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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 18,714 births between 1980 and 1998 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. We estimated associations between distance to nearest health facility and (i) under-5
mortality, using Cox proportional hazards models, and (ii) maternal health care utilization (antenatal
visits prior to delivery, place of delivery, receiving skilled assistance during delivery, and receiving a check-
up following delivery), using linear probability models. We also estimated the causal effect of reducing
the distance to nearest facility on those outcomes, using a two-way �xed effects approach.

Findings

We found that greater distance was associated with higher mortality (hazard ratio 1.007 for one
additional kilometer [95%CI 1.001 to 1.014]) and lower health care utilization (for one additional
kilometer: 1.2 percentage point (pp) increase in homebirth [95%CI 0.8 to 1.5]; 0.8pp decrease in at least
three antenatal visits [95% CI -1.4 to -0.2]; 1.2pp decrease in skilled assistance during delivery [95%CI -1.6
to -0.8]). However, we found no effects of a decrease in distance to the nearest health facility on the
hazard of death before age �ve years, nor on antenatal visits prior to delivery, place of delivery, or
receiving skilled assistance during delivery. We also found that reductions in distance decrease the
probability that a woman receives a check-up following delivery (2.4pp decrease for a one kilometer
decrease [95%CI 0.004 to 0.044]).

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. Importantly, 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.

Background
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Despite important progress, the burden of under-5 mortality remains unacceptably high, with an
estimated 5.3 million deaths in 2018.1 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.3–6 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.3,5–7 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 HIV/AIDS epidemic that peaked at approximately 15% prevalence.8 While health
policy prior to Malawi’s �rst 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.9–15

In this paper, we estimated the associations between distance to nearest health facility and (i) under-5
mortality, and (ii) maternal health care utilization (place of delivery, receiving a check-up following
delivery, number of antenatal visits prior to delivery, or receiving skilled assistance during delivery). We
also took a two-way �xed effects approach to estimate the causal effect of reductions in distance from
the construction of new facilities on those outcomes.

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) listed 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 �rst missionary hospital was built) to 1998. We
restricted our analysis to the period from 1980 to 1998 to reduce recall bias in 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% were one of two types: 135 (40%) are classi�ed as “dispensary” and 175
(52%) are classi�ed 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).
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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.

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 and utilization data. The data on under-5 mortality and health care utilization came from the
2000 Malawi Demographic and Health Survey (MDHS), a nationally representative survey targeting all
resident women aged 15-49.16Variables 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 centroids of MDHS enumeration areas, which we refer to as villages in the remainder of
the paper (Figure 2). Enumeration areas were based on the 1998 census, which identi�ed 9,213 in total.
Rural enumerations areas have populations of between 800 and 1,200 persons.

For births in the �ve years prior to the survey, the MDHS also contains information on the following
utilization 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.

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 �ve, 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 �ve 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 �ve). Additional File 1 includes tests
showing that recall bias is not a concern in these data. 
For the causal 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. In addition to models in which the linear reduction in distance is the
treatment variable, in other models we use multiple treatment variables to re�ect the intuition that the
bene�t 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.

For those models, 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
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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 used the linear reduction in distance as our treatment variable. We do
not use the multiple category distance reduction variable due to much smaller sample sizes.

Identi�cation Strategy and Statistical Analysis

An ideal study of the effects of new health facilities on under-5 mortality would randomly assign villages
to receive a new health facility. By comparing the mortality rates before and after health facility
construction in villages that did receive a facility to those that did not, the average treatment effect of a
new facility could be easily calculated. In the current study, the location for new facilities may be
endogenous to the under-5 mortality rate. If one were to simply carry out a cross-sectional comparison of
areas with new health facilities to those without, it is unclear which direction the bias would take. For
example, if facilities tend to be located in areas with higher disease burden, they may be positively
associated with mortality, even if they have a bene�cial effect. Conversely, if they tend to be built in
wealthier areas, they may appear to be negatively associated with mortality, even if they have no effect.

