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Abstract

Background: Despite important progress, the burden of under-5 mortality remains unacceptably
high, with an estimated 5.3 million deaths in 2018. Lack of access to health care is a major risk
factor for under-5 mortality, and distance to health care facilities has been shown to be associated
with less access to care in multiple contexts, but few such studies have used a counterfactual
approach to produce causal estimates.

Methods: We combined retrospective reports on 22,088 births between 1980 and 2000 from the
2000 Malawi Demographic and Health Survey with a 1998 health facility census that includes
the date of construction for each facility, including 335 maternity or maternity/dispensary
facilities built in rural areas between 1980 and 1998. Using a difference-in-differences approach
with Cox proportional hazards models, we estimated the effect of a reduction in distance to
nearest facility, conditional on initial distance, on under-5 mortality. Using a difference-in-
difference approach with linear probability models, we estimated the effect of a reduction in
distance to nearest facility on number of antenatal visits prior to delivery, place of delivery,
receiving skilled assistance during delivery, and receiving a check-up following delivery.

Findings: We found no effects of a decrease in distance to the nearest health facility on the
hazard of death before age five years. We also found no effect of reduced distance to nearest
facility on utilization of maternal health services. The effects estimated here likely depend on the
quality of health care, the availability of transportation, the demand for health services, and the
underlying causes of mortality, among other factors.

Conclusion: Reducing under-5 mortality and increasing utilization of care in rural Malawi and
similar settings may require more than the construction of new health infrastructure.



Background

Despite important progress, the burden of under-5 mortality remains unacceptably high,
with an estimated 5.3 million deaths in 2018.* The Sustainable Development Goals include
ending preventable deaths of children under 5 by 2030.2 Lack of access to health care is a major
risk factor for under-5 mortality, and distance to health care facilities has been shown to be
associated with less access to care in multiple contexts.®® Pregnant women living farthest from
heath facilities are generally the least likely to give birth in a facility, and least likely to utilize
antenatal care.>>~ Their children tend to be at higher mortality risk than those of mothers living
closer to facilities. There remains a question, however, about the extent to which this relationship

is causal.

Malawi has reduced its under-5 mortality rate from 250 per 1,000 live births in 1990 to
54 in 2018, a 78% reduction, despite an HIVV/AIDS epidemic that peaked at approximately 15%
prevalence.® While health policy prior to Malawi’s first democratic elections in 1994 tended to
favor private provision of health care, over the last 24 years Malawian policymakers have put
forward bold programs to make health care more accessible, including 1994’s National Safe
Motherhood Program and 2012’s Presidential Initiative for Safe Motherhood.®*°

In this paper, we took a difference-in-differences approach to estimate the causal effect of
new facilities on under-5 mortality and utilization of maternal health services, namely, place of
delivery, receiving a check-up following delivery, number of antenatal visits prior to delivery, or

receiving skilled assistance during delivery.



Methods

Data

Health facility data. A national census of health facilities in 1998 carried out by the
Malawi Ministry of Health and the Japanese International Cooperation Agency (MOH & JICA
1999) lists 719 facilities in operation. For most facilities, the data included the date of
construction (589 out of the 719 (82%)), and for all facilities it included the GPS coordinates, the
facility type, principle funder, and owner.

The dates of construction ranged from 1889 (when the first missionary hospital was built)
to 1998. We restricted our analysis to the period from 1980 to 1998 due to limitations of the
mortality data (described below). Of the 589 facilities for which we have date of construction,
337 (57%) were built between 1980 and 1998. There was no apparent temporal trend in the
number of facilities built per year; the number ranged from a minimum of 10 in 1987 to a

maximum of 32 in 1998 (Figure 1).

Of the 337 new facilities, 92% are one of two types: 135 (40%) are classified as
“dispensary” and 175 (52%) are classified as “dispensary/maternity.” Dispensaries are
permanent structures from which drugs are distributed. They provide outpatient care and may
contain holding beds. Dispensary/maternities are similar but provide more extensive services to
expectant mothers (antenatal, delivery, and postnatal care). The other facility types are district
hospital, hospital, mental hospital, primary health center and urban health center. These are

almost exclusively located in urban areas.



