	10,112
	 	 	 
	Choice of care at antenatal
	TBA
	486
	2375
	23.00
	23.49
	0.828***

	Health professional
	1527
	7737
	77.00
	76.51
	2.798***

	Total
	2113
	10,112
	 	 	 
	Choice of care at birth
	TBA
	448
	2124
	21.10
	21.00
	16.223***

	Health professional
	1665
	7989
	78.90
	79.00
	18.123***

	Total
	2113
	10,112
	 	 	 
	Choice of care at postnatal
	TBA
	507
	2395
	24.01
	23.68
	13.352***

	Health professional
	1606
	7718
	75.09
	76.32
	19.113***

	Total
	2113
	10,112
	 	 	 
	Child is still alive
	Yes
	1860
	9696
	88.02
	95.89
	103.991***

	No
	253
	416
	11.98
	4.11
	11.441***

	Total
	2113
	10,112
	 	 	 

Reported p values are based on t tests of means for continuous variables and chi-squares for proportions/categorical variables
***p < 0.01
**p < 0.05
*p < 0.10




Estimation
Propensity score matching (PMS) was applied to investigate the effect of utilizing professional care or TBA during antenatal, childbirth, and postnatal periods on under-five mortality. This method allows us to calculate the average treatment effect on the treated (ATT). We do this at three different stages (antenatal, childbirth, and postnatal) for both women with HIV and HIV-negative women giving us six different PSM investigations.
More specifically, we investigated (a) the effect of utilizing either professional care or TBAs during antenatal among women with HIV (and those without HIV) on under-five mortality, (b) the effect of utilizing either professional care or TBAs during childbirth among women with HIV (and those without HIV) on under-five mortality, and (c) the effect of utilizing either professional care or TBAs during postnatal among women with HIV (and those without HIV) on under-five mortality.
The propensity score was estimated using a probit regression with the following confounders: age at the most recent birth of the woman, total number of children, mother’s level of education, mother’s employment status, household wealth, whether the woman resides in an urban or rural area, religion, ethnicity, distance to nearest health facility, and access to health insurance. The selection of variables was guided by theory and consensus in extant empirical literature regarding what factors are likely to influence women to access professional care [21, 22].
We generated the propensity scores by using STATA. This means we used PSM to enable us to statistically create a control group (women with HIV/HIV-negative women who utilize TBAs) by matching the observed characteristics of the treated participants (women with HIV/HIV-negative women who utilize skilled attendants) to the control group. This is done on the basis of similar values of the propensity score [23]. Heckman et al. [24] defined PSM as the probability of selection into the treated group, which in this case means the probability of utilizing professional care. It is also important to note that the “unbiased inference” which arises from propensity score matching is based on the assumption that the potential outcomes are independent of treatment assignment conditional on observable characteristics [25]. Another important condition is that there must exist a “common-support” region in the propensity score distributions comprising of participants from both the treatment and control groups [25].
To estimate the ATT, we used the nearest neighbor matching technique. The nearest neighbor matching method works by matching individuals in the control to the treated group and then discards individuals who are not selected as matches [23]. By using this technique, the individual from the comparison group is selected which then acts as a matching partner for the closest treated partner in terms of the propensity score [26, 27]. We make use of the 1:1 nearest neighbor matching technique which works by selecting for each individual in the treated group, the closest individual (in terms of propensity score) from the control group. The disadvantage of 1:1 nearest neighbor matching technique is that it discards a large number of observations which may reduce statistical power [28]. This is however not a concern for our study since we have enough observations in our sample to identify statistically significant effects.
The reliability of the estimated effect of either utilizing professional care or TBAs on under-five mortality when using PSM depends on selection of observables [25]. We thus checked to ensure that the common support assumption was satisfied. This was done by inspecting the propensity score distribution [29]. For the balancing test, several iterations of estimation of the propensity score were carried out in which variables were recoded to have satisfied the balancing property [30].
For robustness, we compare our ATT results obtained from the nearest neighbor matching method with two other matching techniques (see Appendix) to ensure that our findings are consistent, namely Kernel matching and stratification matching [26]. The Kernel matching uses weighted average of the individuals in the control group to construct a counterfactual [25] whereas stratification matching works by partitioning the common support into different strata and after which impact is computed in each of those two strata [26].

