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1 Test for recall bias 

 Since the outcome was measured via retrospective reporting of events, we checked the 

data for indications of recall bias. Selective omission of births that did not survive, for example, 

would lead to underestimation of mortality rates. If early neonatal deaths (deaths in the first week 

of life) were selectively underreported, the result would be an unusually low ratio of deaths 

under seven days to all neonatal deaths (deaths in the first 28 days of life) and an unusually low 

ratio of neonatal to infant deaths (deaths in the first year of life). Births further back in time may 

be more likely to be omitted; thus a common data quality check is to examine the ratios over 

time. The MDHS report shows that the proportion of neonatal deaths in the first week of life was 

high (67%) and was roughly constant over the 20 years before the survey (66-71%). In addition, 

the proportion of infant deaths during the first month of life (42%) was comparable to that 

observed in other similar countries 15 and was stable over the 20 years before the survey (38-

44%). Therefore we concluded that recall bias is not a significant concern in this study. 

2 Additional results 

 

Child survival by age followed a typical pattern for high mortality areas (Figure A1). 

Five percent of children died in the first month, followed by a flattening out of the hazard rate 

over the next 59 months of life. Over 20% of children on average over the study period died 

before age 5.  

Figure A1 Kaplan-Meier curve for analysis sample 
 time unit = month 



 

 The number of deaths per year (Figure A2) reflects both the change in number of children 

born per year and the change in the death rate over time. Deaths increased steadily from a low of 

46 in 1980 to 275 in 1994, then decreased for two years before increasing again to the maximum 

of 312 in 1999.  

Figure A2. Deaths per year in analysis sample 
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3 Sensitivity analysis using alternative model specifications 

 

We fit four additional models to assess the sensitivity of our results to model specification:  

(1) Cox model with dummy variables for villages (n=449), no covariates1 

ℎ(𝑎𝑔𝑒)𝑖𝑣𝑦 = ℎ(𝑎𝑔𝑒)0 exp[𝛩𝑣𝑉𝑖𝑙𝑙𝑎𝑔𝑒𝑣 + 𝛼𝑦𝑌𝑒𝑎𝑟 𝑜𝑓 𝑏𝑖𝑟𝑡ℎ𝑦 + 𝛿1−6(𝑁𝑒𝑤 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑣 ∗ 𝑃𝑜𝑠𝑡𝑦)], 

where:  ℎ(𝑎𝑔𝑒)0 = the baseline hazard of child death by age 𝑉𝑖𝑙𝑙𝑎𝑔𝑒𝑣 = 1 if child 𝑖 was  

born in village 𝑣, 𝑌𝑒𝑎𝑟𝑜𝑓𝑏𝑖𝑟𝑡ℎ𝑦
= 1 if child 𝑖 was born in year 𝑦, and 𝑁𝑒𝑤 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑣 ∗ 𝑃𝑜𝑠𝑡𝑦 = 

1 in any year y that occurs after the construction of a new facility in village v, that results in one 

of six possible changes in distance category. 

(2) Cox model with shared frailty term for village-specific effects, full covariates 

This is the survival analysis analogue to linear regression with a random intercept for each 

village: 

ℎ(𝑎𝑔𝑒)𝑖𝑣𝑦 = ℎ(𝑎𝑔𝑒)0exp [𝛼𝑦𝑌𝑒𝑎𝑟_𝑜𝑓_𝑏𝑖𝑟𝑡ℎ𝑦 + 𝛿1−6(𝑁𝑒𝑤 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑣 ∗ 𝑃𝑜𝑠𝑡𝑦)  + 𝜷𝑿𝒊𝒗𝒕 +

𝑊𝑣𝜑] 

where: ℎ(𝑎𝑔𝑒)0 = the baseline hazard of child death by age, 𝑌𝑒𝑎𝑟_𝑜𝑓_𝑏𝑖𝑟𝑡ℎ𝑦 =

1 if child 𝑖 was born in year 𝑦, and 𝑁𝑒𝑤 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑣 ∗ 𝑃𝑜𝑠𝑡𝑦 = 1 in any year y that occurs after 

the construction of a new facility in village v, that results in one of six possible changes in 

distance category, 𝑿𝑖𝑣𝑡 = a vector of controls, namely indicators if the child is a first birth, 

                                                            
1 A model with dummy variables for village-specific effects and covariates failed to converge. 



mother’s age at birth, and mother’s education, and 𝜃𝑣 = exp(𝑊𝑣𝜑) is the village-specific frailty 

term, assumed to be Gamma distributed with mean 1.  

(3) Weibull model with gamma distributed village-specific frailty term, no covariates 

In both Weibull models, the variables are defined as above, with the addition of the ancillary 

parameters p (shape) and a (location). 

ℎ(𝑎𝑔𝑒)𝑖𝑣𝑦 = 𝑝 ∗ (𝑎𝑔𝑒)𝑝−1exp [𝛽𝑦𝑌𝑒𝑎𝑟 𝑜𝑓 𝑏𝑖𝑟𝑡ℎ𝑦 + 𝛿1−6(𝑁𝑒𝑤 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑣 ∗ 𝑃𝑜𝑠𝑡𝑦) + 𝑎] 

(4) Weibull model with gamma distributed village-specific frailty term, full covariates 

ℎ(𝑎𝑔𝑒)𝑖𝑣𝑦 = 𝑝 ∗ (𝑎𝑔𝑒)𝑝−1exp [𝛽𝑦𝑌𝑒𝑎𝑟 𝑜𝑓 𝑏𝑖𝑟𝑡ℎ𝑦 + 𝛿1−6(𝑁𝑒𝑤 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑣 ∗ 𝑃𝑜𝑠𝑡𝑦) + 𝜷𝑿𝒊𝒗𝒕 +

𝑎] 

Results 

Generally, we found that the results from these models are qualitatively similar to those 

presented in the main text (Table A1). In the Cox model with dummy variables for village fixed 

effects (Table A1, column one), we found that a reduction in the distance to the nearest health 

facility from 5-10km to 2-5km reduces the hazard of under-5 mortality by 15.2% (p=0.044). A 

reduction from >10km to 2-5km caused a marginally significant reduction of 11.4% (p=0.09). 