Figure 1. Number of new health facilities constructed per year in Malawi, 1980 to 1998
[FIGURE 1 HERE]

We assumed that those facilities missing the date of construction (130 out of 719), were
built prior to 1980. If some of these facilities were in fact built between 1980 and 1998, then
some births will be erroneously coded as being closer to a health facility than they actually were.
This will bias the effect estimate towards the null if the true effect of being closer to a health

facility is to reduce mortality or increase utilization.

Mortality data. The data on under-5 mortality came from the 2000 Malawi Demographic
and Health Survey (MDHS), a nationally representative survey targeting all resident women
aged 15-49.1° Variables collected include the date of birth and date of death (if applicable) for all
children ever born to respondents (n=40,221 children). The data also included GPS coordinates
for MDHS enumeration areas, which we refer to as villages in the remainder of the paper.

Figure 2. Map of health facilities and enumeration areas in Malawi
[FIGURE TWO HERE]

Migration has the potential to cause measurement error in the treatment variable since
mothers’ residences in 2000 may not be in the same location as their residences in previous
years. We restricted our analysis to rural births that occurred at the same location where the
mother was living at the time of the survey, as reported in an MDHS question about length of

time at one’s current residence.



Operationalization of treatments and outcomes

The primary outcome of interest was the hazard of death between birth and age five,
estimated from retrospective birth histories in the MDHS that included the date of birth and date
of death for each child. Children still alive and under age five at the time of the survey were
right-censored (i.e. they have missing survival data between the age at which the survey occurred
and age five). The appendix includes tests showing that recall bias is not a concern in these data.
We also estimated effects on the following secondary outcomes: (1) place of delivery, (2)
receiving a check-up following delivery, (3) number of antenatal visits prior to delivery and (4)
receiving skilled assistance during delivery.

For the mortality analysis, the treatment of interest is the reduction in distance to the
nearest health facility caused by the construction of a new facility, conditional on distance to the
nearest health facility prior to the construction of a new facility. We use multiple treatment
variables to reflect the intuition that the benefit of a new facility depends on both the distance

from the village to the old facility and the distance from the village to the new facility.

We created four distance categories (<2km, 2-5km, 5-10km, and >10km to nearest
facility), which correspond to six possible treatments, each representing a move from one
distance category to a nearer distance category: (1) >10km to 5-10km, (2) >10km to 2-5km, (3)
>10km to <2km, (4) 5-10km to 2-5km, (5) 5-10km to <2km, and (6) 2-5km to <2km. The

reference category is no change in distance category.

For each village we calculated the distance to the nearest health facility in each year from
1979 to 1998. We linked the change in distance category (including no change) for each village-
year to each child-year in the mortality dataset. The dates of construction did not include the

month of construction. Therefore, to avoid over-estimating exposure to new facilities,



construction was assumed to have occurred on December 31. If a new facility was built during a
child’s lifetime, we assigned the change in distance to the remaining person-time contributed by

that child.

For the secondary outcomes, we operationalized the treatment variable differently than in
the mortality analysis, due to much smaller sample sizes. The treatment was the reduction in
distance to the nearest facility, unconditional on distance from the village to the nearest existing
facility. We divided the treatment variable into three change-in-distance categories: less than or

equal to 3km, 3-6km and more than 6km.

Statistical analysis

To estimate the effects of new facility construction on child mortality, we fit a semi-
parametric Cox proportional hazards model,!’ stratified by village, with the following controls:
child is first birth, mother’s age at birth, mother’s education, and year of birth. To estimate effects
on utilization, we used linear probability models with fixed effects for village and for year and
month of birth, with the following controls: child is first birth, child is a twin, mother’s age at birth,
and mother’s education. P-values for distance reduction coefficients were adjusted for multiple

testing using a false discovery rate procedure.*8
Ethical approval was obtained from Simmons University Institutional Review Board.

Results

There were a total of 40,306 births reported in the 2000 MDHS. Of those births, 22,088
were eligible for the mortality analysis, meaning that they occurred in a rural area between 1980

and 2000 to a woman in a village who reported living in the same village since at least the date



of birth (Table 1). Of the mothers in the mortality analysis sample, 43.9% had no education,
54.9% had primary education, and 1.2% had secondary education or higher. For the utilization

analysis, the number of eligible births ranged from 3,645 to 6,815.

