
Supplementary appendix 

Appendix Table 1: Summary of Service Provision Assessments and facilities included in data analysis 

 Facilities 

Included in 

Analysis 

Census or 

Sample of 

First-Referral 

Hospitals 

Number of 

Surveyed 

Public 

Hospitals of 

Selected 

Level 

Number of 

Surveyed 

Private 

Hospitals 

of Selected 

Level 

Facilities 

not 

Surveyed of 

Selected 

Level 

Number of Total Hospitals of 

Level of Interest in the 

Country, Private and Public 

(from SPA report) 

Population[1] Implied Catchment Size 

for Public and Private 

Facilities at Selected 

Level 

(facilities/population) 

Catchment Size 

Described in 

Report 

Bangladesh 
(2014)[2] 

Public upazila 
health 
complexes 

Sample 140 0 285 425 upazila health complexes, 
53 district hospitals 

159,405,279 
(2014) 

Upazila health complexes 
(375,000), district 
hospitals (3 million) 

Not described 

The 

Democratic 

Republic of 

the Congo 
(2017-
18)[3] 

Public non-
tertiary, non-
provincial 
hospitals 

Sample 
(includes 
>90% of 
general 
referral 
hospitals) 

283 200 491 of 524 
general 
referral 
hospitals 
selected for 
sample* 

524 referral hospitals (includes 
tertiary/provincial/national, 
report does not separate) 

84,004,989 
(2018) 

All referral hospitals 
(160,000), non-
tertiary/provincial referral 
hospitals (~165,000-
175,000) 

Not described 

Ethiopia 
(2014)[4] 

Public primary 
hospitals and 
general 
hospitals 

Census 117 65 8 56 primary hospitals, 134 
general hospitals 

97,366,774 
(2014) 

Primary hospitals (1.7 
million), General hospitals 
(727,000), Combined 
(512,000) 

Targets: Primary 
hospital (60,000-
100,000), 
General hospital 
(1-1.5 million) 

Haiti 
(2013)[5] 

Public 
community 
referral 
hospitals 

Census 25 15 ** 121 hospitals (includes other 
types, report does not separate), 
40 community referral 
hospitals in dataset (census) 

10,431,776 
(2013) 

Community referral 
hospitals (261,000) 

Not described 

Malawi 
(2013)[6] 

Public district 
hospitals and 
rural/community 
hospitals 

Census 43 22 ** 119 hospitals (includes other 
types of hospitals, report does 
not separate); 65 district and 
rural/community hospitals in 
dataset (census) 

16,577,147 
(2013) 

District and 
rural/community hospitals 
combined (255,000) 

Not described 

Nepal 
(2015)[7] 

Public district 
hospitals 

Census 76 0 0 76 district hospitals 28,656,282 
(2015) 

District hospitals 
(377,000) 

Not described 
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 Facilities 

Included in 

Analysis 

Census or 

Sample of 

First-Referral 

Hospitals 

Number of 

Surveyed 

Public 

Hospitals of 

Selected 

Level 

Number of 

Surveyed 

Private 

Hospitals 

of Selected 

Level 

Facilities 

not 

Surveyed of 

Selected 

Level 

Number of Total Hospitals of 

Level of Interest in the 

Country, Private and Public 

(from SPA report) 

Population[1] Implied Catchment Size 

for Public and Private 

Facilities at Selected 

Level 

(facilities/population) 

Catchment Size 

Described in 

Report 

Senegal 
(2016-
17)[8] 

Public hospitals Continuous 
SPA, 
essentially a 
census with 2 
combined 
years 

37 33 *** 68 hospitals  15,850,567 
(2017) 

Hospitals (233,000) Public hospitals 
(423,000) 

Tanzania 
(2014-
15)[9] 

Public district 
hospitals and 
district 
designated 
hospitals 

Census 76 20 ** 265 hospitals (includes other 
types of hospitals, report does 
not separate); 96 district and 
district designated hospitals in 
dataset (census) 

53,879,957 
(2015) 