We estimated the association between distance to nearest facility and mortality or utilization as a �rst
step to investigating causality. Mortality was measured as survival time at the child-level, and many
observations were right-censored (i.e. children were under �ve and still alive at the time of the survey).
Therefore, we �t semi-parametric Cox proportional hazards models.17,18 Models 1-3 used linear distance,
while models 4-6 used the logarithm of distance, to test for a non-linear relationship between distance
and mortality. Each set of models includes a models with and without dummies for year (n=18; to capture
temporal trends in mortality unrelated to new facilities) and month (n=11; to capture seasonality in
mortality). For our secondary outcomes, which are binary and thus not right-censored, we used linear
probability models.

To estimate the causal effect of changes in distance on mortality, we used strati�ed Cox models, with
each stratum corresponding to one village. This controls for time-invariant characteristics of each village,
and uses within village variation in distance and mortality to estimate effects. In some models, we again
added year dummies to capture temporal trends; this is sometimes referred to as a two-way �xed effects
model (two-way referring to time and space).19 We thus estimated the multiplicative change in the hazard
ratio for mortality within these villages, before and after changes in distance. For our secondary
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outcomes, we take a similar approach, but using linear probability models rather than Cox models. We
included �xed effects for each village and each year.

One key assumption, inherent in Cox models, is that the hazards are proportional. We tested this
assumption in two ways (Additional File 1). First, we tested for non-zero slope in a generalized linear
regression of the scaled Schoenfeld residuals on time.20 Second, because that test can be “over-powered”
– with many observations it may classify substantially insigni�cant changes in the hazard ratio as
statistically signi�cant -- we visually assessed plots of the scaled Schoenfeld residuals for the covariates
that the test identi�ed as violating the proportional hazards assumption.21

P-values for distance reduction coe�cients in the categorical distance models were adjusted for multiple
testing using a false discovery rate procedure.22

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, 18,714 were eligible for
the mortality analysis, meaning that they occurred in a rural area between 1980 and 1998 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, 43.8% had no education, 55.0% had primary education, and 1.2% had
secondary education or higher. For the utilization analysis, the number of eligible births ranged from
2,333 to 4,926.

Table 1. Descriptive statistics
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  Obs. n or mean % or SD Min Max  

Total births 40306          

Rural births 33477          

Eligible rural births* 18714          

Primary outcomes, exposure, and control variables among eligible rural births    

Child deaths 18714 3887 20.8%      

Distance to nearest health facility at birth (meters) 18714 6182 4744 305 47442  

Births to women with no education 18714 8197 43.8%      

Births to women with primary education 18714 10293 55.0%      

Births to women with secondary education or higher 18714 225 1.2%      

First birth 18714 3743 20.0%      

Twin 18714 749 4.0%      

Births to a mother under 19 years old 18714 3668 19.6%      

Births to a mother over 35 years old 18714 2133 11.4%      

Secondary outcomes (only asked to mothers of children under five years old)    

Home birth 4889 2302 47.1%      

At least three antenatal visits prior to delivery 2333 1316 56.4%      

Skilled assistance during delivery 4926 2565 52.1%      

Check-up following delivery 2333 167 7.2%      

Notes: data from 2000 Malawi Demographic and Health Survey. Eligible rural births are those that occurred between 1980 and 1998 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 was higher in more recent years because the population was growing rapidly
and the data come from women who were aged 15-49 in 2000. The sharp decrease in births in 1995 is
almost certainly due to misreporting of four year olds as �ve 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.

Each village contributed an average of 1,643 child-months (137 child-years) to the analysis (min 32; max
4,493) (Table 2). On average, 1,289 of those child-months (78%) 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 from 2-5km to less than 2km
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(only six villages fell into this category). 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

  No. villages Mean SD Min. Max.

Total child-months 449 1643 797 32 4493

Child-months prior to new facility 449 1289 893 1 4106

Original treatments

Child-months after >10km to 5-10km 57 949 737 2 2884

Child-months after >10km to 2-5km 24 1564 1128 102 4380

Child-months after >10 km to <2km 9 1327 769 1 2273

Child-months after 5-10km to 2-5km 41 957 625 1 2441

Child-months after 5-10km to <2km 14 815 470 91 1760

Child-months after 2-5km to <2km 6 783 547 306 1715

Year of �rst birth in village 449 1981 2.3 1980 1997

Year of last birth in village 449 1998 0.23 1996 1998

Notes: “village” refers to rural enumeration areas in the 2000 Malawi Demographic and Health Survey.
Child-months are from children born between 1980 and 1998 to mothers who, at the time of interview,
continued to reside in the village where the child was born.