Table 1. Descriptive statistics

Primary outcomes, exposure, and control variables among eligible rural births
Obs Number of deaths Percent

Child deaths 22088 4,297 19.5
Std.
Obs Mean Dev. Min  Max
Distance to nearest health facility (meters) 22088 6005 4559 305 47442
Obs Number Percent
Births to women with no education 22088 9241 41.8
Births to women with primary education 22088 12469 56.5
Births to women with secondary education or
higher 22088 378 1.7
First birth 22088 4467 20.2
Twin 22088 871 3.9
Births to a mother under 19 years old 22088 4247 19.2
Births to a mother over 35 years old 22088 2633 11.9
Secondary outcomes (only asked to mothers of children under five years old)
Home birth 6768 3343 49.4
At least three antenatal visits prior to delivery 4777 2589 54.2
Skilled assistance during delivery 6815 3380 49.6
Check-up following delivery 3645 259 7.1

Notes: data from 2000 Malawi Demographic and Health Survey. Eligible rural births are those that occurred
between 1980 and 2000 to a woman who reports having lived in the same village when she gave birth as she did
at the time of the interview.

Kernel density plots of births by distance to nearest facility for selected years show that
the average distance has been decreasing over time, driven in particular by facilities 10-20km
from a village being replaced by facilities less than 10km away from a village (Figure 3).
Overall, the modal distance is 5-10km, and very few births occurred within 1km of a health
facility (Figure 4). Turning to the number of births per year, the number is higher in more recent
years because the population is growing rapidly and the data come from women who were aged
15-45 in 2000. The sharp decrease in births in 1995 is almost certainly due to misreporting of

four year olds as five year olds. This means that for a small number of child-years, children will



be coded as being untreated when they were in fact treated. If the true effect of health facilities is

protective, then this will bias estimates toward the null.

Figure 3. Distribution of births by distance from village to nearest health facility, selected
years of birth

[FIGURE 3 HERE]

Notes: Kernel densities of birth in given year by distance from village to nearest health facility. Data from 2000
Malawi Demographic and Health Survey and 1998 Malawi Health Facility Census.

Figure 4. Births per year by distance to nearest health facility in analysis sample

[FIGURE 4 HERE]
Notes: Data from 2000 Malawi Demographic and Health Survey (DHS) and 1998 Malawi Health Facility Census.
Age-heaping in 1994 likely due to the additional DHS questions required of children under 5 years old.

Each village contributed an average of 1,993 child-months (166 child-years) to the
analysis (min 90; max 5,341) (Table 2). On average, 1,483 of those child-months (74%) occurred
prior to the construction of a new facility. Of the child-months that occurred after the
construction of a new facility, relatively few were contributed by villages in which the distance
to nearest facility decreased to less than 2km (an average of 88 child-months per village, or 4.4%
of all child-months in the analysis). Thus the statistical analysis that follows may have relatively

little power to detect effects from changes to less than 2km.



Table 2. Person-time contributed per village, by treatment category

Mean Std. Dev. Min Max

Total child-months 1992.6 922.4 90 5341

Untreated child months (i.e. prior to new facility) 1483.3  1074.9 0 4588
Original treatments

Child months after >10km to 5-10km 177.1 559.1 0 3728

Child months after >10km to 2-5km 116.2 543.3 0 5235

Child months after >10km to <2km 34.8 269.3 0 2904

Child months after 5-10km to 2-5km 127.7 444.2 0 2958

Child months after 5-10km to <2km 38.1 227.7 0 2253

Child months after 2-5km to <2km 15.3 139.7 0 2066

Alternative treatments

Child months after >2km to <2km 88.3 372.8 0 2904

Child months after >5km to <5km 332.2 747.4 0 5235

Year of first birth in village 1981.0 2.3 1980 1997

Year of last birth in village 1998.3 1.5 1995 2000

Notes: “village” refers to rural enumeration areas in the 2000 Malawi Demographic and Health Survey.

We present results from four stratified Cox proportional hazards models (Table 3;
additional specifications are presented in the appendix). All four models stratified the baseline
hazard by village (n=449) and include dummy variables for year of birth (n=19). Model 1 includes
the six original treatment variables without covariates. None of the decreases in distance produce
a statistically significant reduction in the hazard of under-five mortality at the 0.05 significance

level, even before adjustment for multiple hypothesis testing.

Model 2 adds control variables and retains the six treatment variables. Again, none of the
treatment variables produced significant effects. Model 3 includes a new coding of the treatment
variable that collapsed reductions in distance from over 2km to less than 2km into one category.
We found no effect from this reduction in distance. Model 4 included another coding of the
treatment variable that collapsed all categories into one, namely more than 5km to less than 5km.
Again, we found no effect on the hazard of death. The appendix includes our tests of the

proportional hazards assumption, which we concluded was reasonable for this analysis.