Hidden bias and sensitivity test
The weakness with PSM is that it does not correct for bias due to unobserved characteristics. In order to overcome this bias, conducting sensitivity analysis of hidden bias is recommended. This is achieved by establishing the level of unobserved heterogeneity that would change the statistical significance of the treatment effects (ATT) [25]. Therefore, we adopt the technique proposed by Altonji et al. [31] to estimate how sensitive the estimates are to selection on unobservables. This technique links selection on observed factors to selection on unobserved factors. For this, we estimate a bivariate probit model and impose constraints on the correlation between unobserved factors that influence, on the one hand, the probability of being in the treatment group and, on the other, the outcome.


Results
By relying on PSM, we investigated the effect of utilizing professional care (or TBA care) by mothers during antenatal, delivery, and postnatal periods on under-five mortality of children. This was done for mothers with HIV and those without HIV. As recommended [26], the three steps of propensity score matching estimation were followed. Firstly, we ran probit models for the three stages of maternal care (antenatal, birth, and postnatal) in order to estimate the propensity score. After this, the estimated propensity scores were used to match a group of individuals who utilized professional care but were comparable to those that utilized TBAs in terms of propensity scores generated in the first step. The final step was to compare the under-five child’s mortality outcomes of professional care and TBA-utilizers between women with HIV and HIV-negative women at the three different stages of maternal care, a process which enables us to estimate the ATT effects.
By checking the ATT result column in Table 2, we can see the effect of the mothers’ choice of care (between professional and TBA care) on the survival of their children beyond 5 years.Table 2Average treatment effect on the treated (ATT) results


	Maternal health stage
	Survival rate
treated
	Survival rate
controls
	ATT
(percentage point increase in the probability of a child surviving beyond 5 years)

	 	HIV+
	HIV−
	HIV+
	HIV−
	HIV+
	HIV−

	Antenatal
	.971
	.978
	.970
	.971
	.000677***
	.00713***

	At birth
	.972
	.975
	.965
	.970
	.007100***
	.00518***

	Postnatal
	.977
	.976
	.968
	.972
	.008711***
	.00373***


***p < 0.01
**p < 0.05
*p < 0.10



In general, the results in Table 2 show that utilizing professional care (as opposed to TBAs) in all three stages of maternal care for both women with HIV and those without HIV slightly increases the probability of their children surviving beyond 5 years old.
For the specific stages in women with HIV, uptake of professional antenatal care (as opposed to TBAs) by women with HIV increased the probability of the child surviving beyond age five by 0.07 percentage points (p.p) representing a survival rate of 97.1% for professional care utilizers and 97.0% for TBA utilizers. Similarly, the uptake of professional care during childbirth (as opposed to TBAs) by women with HIV increased the probability of the child surviving beyond age five by 0.71 p.p, representing a survival rate of 97.2% for professional care users and 96.5% for TBA users. At postnatal, the probability increases by 0.87 p.p. representing a survival rate of 97.7% for professional care utilizers and 96.8% for TBA-utilizers.
Similarly, for HIV-negative women, uptake of professional care (as opposed to TBAs) during antenatal, at birth, and postnatal period slightly increased the probability of the child surviving beyond age 5. For example, the probability of a child surviving beyond age increased by 0.71 p.p as a result of using professional care. This represents a survival rate of 97.8% for professional care utilizers and 97.1% for TBA utilizers. At birth, the uptake of professional care for HIV-negative women increased the probability of the child surviving beyond age 5 by 0.52 p.p representing a survival rate of 97.5% for professional care utilizers and 97.0% for TBA utilizers. During postnatal, it increased by 0.37p.p representing a survival rate of 97.6% for professional care utilizers and 97.2% for TBA utilizers.
Robustness checks for the ATT were done by the use of two alternative matching techniques, namely, Kernel matching and stratification matching (see Appendices 1 and 2). Both of the matching techniques produced similar ATT results in direction and magnitude for all the three stages. We further carried out the Altonji test to see if there was any bias resulting from the effect of unobservables. The Altonji sensitivity test indicates that our results are robust to selection on unobservables (see Appendix 3).