None of the other treatment categories had significant affects. In the Cox model with a shared 

frailty term (Table A1, column two), we found that a reduction in the distance to the nearest 

health facility from 5-10km to 2-5km reduced the hazard of under-5 mortality by 10.2% but was 

not significant (p=0.16). In the Weibull model without covariates (Table A1, column three), we 

found that a reduction in the distance to the nearest health facility from 5-10km to 2-5km 



reduced the hazard of under-5 mortality by 16% (p=0.044). With covariates (Table A1, column 

four), the effect was reduced to 14.4% and was only marginally significant (p=0.07).  

Table A1. Alternative specifications for the effect of increased access to health care on 

under-5 mortality in rural Malawi, 1980-2000 

 

  

Model type = Cox Cox Weibull Weibull

Hazard ratio Hazard ratio Hazard ratio Hazard ratio

Treatment or control variable (95% CI) (95% CI) (95% CI) (95% CI)

>10km to 5-10km 0.918 1.033 0.984 0.981

(0.823,1.023) (0.9,1.187) (0.849,1.139) (0.849,1.134)

>10km to 2-5km 0.886 * 1.003 0.986 0.999

(0.773,1.016) (0.837,1.201) (0.81,1.2) (0.824,1.212)

>10km to <2km 0.916 0.917 0.940 0.932

(0.721,1.163) (0.674,1.247) (0.685,1.289) (0.682,1.272)

5-10km to 2-5km 0.848 ** 0.898 0.840 ** 0.856 *

(0.743,0.968) (0.764,1.055) (0.709,0.995) (0.724,1.013)

5-10km to <2km 0.947 1.050 0.966 0.976

(0.756,1.186) (0.806,1.368) (0.737,1.266) (0.747,1.275)

2-5km to <2km 0.891 1.061 1.012 1.028

(0.623,1.276) (0.693,1.624) (0.636,1.609) (0.65,1.625)

First birth 1.041 0.986

(0.95,1.14) (0.9,1.08)
Mother under 19 1.392 *** 1.042 ***

(1.274,1.522) (0.941,1.153)

Mother over 35 1.024 1.411

(0.925,1.133) (1.29,1.543)

Mother has primary education 0.844 *** 0.848 ***

(0.791,0.9) (0.795,0.905)

Mother has secondary education 0.428 *** 0.442 ***

(0.295,0.621) (0.305,0.641)

Observations 22,088 22,088 22,088 22,088

Year of birth FE YES YES YES YES

Village effects dummy vars shared frailty shared frailty shared frailty

*** p<0.01, ** p<0.05, * p<0.1

Standard errors in parentheses



4 Tests of the proportional hazards assumption 

 

 The Grambsch and Therneau test of the proportional hazards assumption identified two 

covariates as violating the proportional hazards assumption, namely, the fixed effects for 

children born in 1988 and 1991 (Table A2). However, visual inspection of the plots of the scaled 

Schoenfeld residuals for those two covariates against survival time revealed that the change in 

slope was not substantially significant (Figures A3 & A4). We concluded that the proportional 

hazards assumption is reasonable for this analysis. 

  



Table A2  Grambsch and Therneau test for non-proportional hazards applied to Model 2 

  

  

variable rho chi-sq df prob>chi-sq

>10km to 5-10km -0.020 1.69 1 0.19

>10km to 2-5km 0.011 0.42 1 0.52

>10km to <2km 0.001 0.01 1 0.92

5-10km to 2-5km 0.020 1.65 1 0.20

5-10km to <2km -0.011 0.53 1 0.47

2-5km to <2km 0.008 0.23 1 0.63

First birth -0.023 2.53 1 0.11

Mother under 19 -0.024 2.61 1 0.11

Mother over 35 -0.017 1.27 1 0.26

Mother has primary education -0.012 0.57 1 0.45

Mother has secondary education -0.007 0.24 1 0.63

Dummy for child born in: 

1981 -0.003 0.03 1 0.86

1982 0.005 0.09 1 0.77

1983 -0.001 0 1 0.96

1984 -0.010 0.42 1 0.51

1985 -0.001 0 1 0.95

1986 -0.014 0.8 1 0.37

1987 -0.037 5.99 1 0.01

1988 -0.023 2.29 1 0.13

1989 -0.017 1.17 1 0.28

1990 -0.003 0.05 1 0.82

1991 -0.033 4.56 1 0.03

1992 -0.027 3.1 1 0.08

1993 -0.006 0.13 1 0.71

1994 -0.021 1.94 1 0.16

1995 -0.024 2.52 1 0.11

1996 -0.011 0.53 1 0.47

1997 -0.018 1.46 1 0.23

1998 -0.022 2.01 1 0.16

1999 -0.019 1.47 1 0.22

2000 -0.014 0.83 1 0.36

Global test 46.07 31 0.0399



Figure A3 Scaled Schoenfeld residuals for 1989 birth dummy vs analysis time 

 

Figure A4 Scaled Schoenfeld residuals for 1991 birth dummy vs analysis time 
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