 

In four of the six models testing an association between distance and mortality, we found a signi�cant
relationship at p<0.05. (Table 3) The bivariate model with linear distance showed that each additional
kilometer was associated with an 1.1% increase in the hazard of death (95%CI 0.5% to 1.8%). Adding
controls for year and month reduced the hazard ratio slightly to 1.007 (95%CI 1.001 to 1.014). Similar
results were found using log(distance). A ten-fold increase in distance was associated with a 5.7%
increase in hazard of death (95%CI 1.3% to 10.3%). Adding controls for year and month again reduced the
hazard ratio, and the association was no longer signi�cant at p<0.05.
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We found no statistically signi�cant effect of reductions in linear distance to nearest health facility on
under-5 mortality, using Cox models strati�ed by village (Table 4). The effect was marginally signi�cant
(p<0.10) when linear distance was the only variable, but no longer signi�cant after we added controls for
year, month, and mother and child characteristics.

Table 4 The effect of changes in distance to nearest health facility on under-5 mortality, linear distance 

  (1) (2) (3) (4)
VARIABLES U5M U5M U5M U5M

Distance (km) 1.013* 0.994 0.994 0.994

  (1.000 - 1.025) (0.981 - 1.007) (0.981 - 1.007) (0.981 - 1.007)

First birth       1.011

        (0.918 - 1.113)

Twin       3.038***

        (2.680 - 3.443)

Mother under 19       1.389***

        (1.263 - 1.526)

Mother over 35       0.995

        (0.888 - 1.113)

Mother has primary education       0.865***

        (0.804 - 0.931)

Mother has secondary education       0.453***

        (0.284 - 0.722)

Year dummies? NO YES YES YES

Month dummies? NO NO YES YES

         
Total children 18,714 18,714 18,714 18,714

Total deaths 3,887 3,887 3,887 3,775

Total child-months 737,547 737,547 737,547 760,933

Notes: Hazard ratios from Cox proportional hazards models, with baseline hazard stratified by village of birth (n=449)  The reference category for
mother’s education is ‘less than primary’, and for mother’s age is ’19-35 years old.’
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Using categorical variables to account for differences in initial distance to nearest health facility in Cox
models strati�ed by village, we again found no statistically signi�cant effect of reductions in distance to
nearest health facility on under-5 mortality (Table 5). Reductions in distance from 5-10km to 2-5km
caused a 37.5% reduction in the hazard of mortality in the model with no controls for year, seasonality, or
mother and child characteristics; however, once those controls were added, there was no effect from any
category of distance reduction.

Table 5. The effect of changes in distance to nearest health facility on under-5 mortality, categorical distance

  (1)   (2)   (3)  
VARIABLES U5M adj. p-value U5M adj. p-value U5M adj. p-value

             
>10km to 5-10km 0.861   1.072   1.084  

  (0.671 - 1.106) 0.49 (0.828 - 1.387) 0.82 (0.837 - 1.405) 0.70

>10km to 2-5km 1.061   1.314   1.354  

  (0.727 - 1.550) 0.91 (0.892 - 1.936) 0.50 (0.914 - 2.007) 0.39

>10km to <2km 0.818   1.007   0.922  

  (0.412 - 1.626) 0.85 (0.502 - 2.017) 0.99 (0.461 - 1.846) 0.82

5-10km to 2-5km 0.625***   0.809   0.789  

  (0.485 - 0.806) 0.002 (0.621 - 1.054) 0.50 (0.604 - 1.029) 0.39

5-10km to <2km 0.701   0.917   0.891  

  (0.466 - 1.054) 0.26 (0.605 - 1.390) 0.82 (0.588 - 1.351) 0.70

2-5km to <2km 0.981   1.253   1.336  

  (0.485 - 1.984) 0.96 (0.615 - 2.555) 0.82 (0.660 - 2.705) 0.70

First birth         1.011  

          (0.918 - 1.114)  
Twin         3.050***  

          (2.691 - 3.457)  
Mother under 19         1.389***  

          (1.264 - 1.527)  
Mother over 35         0.995  

          (0.889 - 1.114)  
Mother primary ed.         0.865***  

          (0.804 - 0.931)  
Mother secondary ed.         0.452***  

          (0.283 - 0.720)  
Year dummies? NO   YES   YES  
Month dummies? NO   YES   YES  
             
Total children 18,714   18,714   18,714  
Total deaths 3,887   3,887   3,887  
Total child-months 737,547   737,547   737,547  