Discussion
The aim of this paper was to investigate the effect of utilization of professional maternal care or TBA care during antenatal, delivery, and postnatal period on under-five mortality for women with HIV and those who are HIV negative.
Our findings highlight the fact that, in general, children born from mothers who utilize professional care (as opposed to TBAs) have a slightly higher probability of surviving beyond the age of 5 regardless of the HIV status of the mother. However, despite these positive results in support of professional care, the differences, although statistically significant, are small in magnitude. From the forgoing, we make the following two conclusions: (a) for both HIV-negative women and those living with HIV, professional care at all the three stages of care leads to slightly higher probability of their children surviving beyond age 5; (b) although professional care appears to produce comparatively higher survival rates, the difference between those who utilize professional care and those who utilize TBAs is relatively small.
The slightly lower probability of under-five mortality resulting from professional care stands out as the most important finding of this paper, especially considering the fact that in the recent past, there has been an increased focus on the need to promote professional care during antenatal, at birth, and postnatal period, from the Zambian government and the WHO [15, 32]. Other studies have emphasized the importance of professional care as a means of reducing under-five mortality [5, 19]. In this regard, professional care is credited for helping to mitigate pregnancy-related complications, particularly pre-eclampsia, and also specifically for mothers with HIV, it helps in the promotion of PMTCT [33]. These studies have also demonstrated that professional care at all three stages is a practical platform through which any potential complications arising during birth can be effectively handled. This is especially important for women with HIV where ART and periodic monitoring by professionals can help in the promotion of PMTCT. This is why, according to Lincetto et al. [33], the WHO [32] and subsequently the government of Zambia disapproves of TBAs in preference for professional caregivers with the anticipation that professional caregivers could significantly reduce the probability of dying before age five [33].
However, our findings indicate that in both women with HIV and those without HIV, professional maternal care led to a slightly higher probability of surviving beyond age 5.
The WHO’s notion of change that anchored on the assumption that professional care automatically and significantly leads to high reduction in under-five mortality has been challenged [34]. Some scholars have observed that the increased utilization of professional antenatal care has not significantly reduced under-five mortality in Zambia regardless of HIV status. This could, as other scholars have shown, be the result of poor standards of care under professional care in Zambia epitomized by inadequate medical supplies, equipment, and staff [11, 34]. We have shown that in the case of Zambia, there is a small difference in under-five mortality between professional care utilizers and TBA-utilizers for both HIV negative and women living with HIV. That notwithstanding, it seems legitimate to assume that when these results are combined with maternal mortality outcomes (which we did not investigate in this study), the effects of professional care utilization may even be greater. It was also evident that the effect of professional care does not differ much between HIV-negative women and those living with HIV.
Given these findings, important questions worth asking are (a) how good is the quality of professional care in Zambia? (b) and, similarly, how good is the care under TBAs?
Although professional care produces slightly better outcomes than TBAs, there is a lack of adequate health personnel in Zambia [4, 8, 35]. This observation is in line with what other studies from Zambia [1, 4, 36] have continued to highlight, which is that most professional maternal care stations in Zambia are crippled with a shortage of qualified medical personnel and medical equipment, shortage of life-saving antiretroviral drugs, overcrowding, and poor infrastructure especially in rural parts of Zambia [1, 2, 10, 36]. Further, whereas it appears logical to recommend improvement in the availability and quality of care in Zambia, such recommendations are frequently not achievable due to the high costs involved in implementing them. The government in Zambia has been reluctant and to some extent financially incapable of implementing these ideal, yet costly recommendations [10]. Given the small differences between professional care and TBAs in terms of probability of under-five mortality in our results, it seems legitimate to explore ways through which TBAs can be better involved to complement the weak health system in Zambia. Elsewhere within Sub-Saharan Africa, it has been demonstrated that training and incorporating TBAs in the line of care increases the availability of care and may improve maternal outcomes [37]. Similarly, another study in neighboring Malawi has shown that banning TBAs does not lead to a reduction in maternal mortality [38]. Thus, the decision to exclude TBAs in the line of care in Zambia without good quality professional care being available to replace it seems counterproductive especially considering that they are still being relied upon (albeit illegally) amidst an inefficient health system. In a country like Zambia, which is experiencing a critical shortage of professional health workers, relying on already established traditional and indigenous solutions such as TBAs may be necessary and useful. TBAs may also be trained, regulated, and given suitable functions within the line of maternal care. This might help complement professional attendants (who are in most cases inadequate or unavailable).
Limitations
A dominant limitation in this paper, like in many other studies that rely on household surveys, is the problem of recall bias. The quality of the survey normally depends on the respondent’s ability to accurately recall events, which in some cases is very difficult to assure, and to deal with. We believe the probability of recalling such events is similar in the treatment group (i.e., utilizing professional care) and the control group (i.e., utilizing TBAs) and therefore PSM partly accounts for possible bias. Secondly, some women who did not consent to have their HIV status determined were excluded from the sample which might have affected the representativeness of the sample and hence external validity of the findings. Further, the HIV-positive population could have been underrepresented in the sample due to the fact that people who already know their HIV-positive status could have been less willing to participate in the study, which represents the so-called selection bias. Similarly, we also note that given the fact that TBAs are outlawed in Zambia, respondents are more inclined not to report usage of TBAs. These two biases are however difficult to address in the absence of quasi-experimental variation in the data [39]. That notwithstanding, our findings provide useful insights in understanding the impact of professional care on under-five mortality. Therefore, more studies must be undertaken in this area of research, preferably by addressing the stated above limitations, in order to substantiate the internal validity and the generalizability of our findings.


