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Abstract

THE EFFECT OF GEOGRAPHY AND DEMOGRAPHY ON OUTCOMES OF
UGANDAN EMERGENCY DEPARTMENT PATIENTS

By Kyle Tiemeier

Background: In Sub-Saharan Africa (SSA) geography represents a significant challenge
to accessing health services. Patients’ ability to negotiate these challenges is strongly
influenced by poverty, urban versus rural household location (urbanicity), and
transportation options. Numerous studies have demonstrated the influence of these
factors on healthcare access, but their influence on health outcomes has not been well
understood. Geographic barriers to healthcare access and outcomes in the clinical
context of emergency care in SSA have not been studied. Understanding the influence of
these factors on emergency care access and outcomes can inform future emergency care
development and resource allocation among central hospital-based care and pre-hospital
care and transportation.

Methods: An emergency department in Rukungiri district, Uganda has collected patient
demographic, geographic and outcome data since 2009. We used geographic imaging
systems to measure and categorized patient distance-to-hospital into <skm, 5 to <10km,
and 10km+ tertiles. Urbanicity and poverty data was available at the subcounty level. We
used logistic regression modeling to evaluate if patients’ distance-to-hospital is
associated with 3-day mortality, controlling for urbanicity, poverty prevalence, age,
gender and dry versus rainy season.

Results: 3767 Rukungiri residents with sufficient geographic information were treated in
the emergency department from November 2010 to November 2012, with an observed 3-
day mortality of 2.0%. Distance-to-hospital was found to be positively associated to 3-
day mortality after controlling for poverty, urbanicity, age and malnutrition. Compared
to patients living <skm from the hospital, patients living 5km to <10km from the
hospital had 1.7 times the odds of 3-day death (95% CI: 0.8-3.7, p=0.155), and patients
living 10km+ from the hospital had 2.2 times the odds of 3-day death (95% CI: 1.0-5.0;
P=0.048).

Conclusion: Distance-to-hospital is an independent risk factor for 3-day mortality of
emergency department patients after controlling for other demographic risk factors. This
may have implications for the future development of emergency care in Uganda and SSA.
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Introduction

In Sub-Saharan Africa geography represents a significant barrier to accessing
healthcare. The terrain and the distance between people’s homes and health
facilities can pose challenges to seeking preventive and curative healthcare.
People’s ability to negotiate these challenges is strongly influenced by a number
of economic and demographic factors. In more remote areas road and
communication infrastructure can be poor, the population tends to be more
impoverished, adequate health facilities are often far away and rains can render
roads impassable. These factors result in both slower and costlier transportation
(1). Patients living farther from health facilities have been found to utilize health
facilities later and less frequently (1—3), and they receive less preventive
healthcare (4). In the context of urgent and emergent health conditions, which
necessitate rapid access to appropriate care, geographic barriers are all the more

relevant.

There are a number of distinct features of Ugandan demography, economics and
health relative to other countries in Sub-Saharan Africa (SSA) (Table 1). These
features may have strong implications for geographic access to healthcare and
demand for healthcare. This study aims to quantify the effect of geographic
determinants on the outcomes of patients with urgent and emergent healthcare
conditions in Uganda. The field of emergency care training, provision and
research is in early stages of development in Uganda—as it is in numerous

countries in SSA—and momentum is building (5—7). As emergency care



continues to develop, there is a need to further understand the geographic

determinants to emergency care access and outcomes.

Background

Sub-Saharan Africa (SSA)

Numerous studies have sought to measure the association between geography
and healthcare access in SSA. While we are aware of no studies that have
investigated this specifically in the context of emergent care, a number of studies
have investigated the relationship between pediatric patient mortality and
distance-to-health-facilities. The results of these studies have been inconsistent.
A positive correlation between pediatric mortality and distance-to-health-facility
has been found in community-based studies of children under 5 in rural Tanzania
(4) and of infants in Burkina Faso (8). A hospital-based study also found this
positive correlation among children with malaria admitted to a district hospital in
Zambia (9). A study of infants less than 4 months in rural Congo showed a trend,

but this was not statistically significant (10).