District hospitals and 
district designated 
hospitals (561,000) 

Not described 

*Calculation not possible with facility types in report table—some of the 524 hospitals include tertiary/provincial hospitals 
**Calculation not possible with facility types in report table, but total number in dataset should be close to total since hospital sample was census  
***Calculation not possible with Senegal survey combined from two years, but should be close to facility census combining the surveys 

For 95% confidence intervals for estimates from countries without censuses of facilities, we used finite population corrections. In Bangladesh, we knew that there 
were 425 total facilities of interest, of which 140 were surveyed, so we corrected using 425 as the total population. In the DRC, tables in the SPA report gave total 
numbers of general referral hospitals but not the specific type of interest to us. The dataset allowed us to exclude tertiary/provincial hospitals, but we were not able 
to obtain the exact number of public first-referral hospitals. In the sample, there were 283 hospitals we included in the analysis. We know that 491 out of 524 
hospitals (including private) were selected for the sample, so 33 were not included. Conservatively, no more than 316 (283+33) facilities could be in the population 
of hospitals of interest. We used this number for the finite population correction as a conservative cap (confidence intervals are therefore conservatively large.
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Appendix Table 2: Variables excluded from Service Provision Assessment surveys or with >10% 

missing data, by country 

Country Variables not included in survey Variables with >10% missing data 

Bangladesh All surgical equipment, oral morphine Oral penicillin, injectable morphine, 
injectable pethidine 

The Democratic 
Republic of the 
Congo 

Injectable morphine/pethidine, oral morphine  

Ethiopia Oral penicillin, oral morphine  

Haiti Oral penicillin, injectable morphine/pethidine, oral 
morphine 

Some surgical equipment 

Malawi - Oral penicillin 

Nepal Oral penicillin, benzathine penicillin, injectable 
morphine/pethidine, oral morphine 

 

Senegal Oral penicillin, injectable morphine/pethidine, oral 
morphine 

Analgesics 

Tanzania Oral penicillin Oral morphine 

*variables asked in only one country include: phenobarbitone tablets (Nepal), diazepam tablets (Bangladesh), 
carbamazepine tablets (Nepal) 
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Appendix Table 3: Indicators in modified Multi-dimensional Poverty Index 

Dimension  Indicator  Deprivation cut-off  

Education  Schooling No household member has completed five years of schooling 

Attendance  Any school-aged child in the household is not attending school up to class 8 

Standard of 
living  

Electricity  The household has no electricity 

Sanitation  The household’s sanitation facility is not improved or it is shared with other 
households 

Water  The household does not have access to safe drinking water or safe water is more than 
a 30-minute walk, round trip 

Floor The household has a dirt, sand, or dung floor 

Cooking fuel  The household cooks with dung, wood, or charcoal 

Assets The household does not own more than one of the following: radio, TV, telephone, 
bike, motorbike, or refrigerator; however, if the household owns a car or truck, they 
do not count as deprived in this category 
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Appendix Table 4: Source of data for Multi-dimensional Poverty Index, by country  

Country Poverty Index 

Survey  

Bangladesh DHS 2014 

The Democratic Republic of the 
Congo 

DHS 2013-14 

Ethiopia DHS 2011* 

Haiti DHS 2012* 

Malawi DHS 2015-16 

Nepal MICS 2014 

Senegal DHS 2015* 

Tanzania DHS 2015-16 

*More recent DHS 2016 available. Estimates do not reflect these new datasets. 
Differences in year between poverty and SPA surveys in each country are 3 years or fewer (DRC 3-4 years) 
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Subnational poverty, hospital density, and availability of services. 

Poverty and service availability 

We defined the prevalence of extreme poverty using a modified version of the Multidimensional Poverty 
Index.[10] We defined extreme poverty using 5 of 8 deprivations (Appendix Table 3). Using household 
survey data from recent surveys (Appendix Table 4), we found the proportion of the population in districts 
or regions that met this definition of extreme poverty.  