Table 3. The effect of increased access to health care on under-5 mortality in rural Malawi,
1980-2000

Model 1 Model 2 Model 3 Model 4
Hazard ratio adj. p- Hazard ratio adj. p- Hazard ratio adj. p- Hazard ratio adj. p-
Treatment or control variable (95% CI) value (95% CI) value (95% CI) value (95% CI) value
>10km to 5-10km 1.013 0.96 1.025 0.96
(0.801,1.282) (0.810,1.298)
>10km to 2-5km 1.233 0.73 1.256 0.73
(0.859,1.770) (0.871,1.810)
>10km to <2km 1.101 0.96 1.046 0.96
(0.610,1.989) (0.580,1.885)
5-10km to 2-5km 0.806 0.52 0.79 0.52
(0.637,1.021) (0.623,1.003)
5-10km to <2km 0.898 0.87 0.880 0.85
(0.625,1.289) (0.613,1.263)
2-5km to <2km 1.406 0.73 1.453 0.73
(0.724,2.731) (0.751,2.814)
>2kmto <2km 1.006 0.96
(0.761,1.330)
>5km to <5km 0.933 0.83
(0.790,1.102)
First birth 1.049 0.312 1.048 0.316 1.048 0.316
(0.957,1.149) (0.956,1.149) (0.956,1.149)
Twin 3.008 <0.001 3.001 <0.001 3.003 <0.001
(2.677,3.380) (2.671,3.372) (2.672,3.374)
Mother under 19 1.363 <0.001 1.362 <0.001 1.362 <0.001
(1.245,1.493) (1.244,1.492) (1.244,1.492)
Mother over 35 1.010 0.847 1.010 0.852 1.009 0.859
(0.911,1.120) (0.911,1.120) (0.910,1.119)
Mother has primary education 0.882 <0.001 0.882 <0.001 0.881 <0.001
(0.822,0.946) (0.822,0.946) (0.822,0.945)
Mother has secondary education 0.474 <0.001 0.475 <0.001 0.475 <0.001
(0.324,0.692) (0.325,0.694) (0.325,0.693)
Observations 22,088 22,088 22,088 22,088

Notes: Hazard ratios from Cox proportional hazards models, with baseline hazard stratified by village of birth
(n=449) and with fixed effects for year of birth. P-values for distance reduction coefficients were adjusted for
multiple testing using the Benjamini and Hochberg (1995) false discovery rate procedure.

We found no effects of reductions in distance to the nearest facility on place of delivery, post-

delivery checkup, three or more antenatal visits, or skilled assistance at delivery (Table 4).



Table 4. Effects of reductions in distance to nearest facility on maternal health care
utilization

Change in
distance to Percentge point change in probablity of...
nearest facility ] ] . ] ] ]
Home birth Post-delivery checkup Antenatal visits Skilled assistance at delivery
<3km reduction 0.05 (-0.04,0.15) 0.01 (-0.07,0.10) -0.05 (-0.15,0.05) -0.01 (-0.16,0.13)
3-6km reduction -0.01 (-0.14,0.12) -0.10 (-0.20,0.01) 0.03 (-0.10,0.17) -0.11 (-0.34,0.12)
>6km reduction 0.03 (-0.14,0.20) -0.11 (-0.24,0.02) -0.03 (-0.20,0.14) -0.05 (-0.28,0.19)

Notes: Coefficients from linear probability models with fixed effects for village and month-year of birth (n=63),
and the following control variables: child is first birth, child is twin, mother <19 yrs old, mother >35 yrs old, mother
has primary education, mother has secondary education. None of the effects are significantly different from zero at
the 0.05 level.

Discussion

Key results

This study found no evidence for the claim that the construction of new health facilities
in rural Malawi between 1980 and 2000 caused a reduction in under-5 mortality. Nor did we find
any evidence that number of antenatal check-ups, skilled assistance at birth, delivery in a facility,

or post-natal check-ups increased following the construction of a new facility.