Other studies, however, have found no association between distance-to-health-
facility and health outcomes. There was no significant association between
pediatric mortality and distance-to-health facility in population-based studies of
infants in rural South Africa (11) and of children under 5 in rural Kenya (12). A
study of children under 5 in a mixed urban-rural population in Gambia did show

a univariate association between pediatric mortality and distance-to-health



facility, but this association disappeared when controlling for urban versus rural

household location (13).

Moisi et. al. postulate that the inconsistencies in these results may be in part
attributed to differences in the density of health services among the study sites
(12). Below a certain density of health services, Moisi states that distance-to-
health-facility may remain a relevant risk factor to pediatric mortality. This is
supported by the studies in Burkina Faso and Congo, which have a relatively low
density of health services and did demonstrate a positive correlation between
pediatric mortality and distance-to-health center (8,10). Moisi’s study in Kenya,
which has a higher density of health services, did not show a correlation.
However, this hypothesis is not supported by Schellenberg et. al., as they found a
statistically significant correlation in Tanzania where the density of health
facilities is relatively high (75% of households reside within 5 km of a health

center).

We are aware of two non-pediatric studies in sub-Saharan Africa which suggest a
positive correlation between distance-to-health-facility and mortality among
patients receiving outpatient TB treatment (14) and obstetric patients (15).
However, the methodology of these studies makes it more difficult to make a

conclusion.

In sub-Saharan Africa the body of literature that has attempted to quantify

geographic determinants of healthcare access and health outcomes is



inconclusive and is almost entirely within the context of pediatrics. We are not
aware of studies that have investigated this topic in the setting of Uganda or in

the clinical context of emergency care.

Uganda

Only 16% of Uganda’s population resides in urban areas, making it the second-
least urban of 47 measured countries in sub-Saharan Africa (Table 1).
Simultaneously, it is also a relatively densely populated country (85t percentile
of 47 sub-Saharan African countries measured) (16). Urban versus rural
residence (referred to as urbanicity in this paper) encompasses a number of

factors that makes it more difficult to negotiate geographic barriers to healthcare.

Transportation to health facilities is more challenging to secure in rural areas.
Emergency transportation, if it exists, is often hindered by lack of ability to call
someone with an appropriate vehicle (17). Bicycles and motorcycles tend to be the
most accessible form of transportation in rural Uganda. For laboring women,
whose transportation needs resemble those of acutely ill and incapacitated
emergency patients, these forms of transportation were found to be inappropriate
and not fast enough (18). Rural areas also have less developed road infrastructure
that is more susceptible to adverse weather (18—20). Furthermore rural areas are
more remote from health facilities (19,20). One study estimated that Ugandan
patients travel an average of 33 km to reach the nearest hospital (21). All of this
may explain why rural populations were found to have an higher direct and

indirect cost of seeking healthcare (1).



Rural populations tend to be poorer than urban populations, have more risk
factors for illness and have worse health outcomes. In urban Uganda 9.1% of the
population is below the urban poverty line, while 27% of the rural population is
below the rural poverty line. This discrepancy is consistent in Rukungiri district,
the site for this study. Using a different estimator of poverty, 2.9% of the one
urban subcounty in Rukungiri was categorized as impoverished. In contrast,
6.4%-9.5% of the population in rural subcounties was found to be impoverished
(22). Access to water and sanitation is also poorer in rural areas. Ninety five
percent of urban Ugandans have access to improved water source and sanitation
facilities. In comparison, 68% of rural Ugandans have access to improved water
sources, and 34% have access to improved sanitation facilities (16). Rural

populations also suffer higher morbidity and mortality (1,9,13).

Uganda is relatively poor by SSA standards, ranking 38t of 47 SSA countries by
GDP per capita (16). Being poor has a number of implications for healthcare
access and outcomes. For the poor, there is a greater opportunity cost to seeking
healthcare (23). This may partially explain why the poorest quintile of Ugandans
was approximately twice as likely to indicate distance to health facility as a
constraining factor and 2.4 times more likely to report ill health compared to the

wealthiest quintile, (23,24).