Conclusion
In this paper, we have demonstrated that in general, children born to mothers who utilize professional care have a slightly higher probability of surviving beyond the age of 5, regardless of the HIV status of the mother. However, although there is a positive impact when mothers choose professional care over TBAs, the difference at all the three points of maternal care is small (although it is possible that when this is combined with maternal mortality outcomes, the effects of professional care utilization may even be greater).
Given our findings, showing small differences in under-five child’s mortality between utilizers of professional care and utilizers of TBAs, it may be questioned whether the government’s intention of completely excluding TBAs (who despite being outlawed are still being used) without replacement by good quality professional care is the right decision. The idea of completely excluding TBAs in the line of care in Zambia may be counterproductive in a health system that lacks personnel and equipment and is highly inaccessible to the majority of the rural population. The current policy in Zambia might benefit from further investigation of professionalization of TBA’s.
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Appendix 1
Appendix 1

                    Table 3Matching using stratification method


	Maternal health stage
	Survival rate
treated
	Survival rate
controls
	ATT
(percentage points increase in the probability of a child surviving beyond 5 years)

	 	HIV+
	HIV−
	HIV+
	HIV−
	HIV+
	HIV−

	Antenatal
	.970
	.974
	.970
	.971
	0.00031***
	0.0032***

	At birth
	.977
	.976
	.965
	.970
	0.0045 ***
	0.0064***

	Postnatal
	.972
	.977
	.968
	.972
	0.0042 ***
	0.0052***


***p < 0.01
**p < 0.05
*p < 0.10



                  



Appendix 2

                  Table 4Matching using Kernel method


	Maternal health stage
	Survival rate
treated
	Survival rate
controls
	ATT
(percentage points increase in the probability of a child surviving beyond 5 years)

	 	HIV+
	HIV−
	HIV+
	HIV−
	HIV+
	HIV−

	Antenatal
	.973
	.976
	.970
	.971
	0.0031***
	0.005***

	At birth
	.971
	.973
	.965
	.970
	0.0061 ***
	0.0034***

	Postnatal
	.973
	.978
	.968
	.972
	0.0052 ***
	0.0061***


***p < 0.01
**p < 0.05
*p < 0.10



                


Appendix 3

                  Table 5Appendix G: Atonji test (under-five mortality). Summary of p values from different r levels


	Correlation level (r)
	HIV+
	HIV−

	Antenatal
	Birth
	Postnatal
	Antenatal
	Birth
	Postnatal

	p value
	p value
	p value
	p value
	p value
	p value

	0.05
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	0.10
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	0.15
	0.02
	0.04
	0.04
	0.02
	0.08
	0.07

	0.20
	0.06
	0.09
	0.08
	0.07
	0.11
	0.15

	0.25
	0.11
	0.23
	0.18
	0.12
	0.54
	0.48


Decision rule: significant results (seen by the p value) despite increasing correlation indicate robust results
To help us see the effect of unobservables on our outcome variable, we focus on the correlation between error terms which capture the extent to which unobservables affect the treatment and the outcome, in our case taking up professional care and eventually the probability of kids surviving beyond age 5. The Altonji test works by assigning different values of correlation (r) and estimating the probit model conditional on these r values. This allows us to see if the parameter changes significantly given the different r values. We allow our r values to range from 0 to 0.25 (by using 0.05 intervals). If the ATT remains significant despite increasing r, then our results are robust
By checking our p values from table above, we can see that even assuming relatively high selection on unobservables (r = 0.15), the effect of professional care on under-five mortality remains highly statistically significant. This therefore means that sensitivity analysis shows that our results are robust and unlikely to be affected by unobservables
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