To assess whether there might be an association between poverty prevalence in the subnational areas in which 
hospitals are located and the availability of medications and equipment at these hospitals, we conducted 
country-specific regressions using two different specification strategies.  

In our construction of the sets of medication and equipment, there was information loss because the absence 
of one item made the whole set unavailable. To include this information in our assessment of the possible 
association between poverty and availability of medications and equipment, we included each of the 
individual items that are part of the various disease-specific sets (main text Table 1), deduplicating the items 
contained in multiple sets. We calculated the percent of the total items available at each facility. This 
proportion, transformed to logit space, was the outcome in both of our regression specifications. 

In the first regression specification, we regressed the logit-transformed proportion of total items available in 
hospitals (h) on the proportion of population living in poverty (% Pop Poverty) in the subnational area (region 
or district) where the hospital is located. We conducted a separate regression for each country because we 
anticipated different associations were possible in different countries based on differences in health systems 
across countries. 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿(% 𝐼𝐼𝐿𝐿𝐼𝐼𝑚𝑚𝑠𝑠 𝐴𝐴𝐴𝐴𝐴𝐴𝐿𝐿𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼)𝑐𝑐,ℎ = 𝛽𝛽1,𝑐𝑐 + 𝛽𝛽2,𝑐𝑐 ∗% 𝑃𝑃𝐿𝐿𝑃𝑃 𝑃𝑃𝐿𝐿𝐴𝐴𝐼𝐼𝑃𝑃𝐿𝐿𝑃𝑃𝑐𝑐,ℎ + 𝜀𝜀𝑐𝑐,ℎ 

The second specification allowed for nonlinear associations between the two variables. We created bins of 
facilities, grouped using cutoffs in the poverty prevalence variable. To illustrate, in a country where hospitals 
were binned into four groups based on poverty prevalence, the groups would be included as “dummy” 
variables (I) as follows, where I2, I3, and I4 represent the second two groups, while the first group is the 
reference group. 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿(% 𝐼𝐼𝐿𝐿𝐼𝐼𝑚𝑚𝑠𝑠 𝐴𝐴𝐴𝐴𝐴𝐴𝐿𝐿𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼)𝑐𝑐,ℎ = 𝛽𝛽1,𝑐𝑐 + 𝛽𝛽2,𝑐𝑐 ∗ 𝐼𝐼2,𝑐𝑐,ℎ + 𝛽𝛽3,𝑐𝑐 ∗ 𝐼𝐼3,𝑐𝑐,ℎ + 𝛽𝛽4,𝑐𝑐 ∗ 𝐼𝐼4,𝑐𝑐,ℎ + 𝜀𝜀𝑐𝑐,ℎ 

We did two sets of regressions using groups created in two different ways—based on the quartiles of poverty 
prevalence and based on dividing the poverty prevalence range of the subnational units in the country into 
four categories evenly spaced on the scale of poverty prevalence. To create the first category, we ranked the 
hospitals by poverty prevalence in the corresponding subnational unit and calculated the cumulative 
proportion of hospitals. We split groups based on the cumulative proportions closest to 25%, 50%, and 75%. 
To create the second category, we subtracted the poverty prevalence in the lowest-poverty area from the 
poverty prevalence in the highest-poverty area. We then divided this range into four even parts and assigned 
hospitals to the four groups using the poverty prevalence in the subnational unit corresponding to the hospital. 
Sometimes, one of the parts of the range did not contain any of the public first-referral level hospitals. For 
instance, in Ethiopia, the ranges were approximately 2.8-23.925%, 23.925-45.05%, 45.05-66.175%, and 
66.175-87.3%, but there were no subnational units with between 45.05% and 66.175% poverty prevalence. 
In cases with no subnational units in a particular quartile, the model simply had fewer categories. Ranges in 
the other countries were as follows: Bangladesh (22.1-26.725%, 26.725-32.25%, 32.25-37.775%, and 
37.775-43.3%), DRC (2.6-24.35%, 24.35-46.1%, 46.1-67.85%, and 67.85-89.6%), Haiti (21.7-33.925%, 
33.925-46.15%, 46.15-58.375%, and 58.375-70.6%), Malawi (21.4-31.675%, 31.675-41.95%, 41.95-
52.225%, and 52.225-62.5%), Nepal (8.7-12.69167%, 12.69167-16.65%, 16.65-20.60833%, and 20.60833-
24.56667%), Senegal (8.7-19.5%, 19.5-30.3%, 30.3-41.1%, and 41.1-51.9%), and Tanzania (16.3-31.45%, 
31.45-46.6%, 46.6-61.75%, and 61.75-76.9%). 