The Ugandan government has attempted to address the financial limitations to

healthcare access. In 2001 it abolished user fees for government health facilities,



which includes 48% of Ugandan hospitals and 67% of lower-level health centers
(25,26). During this period outpatient visit attendance in government facilities
nearly doubled, from 9.3 million visits in 2000 to 17.1 million in 2003. The
poorest quintile of Ugandans also benefited from this elimination of user fees.
They reported an increase in healthcare seeking when sick from 46% of
respondents in 2000 to 73% of respondents in 2003 (26).The increase in
healthcare utilization was much less pronounced in public not-for-profit health
facilities, where user fees were still maintained (20,27). However abolishing user
fees does not eliminate the financial limitations of healthcare access. In
comparison to public not-for-profit health facilities, government health facilities
tend to be much more undersupplied and patients’ attendants must frequently go

out to purchase medications and supplies for treatment in these facilities.

Methods

Study Population, Location and Data Collection

We conducted a retrospective cohort study of patients presenting to Karoli
Lwanga Hospital emergency department in the district of Rukungiri, Uganda.
Rukungiri is a rural agricultural district in southwest Uganda with a population
of 275,162 (34). Rukungiri district is divided into 11 subcounties and the
subcounties are further divided into 73 parishes. Karoli Lwanga Hospital is a
district-level not-for-profit hospital. District hospitals are the lowest-level health
facilities that are staffed by physicians. The hospital resides just outside
Rukungiri Town Council, the only urban area in the district (Figure 1). In 2008-9,

Karoli Lwanga Hospital partnered with the non-profit organization Global



Emergency Care Collaborative (GECC) to construct an emergency department
and run 2-year training programs for nurses to become mid-level providers
specialized in emergency care. The Karoli Lwanga Hospital emergency
department has provided emergency care to patients since this time, and it is the
only known health facility in Uganda that is staffed by trained specialists in

emergency care.

The emergency department receives patients triaged as high and moderate
acuity, patients requiring minor surgical procedures not appropriate for the
operating theater, all pediatric malnutrition patients and outpatients requiring
indwelling urinary catheter changes. The inpatient ward occasionally sends
patients to the emergency department to receive procedures requiring sedation
or pain control. After the outpatient clinic closes in the afternoon the emergency
department receives all the new patients until it closes at approximately
midnight. The emergency department does not see patients receiving obstetric
care, outpatient preventive and primary care, dental care, patients admitted to
the hospital directly from outpatient clinic or any patient who arrived at the
hospital when the emergency department was closed, typically between midnight

and 8:00 AM.

Formal pre-hospital emergency response and transport services are minimally
developed in Rukungiri district, and few people make use of them. Ambulances

are typically staffed by a driver who has very limited medical training and few



medical supplies. The vast majority of patients arrived to the emergency

department by means of their own transportation,

Since November 2009 GECC has maintained a quality assurance database on all
patients seen in the emergency department. Data collected in the emergency
department included patient demographics, the parish in which they reside, vital
signs, lab results, diagnoses, treatments administered and patient disposition.
Follow-up data on patient survival/mortality was collected from hospital records
on the third day after being seen in the emergency department. Considering the
working hours of the emergency department and data collection staff, patient
survival was determined between 56-80 hrs (2 -3 days) after treatment in the
emergency department. Patients provided a phone number of themselves, a
neighbor or a family member when they registered in the emergency department.
If the patient had been discharged by the 31 day, follow-up was attempted by

phone between day 3 to day 10.

Clinical and Demographic Variables

The study dataset includes all emergency department patients from November
2009 to November 2011 who reported living within Rukungiri district. Patients
excluded from the study include non-Rukungiri residents, Rukungiri residents
without geographic information precise enough to be placed into a distance-to-

hospital group and patients with missing residence data (Figure 2).



Death within 3 days of presenting to the emergency department is the primary
outcome of this study. This study included patients who died in-transit to the
hospital, in the emergency department in the hospital ward and after discharge
from the hospital. Patients with an undetermined date of death (n=12) were not

included in the 3-day death outcome.

Initial blood pressure of emergency department patients was obtained using
manual sphygmomanometers upon patient presentation to the emergency
department. Initial systolic blood pressure was dichotomized to greater-than and
less-than-or-equal-to 8omm Hg (35,36). This variable did not include patients
under 18 years of age. Patients who died in transit to the emergency department

were categorized as “missing” for blood pressure.