Limitations

There are several important limitations to this study. First, new health facilities were not
constructed in randomly assigned locations. Therefore, it is possible that children born in areas
where new facilities were built were systematically more or less likely to die before age five than
children in other areas. We used a difference-in-differences estimation strategy to overcome this
endogeneity, but it relied on the assumption that the underlying village-level hazard of under-5
mortality can be modeled as a multiplicative combination of time-invariant village effects and
year-specific effects that are common across villages. That assumption implies that, after

adjusting for mother’s education, age at birth of her child, whether or not the child is first born,



and village characteristics that do not change during the study period, secular trends in under-5

mortality are equivalent across villages.

Second, while we estimated the average treatment effect, new health facilities are likely
to produce heterogeneous effects depending on the quality of care provided. The training of the
facility staff, the frequency with which they work, and the availability of pharmaceuticals and
other medical supplies may vary widely across facilities. We restricted the analysis to
dispensaries and maternity/dispensaries, but even within these categories the variability in
quality of care may be significant. Variability in quality of care over time — if, for example, new
and better health care technologies become available in more recent years — can also lead to

heterogeneous effects for similar reasons.

Third, we had limited data on utilization. The MDHS only included those variables for
births in the five years prior to the survey, so the sample size was roughly one-quarter of that for
the mortality analysis. It remains possible that utilization of those services increased in earlier
years, or that utilization of other services (e.g., treatment for diarrhea, pneumonia or malaria)

increased.

Fourth, the mortality data were retrospective accounts of women who were 15-49 years
old in 2000. Children born to women who died were not represented. Because a child is more
likely to die if her mother dies, retrospective estimates of under-5 mortality will tend to be
underestimates if a substantial proportion of women die between the ages 15 and 49. The
potential for bias in this study depends on two factors: the impact of new facilities on adult
mortality, and the propensity for new facilities to be built in areas with increasing or decreasing

adult mortality. Assume first that new facilities have no impact on adult or child mortality. If



new facilities were built in areas where adult mortality is increasing and, thus, under-5 mortality
is underestimated, then it will appear that the new facility caused a reduction in under-5
mortality. If, on the other hand, new facilities were built in areas where adult mortality was
decreasing, then the opposite will occur. The onset of the HIV epidemic in Malawi in the mid-
1980s increased adult mortality substantially.*® It is unlikely, however, that new facilities were
targeted to areas with higher or lower HIV prevalence. As we argued above, the information and
implementation capacity necessary to target facilities based on burden of disease were not
available. The availability of antiretroviral therapy (ART) also impacts adult mortality. In
Malawi, ART was not widely available in until after 2004,%° thus it would not affect the analysis

presented here.

Interpretation

Previous studies on the relationship between distance to nearest health facility and child
mortality show mixed results. A study that combined survey data from 21 countries found that
greater distance was associated with higher neonatal mortality, but not mortality at higher ages.?
A study in a rural Kenyan districts with high health facility density found no association between
travel time and child mortality,?? nor did a case-control study in rural Gambia.?® The file drawer
problem suggests that studies finding no relationship between distance and mortality are less
likely to be published.?®

Studies reporting an association between distance and mortality include a study in rural
Burkina Faso which estimated that under-5 mortality was 50% higher at a distance of 4 hours
walking time to the nearest facility compared with having a facility in the village.* A matched
pairs study found that the construction of maternity clinics in Indonesia in the mid-1980s reduced

infant mortality in the surrounding area by 15%.2° In South Africa, allowing blacks to utilize



facilities that were formerly restricted to whites increased the weight-for-age scores for male
infants, but had no effect on female infants.?” Several other observational studies have found a

positive association between distance and under-5 mortality.?%-3!

Generalizability

The external validity of this study benefits from the fact that it used data from villages
and health facilities throughout rural Malawi, over a period of twenty years. Nevertheless, this is
a study of a single country during a particular phase of history. As discussed above, the effects
estimated here likely depend on the quality of health care, the availability of transportation, the
demand for health services, and the underlying causes of mortality, among other factors. Data on
these factors are scarce in Malawi and other high mortality countries, and more resources should
be invested in collecting that information. The results presented here suggest that there is more to
the story of reducing under-5 mortality than increasing the availability of health infrastructure by
shortening travel distances. This finding may hold across other low-income, high-mortality
countries, particularly in sub-Saharan Africa. More research is needed on the relationship

between access to care, quality of care, and perceived quality of care in these settings.
List of abbreviations
ART = antiretroviral therapy

MDHS = Malawi Demographic and Health Survey
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