Scatter plots of the percent of items available and the percent of the population in poverty are found in 
Appendix Figure 1. Points on a vertical line indicate facilities located within the same subnational unit. While 
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Appendix Table 5: Regression results for association between availability of medications and equipment 

at public first-referral level hospitals and poverty in corresponding subnational unit, specification 1 

Country Intercept  
β (SE) 

Logit Poverty Proportion 
β (SE) 

Bangladesh -0.46103 (0.21740)† -0.01428 (0.00743)* 
Democratic Republic of 
the Congo 

0.44823  (0.14464) ‡ -0.00393 (0.00196)† 

Ethiopia 0.43452  (0.41700) 0.00457  (0.00502) 
Haiti -0.30321 (0.36910) 0.00866  (0.00806) 
Malawi -0.05541 (0.55816) 0.00914  (0.01145) 
Nepal 0.57292  (0.19222) ‡ -0.01375 (0.01287) 
Senegal 0.10679  (0.18376) 0.00560  (0.00538) 
Tanzania 0.61029  (0.20044)‡ 0.00048  (0.00351) 

*p < 0.1, †p < 0.05, ‡p < 0.01 

The second set of results, using regressions with hospitals grouped based on ranges of poverty prevalence, 
gave results that were similar in some ways but differed in others. The quartile regression found lower 
availability in the highest-poverty quartile in Bangladesh (p < 0.05), while the regression based on the ranges 
found that the hospitals in the highest poverty range showed lower availability under weaker criteria for 
significance (p < 0.1). In the Democratic Republic of the Congo, the selection of bins made a large difference 
in interpretation. Using quintiles showed lower availability in hospitals in the poverty quintiles above the 
first, while using ranges found higher availability in the third range compared to the first. The plot showed a 
downward trend in availability with poverty in the units with poverty over 50%, but the subnational unit with 
very low poverty created an odd distribution. Similarly, in Ethiopia, the range was made large by few 
hospitals in low-poverty areas, but the specification using quartiles found higher availability in higher-
poverty quartiles (p < 0.01). In Haiti, both methods, but particularly the quartile method, suggested higher 
availability in hospitals in higher-poverty areas. Both methods showed higher availability in the third group 
in Senegal. No association was found in Malawi, Nepal, or Tanzania.  

While both the continuous and binned specifications suggested lower availability in higher-poverty 
subnational units in Bangladesh and the Democratic Republic of the Congo, the story appears more complex. 
The trend in Congo appears to be mostly among the subnational units in higher-poverty areas rather than 
compared to the hospitals in the low-poverty area, evidenced by Appendix Figure 1 and the differing results 
from the bins using the range method rather than the quartile method. Additionally, the binned methods 
suggested availability was higher in high-poverty areas in Haiti and Ethiopia, though somewhat 
inconsistently between the two binning methods. 

From this analysis, we can conclude that there is some evidence for differences in availability of medications 
and equipment across public first-referral level hospitals that may correlate with poverty, though not in a 
consistent manner across countries or across methods of evaluation. There appear to be both positive and 
negative correlations in different locations. More detailed data, for example, relating to poverty in specific 
facility catchment areas, would be necessary to make nuanced claims about inequities in availability of 
medications and equipment. There is variation in availability within subnational units (points oriented 
vertically in Appendix Figure 1), which means that facility catchment area factors, for example, could 
correlate with availability.  Further, to understand the drivers of any patterns, more complex administrative 
data, for instance on supply chains and procurement, would be necessary. 