Patient age was categorized into <1 year, 1-4 years, 5-17 years, 18-49 years, and

>49 years.

The diagnosis of malnutrition in this study was defined as children age 6-60
months with moderate or severe acute malnutrition, following WHO and
UNICEF diagnostic standards (bilateral pitting edema, > 2 standard deviations
below average middle upper arm circumference [MUAC] or > 2 standard

deviations below average weight-for-height or weight-for-length) (37).
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Geographic and Population Variables

A political map of Rukungiri was obtained from a database maintained by the
International Livestock Research Institute (ILRI) that included borders of
Rukungiri’s subcounties and parishes. Each parish contained a population-

weighted centerpoint (22).

Individual-level socioeconomic status data (SES) have been found to be more
associated to all-cause mortality than area-level measures of SES. However when
individual-level data is unavailable, area-level SES measures are often used to
explore associations to all-cause mortality (38). Poverty prevalence at the
subcounty level was estimated by a team from the World Bank, Uganda Bureau of
Statistics and the ILRI. Rukungiri Town Council (a subcounty equivalent) had
poverty prevalence of 2.86%, and the other subcounties had poverty prevalence
ranging from 6.43% to 9.46% (22). Poverty was categorized into 3 groups: “low”
for subcounties with poverty prevalence of 2.86% to <5%, “moderate” for 5% to <

7.5% and “high” for 7.5% to 9.46%.

Patients’ distance-to-hospital was estimated as the straight-line distance between
Karoli Lwanga Hospital and the population-weighted centerpoint the patient’s
parish of residence. The GPS coordinates of the hospital were identified on
Google Maps (39). The straight-line distance-to-hospital was calculated with
ArcGIS. Patient distance-to-hospital was then grouped into three categories of

”

“less than 5 km”, “skm to <10km”, and “10km or farther” (Table 1).
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Some subcounties resided entirely within one of the distance-to-hospital tertile
groups. Patients who lived in these subcounties but who had missing parish-level

data (n=389) were also included in analysis.

Data collected before November 22, 2010 was excluded from analysis (n=4723)
because geographic data collection was poor during this time period (10.7% of
patients records included a district of residence), in comparison to after this date

(n=6211, 89.0% of patient records had a district of residence).

Wet season in Rukungiri district was classified as October to April and was
defined by an average monthly rain precipitation of 25mm or greater (40).
Patients were assigned “wet season” or “dry season” based on the date of their

visit to the emergency department.

Analysis

Logistic regression modeling was employed to evaluate the association between
distance-to-hospital and patient mortality as a primary outcome. Potential
interaction and confounding was evaluated for patient age group, patient sex,
malnutrition, wet season versus dry season, urbanicity and poverty prevalence.
Statistical analysis was performed using SAS 9.2 (Cary, NC). Statistical
significance was set at p<0.05. All study covariates were assessed for collinearity
using the criteria of a variance inflation factor of 10 or greater. Potential
interaction terms were removed by backward elimination until remaining terms

were statistically significant. Confounding variables were removed from the
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model if they changed the primary exposure-to-outcome AOR by less than 10%.
The final logistic model was assessed for goodness-of-fit with the Hosmer-

Lemeshow test.

Rukungiri Town council had “low” poverty prevalence and was “urban,” while the
remaining 10 subcounties were rural and had “moderate” or “high” poverty
prevalence. Malnutrition and age group were kept a priori as confounders in the
logistic model. An outreach program actively identified pediatric malnutrition
patients in remote parishes in Rukungiri district and brought them to the Karoli

Lwanga Hospital emergency department.

Results

Karoli Lwanga Hospital emergency department treated 4878 Rukungiri district
residents between November 22, 2010 and November 30, 2012 (Table 2). We
observed 87 deaths (1.8%) occurring within three days of emergency department

presentation among this cohort.

Patients living closer to the hospital were more represented in the emergency
department patient population. Among the 3767 patients with distance-to-
hospital data, 46.1% (n=1736) lived less than 5 km from the hospital (Table 3).
This <skm distance-to-hospital tertile also included the only subcounty in
Rukungiri district that was “urban, low poverty” (Figure 1). 19.1% of patients lived
between 5km and <10km from the hospital, and 34.8% lived 10km or more from

the hospital.