Notes: Hazard ratios from Cox proportional hazards models, with baseline hazard stratified by village of birth (n=449)  The reference category for
mother’s education is ‘less than primary’, and for mother’s age is ’19-35 years old.’
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Distance to nearest health facility was associated with three out of four measures of health care
utilization (Table 6). One additional kilometer was associated with a 1.2 percentage point (pp) increase in
homebirth, a 0.8pp decrease in having done at least three antenatal visits, and a 1.2pp decrease in skilled
assistance at birth. We obtained similar results without control variables (not shown).

Table 6. Associations between distance to nearest health facility and maternal health care utilization

  (1) (2) (3) (4)
VARIABLES Homebirth Antenatal Assistance Health check

         
Distance (km) 0.012*** -0.008** -0.012*** -0.000

  (0.008 - 0.015) (-0.014 - -0.002) (-0.016 - -0.008) (-0.003 - 0.003)

First birth -0.050** -0.001 0.052** -0.014

  (-0.093 - -0.007) (-0.073 - 0.072) (0.010 - 0.095) (-0.048 - 0.020)

Twin -0.083** -0.009 0.082** -0.042

  (-0.149 - -0.017) (-0.132 - 0.114) (0.016 - 0.148) (-0.096 - 0.013)

Mother under 19 0.018 0.001 -0.021 0.005

  (-0.026 - 0.063) (-0.072 - 0.073) (-0.065 - 0.023) (-0.030 - 0.039)

Mother over 35 -0.004 0.002 0.003 -0.003

  (-0.044 - 0.036) (-0.049 - 0.053) (-0.036 - 0.043) (-0.032 - 0.027)

Mother primary ed. -0.101*** 0.080*** 0.103*** 0.041***

  (-0.131 - -0.072) (0.037 - 0.123) (0.074 - 0.132) (0.019 - 0.063)

Mother secondary ed. -0.334*** 0.173*** 0.335*** -0.045

  (-0.432 - -0.236) (0.045 - 0.301) (0.237 - 0.432) (-0.157 - 0.067)

Constant 0.489*** 0.552*** 0.505*** 0.054***

  (0.455 - 0.523) (0.502 - 0.602) (0.471 - 0.539) (0.029 - 0.079)

         
Observations 4,889 2,333 4,926 2,333

R-squared 0.026 0.011 0.028 0.008

Notes: Coefficients from linear probability models. *** p<0.01, ** p<0.05, * p<0.1

 

We found that a one kilometer reduction in distance to nearest health facility caused a 2.4% decrease in
the probability that a professional checked the mother’s health after a birth. We did not �nd any effect on
probability of homebirth, having done at least three antenatal visits, or skilled assistance at birth.

Table 7. The effect of changes in distance to nearest health facility on maternal health care utilization
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  (1) (2) (3) (4)
VARIABLES Homebirth Antenatal Assistance Health check

         
Distance (km) 0.002 0.024 -0.005 0.024**

  (-0.022 - 0.025) (-0.023 - 0.071) (-0.027 - 0.017) (0.004 - 0.044)

First birth -0.054** -0.021 0.057*** -0.005

  (-0.094 - -0.013) (-0.100 - 0.058) (0.016 - 0.097) (-0.041 - 0.031)

Twin -0.067** -0.033 0.065** -0.104***

  (-0.132 - -0.003) (-0.166 - 0.100) (0.000 - 0.130) (-0.166 - -0.041)

Mother under 19 0.025 0.019 -0.027 -0.004

  (-0.018 - 0.068) (-0.060 - 0.098) (-0.070 - 0.016) (-0.041 - 0.033)