Poverty and hospital density per population 

Another factor contributing to inequitable access to care for individuals and families living in poverty is 
geographic access to health facilities. The density of health facilities tends to be higher in urban areas for 
many reasons, including availability of human resources and proximity to larger populations. We tested 
whether the density of hospitals per population in subnational areas was associated with the prevalence of 
extreme poverty, both for public first-referral level hospitals and hospitals overall. We excluded Bangladesh 
and the Democratic Republic of the Congo from this analysis. The survey in Bangladesh did not contain a 
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census of first-referral level hospitals, and the survey in the Democratic Republic of the Congo was not as 
close to a complete census as the surveys in the other countries. We totaled the number of first-referral level 
and overall hospitals per subnational area, and calculated the density of hospitals per population. We 
hypothesized that the density of public first-referral level hospitals per population in a subnational area would 
not be associated with subnational poverty because governments tend to distribute these hospitals to have 
relatively consistent catchment areas and to cover the whole population. We hypothesized that the density of 
hospitals overall in a subnational area would be lower in subnational areas with higher poverty because 
hospitals tend to be more concentrated in large urban areas, which tend to have lower poverty prevalence 
than rural areas. We regressed the hospital density per capita in each subnational area (s) on the proportion 
of the population in extreme poverty, pooling countries (c) and including a set of country indicators (I) to 
account for country differences in overall density of facilities.  𝐻𝐻𝐿𝐿𝑠𝑠𝑃𝑃𝐿𝐿𝐿𝐿𝐴𝐴𝐴𝐴𝑠𝑠 𝑃𝑃𝐼𝐼𝑃𝑃 𝑃𝑃𝐿𝐿𝑃𝑃𝑝𝑝𝐴𝐴𝐴𝐴𝐿𝐿𝐿𝐿𝐿𝐿𝑝𝑝𝑐𝑐,𝑠𝑠 = 𝛽𝛽1 + 𝛽𝛽2 ∗ % 𝑃𝑃𝐿𝐿𝑃𝑃 𝑃𝑃𝐿𝐿𝐴𝐴𝐼𝐼𝑃𝑃𝐿𝐿𝑃𝑃𝑐𝑐,𝑠𝑠 + 𝛽𝛽3−7 ∗ 𝐼𝐼𝑐𝑐 + 𝜀𝜀𝑐𝑐 
We also tested a specification including the log of the subnational population in the subnational area as a 
predictor, as one might expect high-population areas to have a greater density of hospitals because of 
concentration of resources in large urban centers. 

We found no association between the density of public first-referral level hospitals per population and poverty 
prevalence. Meanwhile, the density of hospitals per population overall was lower in higher-poverty areas (p 
< 0.01). The log of the population was a significant predictor, but its inclusion did not substantially change 
the results. These findings are consistent with our hypothesis that the density of public first-referral level 
hospitals is relatively consistent with respect to poverty prevalence but that hospitals overall are more 
common in higher-population, lower-poverty areas. These findings reinforce that availability of services at 
public first-referral level hospitals is important for equity, as these facilities are more evenly distributed with 
respect to poverty prevalence. However, these findings do not incorporate information about other aspects of 
accessibility including travel time, distance, or fees, for example. 
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Appendix Table 6: Regression results for association between availability of medications and equipment 

at public first-referral level hospitals and poverty in corresponding subnational unit, specification 2 