13

Distance-to-hospital was found to be positively associated to 3-day mortality on
univariate analysis, using the <skm distance-to-hospital as a reference group
(Table 3). On multivariate analysis this relationship continued to be significant
for the 10km+ distance-to-hospital group (AOR: 2.2; 95%CI: 1.0-5.0; p=0.048),
but became insignificant for the 5 to <10 km group (AOR: 1.7; 95% CI: 95%CI.:
0.8-3.7; p=0.155), controlling for poverty, urbanicity, age group and pediatric
malnutrition. Gender and season were not included in the final model, as they

were not identified as potential confounders.

Urbanicity had a statistically significant association to 3-day mortality on
univariate analysis. The odds of 3-day death were 3.5 times higher for patients
from rural subcounties in comparison to the one urban subcounty (CI: 1.4-8.4;
p=0.0090). However, this association also became insignificant when controlling

for distance-to-hospital, poverty group, age group and malnutrition.

Low initial blood pressure was found to be strongly associated to mortality on
univariate analysis (OR: 5.0; 95% CI: 2.2-11.4; p<0.001). However, only 13.7% of
patients who died within 3 days had low blood pressure on their initial

presentation (77 of 51 deaths).

The age group 5-14 yrs had a markedly lower mortality (0.6%) than the other age

groups (1.8% to 2.3%). Compared to patients age 15-49, patients age 4-15 had 0.3
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times the odds of 3-day mortality (95% CI: 0.1-0.8; p=0.018). Age group, dry

season and gender had no statistically significant association to 3-day mortality.

Discussion

This study supports the hypothesis that distance-to-hospital is an independent
risk factor for 3-day mortality of emergency department patients in rural Uganda,
when controlling for poverty, urbanicity, age group and the hospital’s
malnutrition outreach program. Odds of death were 2.2 times higher for
emergency department patients living greater than 10km from the hospital
compared to the referent group of patients living less than 5 km from the
hospital. While the 3-day mortality between the “skm to <10km” group was not
significantly different from the referent group (p=0.155), the AOR of 1.7 did
suggest a strong trend that was also consistent with the study hypothesis. It is

possible that the study was not adequately powered for this comparison.

Distinguishing the effect of distance-to-health-facility from urbanicity is
particularly relevant in Uganda, where relatively little of the population lives in
urban areas. The results suggest that greater resources should be dedicated
toward developing pre-hospital emergency care systems. Lower-level health
centers are more plentiful and typically more geographically accessible than
district-level hospitals. Improving the capabilities of these health centers to
assess and treat emergency patients may mitigate some of the geographic

determinants of mortality.
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Emergency transportation is currently poorly developed in rural Uganda, and
expanding emergency transportation services may improve the disparities in
emergency health outcomes among remote populations. Furthermore, the
literature on financial determinants of healthcare access in Uganda suggests that

the more affordable these services are, the more widely they will be utilized.

Low blood pressure is widely known risk factor for mortality, and this study
supports this association. Consequently, we hypothesized that low initial systolic
blood pressure may be an appropriate secondary outcome. While we observed a
strong univariate relationship between low blood pressure and mortality, low
initial blood pressure had only 13.7% sensitivity for 3-day mortality (7 out of 51
deaths). For this reason we determined that low-blood pressure would not be an

appropriate secondary outcome to approximate mortality.

There are a number of limitations to this study. This was an emergency
department-based study and therefore inferences cannot be made about patients
with urgent and emergent conditions who were unwilling or unable to seek care
at Karoli Lwanga Hospital. Compared to patients residing close to the hospital,
patients residing farther away may seek care from closer, lower-level health
centers and only make the relatively long and costly journey to the hospital for
more life-threatening emergencies. This may elevate the 3-day mortality

observed for these patients relative to patients living closer to the hospital.

We believe that data collection was very strong for 3-day mortality of patients



16

who died in the emergency department and during hospital admission. However,
we had worse follow-up of patients who required phone call follow-up because
they had been discharged before the 3 day. As a result, 3-day mortality may be
underreported due to loss to follow-up of these patients. We are unable to
estimate this potential bias because we could not distinguish hospital-based
follow-up from phone call follow-up from the dataset, and we were unable to

determine the phone call follow-up success rate.