Mother over 35 -0.016 0.017 0.011 -0.009

  (-0.055 - 0.022) (-0.038 - 0.073) (-0.028 - 0.049) (-0.040 - 0.023)

Mother primary ed. -0.063*** 0.074*** 0.066*** 0.033**

  (-0.094 - -0.032) (0.024 - 0.124) (0.035 - 0.096) (0.007 - 0.058)

Mother secondary ed. -0.223*** 0.166** 0.224*** -0.052

  (-0.320 - -0.127) (0.023 - 0.308) (0.127 - 0.320) (-0.175 - 0.071)

Constant 0.444*** 0.375** 0.583*** -0.065

  (0.305 - 0.583) (0.086 - 0.663) (0.448 - 0.719) (-0.191 - 0.061)

         
Children 4,889 2,333 4,926 2,333

Villages 449 445 449 409

R-squared 0.280 0.240 0.274 0.247

Notes: Coefficients from linear probability models with fixed effects for village (n in table) and year (n=4).

Discussion
Key results

We found that children born further from health facilities were at higher risk of dying before age �ve.
However, we found no evidence that reductions in distance to the nearest health facility caused by the
construction of new health facilities in rural Malawi between 1980 and 2000 caused a change in the risk
of children dying before age �ve. Similarly, we found that pregnant women living further from health
facilities were more likely to give birth at home, less likely to have at least three antenatal care visits, and
less likely to have skilled assistance at delivery. However, we did not �nd that reductions in the distance to
the nearest health facility changed utilization of any of those three services. We did �nd, surprisingly, that
reductions in distance caused a decrease in the probability that women received a postnatal checkup.
Overall, this suggests that the associations between distance and our outcomes are driven by omitted
variables, such as local burden of disease or social determinants of health (beyond those controlled for
here). 

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 �ve than children in other areas. We
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used a two-way �xed effects 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-speci�c 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 �rst 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 signi�cant. 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 �ve
years prior to the survey, so the sample size was roughly one-sixth 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 at any time in the analysis period.

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 �rst 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.23 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 2004,24 thus it
would not affect the analysis presented here.

Fifth, there is measurement error in our distance measure, which is from the centroid of the village to the
health facility. To the extent that households in a village are not located at the centroid, our measure of
distance is not accurate. We expect over- and under-estimates from this mismeasurement to be equally
likely. Nonetheless, this measurement error would be expected to bias our effect estimates towards the
null.
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There may also be measurement error from facilities that closed between 1980 and 1998 and were not
replaced, because they would not be in the 1998 health facility census. In those cases, we would be
overestimating the true distance from the village to that facility. If shorter distances cause lower mortality,
then our current analysis will underestimate the effect of reducing distance on mortality. However, we �nd
it unlikely that a large number of facilities were shut down and not replaced during a time period when
Malawi’s population nearly doubled, from 6.25 million to 11 million.

Comparison to similar studies

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 later ages.25 A study in a rural Kenyan
districts with high health facility density found no association between travel time and child mortality,26

nor did a case-control study in rural Gambia.27 The �le drawer problem suggests that studies �nding no
relationship between distance and mortality are less likely to be published.28

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.4 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%.29 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.30 Several other observational studies have found a positive association between distance and
under-5 mortality.31–33

Generalizability

The external validity of this study bene�ts from the fact that it used data from villages and health
facilities throughout rural Malawi, over a period of eighteen 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 variables are scarce in Malawi and
other high mortality countries, and more resources should be invested in collecting that information.

Conclusion
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 reducing distances to the nearest facility. This
�nding 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.
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Figures

Figure 1

Number of new health facilities constructed per year in Malawi, 1980 to 1998 Notes: data from national
census of health facilities in 1998 carried out by the Malawi Ministry of Health and the Japanese
International Cooperation Agency
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Figure 2

Map of health facilities and enumeration areas in Malawi Notes: map created by the authors using data
from 1998 Malawi Health Facility Census and the 2000 Malawi Demographic and Health Survey
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Figure 3

Distribution of births by distance from village to nearest health facility, selected years of birth 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.
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Figure 4

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