Country Hospitals Grouped in Quartiles Hospitals Grouped in Even % Ranges 

Bangladesh     
 Intercept β (SE) -0.62287 (0.11719) ‡ Intercept β (SE) -0.80940 (0.07400) ‡ 
 Q1 β (SE) Ref R1 β (SE) Ref 
 Q2 β (SE) -0.30865 (0.16214)* R2 β (SE) 0.07353  (0.19378) 
 Q3 β (SE) -0.20948 (0.16996) R3 β (SE) -0.12964 (0.15309) 
 Q4 β (SE) -0.38529 (0.15402) † R4 β (SE) -0.28969 (0.17061)* 
Democratic Republic of the Congo     
 Intercept β (SE) 0.43720  (0.06017) ‡ Intercept β (SE) -0.00119 (0.15268) 
 Q1 β (SE) Ref R1 β (SE) Ref 
 Q2 β (SE) -0.41962 (0.10040) ‡ R2 β (SE) ND 
 Q3 β (SE) -0.26806 (0.08826) ‡ R3 β (SE) 0.51809  (0.16598) ‡ 
 Q4 β (SE) -0.54222 (0.09452) ‡ R4 β (SE) 0.04153  (0.15815) 
Ethiopia     
 Intercept β (SE) 0.51980  (0.09484) ‡ Intercept β (SE) 1.06471  (0.55630)* 
 Q1 β (SE) Ref R1 β (SE) Ref 
 Q2 β (SE) 0.47039  (0.13900) ‡ R2 β (SE) -0.33381 (0.68133) 
 Q3 β (SE) 0.40906  (0.15384) ‡ R3 β (SE) ND 
 Q4 β (SE) 0.33925  (0.12635) ‡ R4 β (SE) -0.25477 (0.55874) 
Haiti     
 Intercept β (SE) -0.26178 (0.20445) Intercept β (SE) -0.26178 (0.22762) 
 Q1 β (SE) Ref R1 β (SE) Ref 
 Q2 β (SE) 0.88173  (0.30094) ‡ R2 β (SE) 0.64785  (0.31168)* 
 Q3 β (SE) -0.10821 (0.30094) R3 β (SE) 0.03122  (0.33505) 
 Q4 β (SE) 0.59917  (0.30094)* R4 β (SE) 0.71651  (0.37747)* 
Malawi     
 Intercept β (SE) 0.31416  (0.29877) Intercept β (SE) 0.71179  (0.41719)* 
 Q1 β (SE) Ref R1 β (SE) Ref 
 Q2 β (SE) -0.21344 (0.36996) R2 β (SE) -0.69985 (0.48718) 
 Q3 β (SE) 0.40502  (0.41061) R3 β (SE) -0.51035 (0.5014) 
 Q4 β (SE) 0.20861  (0.39266) R4 β (SE) -0.10884 (0.45901) 
Nepal     
 Intercept β (SE) 0.60827  (0.13866) ‡ Intercept β (SE) 0.41107  (0.08195) ‡ 
 Q1 β (SE) Ref R1 β (SE) Ref 
 Q2 β (SE) -0.30927 (0.1935) R2 β (SE) -0.08995 (0.20569) 
 Q3 β (SE) -0.28595 (0.20214) R3 β (SE) ND 
 Q4 β (SE) -0.29735 (0.18514) R4 β (SE) -0.10801 (0.18465) 
Senegal     
 Intercept β (SE) 0.09308  (0.13972) Intercept β (SE) 0.09308  (0.13939) 
 Q1 β (SE) Ref R1 β (SE) Ref 
 Q2 β (SE) 0.32670  (0.24770) R2 β (SE) ND 
 Q3 β (SE) 0.58337  (0.23691) † R3 β (SE) 0.46359  (0.19713) † 
 Q4 β (SE) -0.05308 (0.2477) R4 β (SE) -0.05308 (0.24711) 
Tanzania     
 Intercept β (SE) 0.57313  (0.14036) ‡ Intercept β (SE) 0.57313  (0.14786) ‡ 
 Q1 β (SE) Ref R1 β (SE) Ref 
 Q2 β (SE) 0.23783  (0.17626) R2 β (SE) 0.22976  (0.22732) 
 Q3 β (SE) -0.22383 (0.18377) R3 β (SE) 0.25603  (0.27662) 
 Q4 β (SE) 0.23898  (0.20201) R4 β (SE) 0.01739  (0.17122) 

*p < 0.1, †p < 0.05, ‡p < 0.01, ND=No Data 
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