Few hospitals in SSA have an emergency department staffed by clinicians with
specialized training in emergency care. The presence of emergency medicine
physicians has been shown improved patient outcomes in the United States and
the same effect may be taking place at Karoli Lwanga Hospital, resulting in an
overall reduced observed mortality compared to hospitals in SSA without this

service.

Variables used in this study may not have been adequately precise to reflect their
true effect on mortality. Urbanicity and poverty prevalence data was only
available at the subcounty-level and may not reflect the individual’s
circumstances. The location of patients’ household was estimated based on the
population-weighted centerpoint of each parish, but many parishes spanned
multiple distance-to-hospital tertiles. Distance-to-hospital was measured as the
straight-line distance to the hospital, but as Moisi’s study in Kenya demonstrated
(12), access to road infrastructure can be extremely different for two patients

living the same straight-line distance from the hospital.
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Season was not associated to 3-day mortality in this analysis. The variable rainy
season versus dry season was intended to reflect challenging road conditions
during rainy periods of time. Measuring this in a seasonal manner, as opposed to
measuring rainy and dry days, may not be precise enough to reflect these

challenges to transportation.

Emergency care is a young and growing field in SSA. As with all of healthcare in
SSA, emergency care faces significant financial constraints to its future
development. We are not aware of other studies in SSA that that found a positive
correlation between distance-to-health facility and mortality after controlling for
the demographic variables urbanicity and poverty. This is also the first study we
are aware of to explore this topic in the SSA emergency department patient
population. This study demonstrates that geographic determinants of health have
a significant effect on patient outcomes. It may help inform decisions on
healthcare resource allocation, but further study is also warranted to confirm the

results in different settings.
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Table 1. Comparison of Uganda to other SSA Countries on
Indicators of Health, Demography & Wealth

Uganda compared to

Uganda other SSA countries*
Indicator Percentile Numerical
value rank rank

Health

Life Expectancy (yrs) 54 43% 27th of 47

Malaria (notified cases per 100,000 persons) 36,233 80% oth of 46

HIV Prevalence among age 15-49 7.2% 78% 10th of 46

Tuberculosis incidence (per 100,000 persons) 193 48% 25th of 48

Maternal Mortality Ratio (per 100,000 live

births) 310 22% 36t of 46

Under-5 Mortality Rate (per 1,000 live births) 90 48% 25th of 48

Adult Female Mortality Rate (per 1,000

adults) 407 68% 15t of 47

Adult Male Mortality Rate (per 1,000 adults) 385 77% 11th of 47
Demography

Population Density (people/square km) 167 85% 7th of 47

Population in urban areas 16% 2% 46t of 47

Population below1s yrs of age 48% 96% 2nd of 26

Fertility (births per woman) 6.1 90% 5t of 48
Wealth & Infrastructure

GDP Per Capita $487 19% 38th of 47

Population with Access to Electricity 9% 0% 28th of 28

Population with access to improved water 72% 55% 20t of 44

7 23% 30t of 39

Motor vehicles with 3+ wheels (per 1000
population)

Source: World Bank (16)
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Table 2. Characteristics of Study Population Stratified by Distance
Tertile2

Distance to hospital

Total <5km 5km to <10km =10 km

Variable n (%) n (%) n (%) n (%)
3 day survival*

Alive 3692 (98.0) 1715 (98.8) 701 (97.4) 1276 (97.3)

Dead 75 (2.0) 21 (1.2) 19 (2.6) 35 (2.7)
Initial blood pressure=

Low 68 (3.0) 26 (2.5) 16 (3.7) 26 (3.4)

Normal/high 2068 (91.6) 971 (92.2) 392 (90.1) 705 (91.7)

Missing 121 (5.4) 56  (5.3) 27 (6.2) 38 (4.9

Age <18 yrs 1955 -- 683 -- 285 -- 542 --
Urbanicity*

Urban 833 (22.1) 833 (48.0) 0 (o) 0 (o)

Rural 3910 (74.3) 768 (44.2) 720  (100) 1311 (100)

Missing 135 (3.6) 135 (7.8) 0 (o) 0 (o)
Poverty*

Low 833 (22.1) 833 (48.0) 0 (o) o) (o)

Middle 1911 (50.7) 768  (44.2 720  (100) 423 (32.3)

High 888 (23.6) 0 (o) 0 (o) 888 (67.7)

Missing 135 (3.6) 135 (7.8) 0 (o) 0 (o)
Season*

Wet 1836 (48.7) 896 (51.6) 326 (45.3) 614 (46.8)

Dry 1931 (51.3) 840 (48.4) 394 (54.7) 697 (53.2)
Gender

Male 1994 (52.9) 901 (51.9) 371 (51.5) 722 (55.1)

Female 1770 (47.0) 833 (48.0) 349 (48.5) 588  (44.9)

Missing 3 (0.1) 2 (0.1) 0 (o) 1 (0.1)
Age

<1yr 265 (7.0) 115 (6.6) 48 (6.7) 102 (7.8)

1-4 yrs 555 (14.7) 249  (14.3) 104 (14.4) 202 (15.4)

5-14 yrs 679 (18.0) 314 (18.1) 131 (18.2) 234 (17.9)

15-49 yrs 1609  (42.7) 821  (47.3) 291 (40.4) 497 (37.9)

50+ yrs 642 (17.0) 230 (13.3) 143 (19.9) 269 (20.5)

Missing 17 (0.5) 7 (0.4) 3 (04 7  (0.5)
Pediatric malnutrition patientsc*

No 3648 (96.8) 1727 (99.4) 707 (98.2) 1214  (92.6)

Yes 119  (3.2) 9 (0.5) 13 (8 97  (7.4)

aExcludes non-Rukungiri residents (n=647) ,patients with unidentifiable geographic data
(n=686) and Rukungiri residents without identified parish (n=1111)

bLow initial blood pressure is defined as systolic blood pressure of < 8omm Hg for adults > 18
years old

<A hospital-based malnutrition outreach program actively identified and transported pediatric
malnutrition patients from remote parishes to the hospital

*Statistically significant association to distance-to-hospital tertile




Table 3. Association between 3-day mortality and determinants of
geographic and demographic healthcare access

Mortality Crude Adjusted

Variable deaths/total (%) OR (95% CI) p OR (95% CI)a p
Distance to hospital

<5km 22/2038 (1.1) 1 1

5-<10km 19/763 (2.5) 2.2 (1.2-4.1) <0.013 1.7 (0.8-3.7) 0.155
>10km 36/1381 (2.6) 2.2 (1.3-3.9) <0.004 2.2 (1.0-5.0) 0.048
Urbanicity

Urban 5/833 (0.6) 1

Rural 78/3910 (2.0) 3.4 (1.4-8.4) <0.009
Poverty

Low 5/1104 (0.5) 1

Middle 58/3051 (1.9) 3.2(1.3-7.9) <0.014

High 26/1080 (2.4) 4.0 (1.5-10.5) <0.005
Season

Dry 41/2190 (1.9) 1

Wet 46/2688 (1.7) 0.9 (0.6-1.4) <0.673
Gender

Male 51/2623 (1.9) 1

Female 36/2250 (1.6) 0.8 (0.5-1.3) <0.366
Age

<1yr 8/354 (2.3) 1.3 (0.6-2.8) <0.533

1-4 yrs 17/728 (2.3) 1.3 (0.7-2.4) <0.346

5-14 yrs 5/861 (0.6) 0.3 (0.1-0.8) <0.018

15-49 yrs 37/2083 (1.8) 1

50+ yrs 18/834 (2.2) 1.2 (0.7-2.2) <0.494
Initial Blood Pressureb

Normal or high 44/2679 (1.6) 1

Low 7/91  (7.7) 5.0 (2.2-11.4) <0.001

a Controlling for urbanicity, poverty group, age group and malnutrition. No interaction
terms were found to be significant.

b Not considered as a potential confounding or interaction variable
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Figures

Figure 1. Map of Parishes Within Rukungiri District, with
Distribution of Distance-to-Hospital Tertiles and Urban Parishes
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Figure 2. Study Cohort Selection for Analysis of
Distance-to-Hospital Association to Mortality
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*Data collection from Nov. 22, 2010 to Nov. 30, 2011
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