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Abstract

Background: Access to health care is a particular concern given the important role of poor access in perpetuating
poverty and inequality. South Africa’s apartheid history leaves large racial disparities in access despite post-apartheid
health policy to increase the number of health facilities, even in remote rural areas. However, even when health
services are provided free of charge, monetary and time costs of travel to a local clinic may pose a significant barrier
for vulnerable segments of the population, leading to overall poorer health.

Methods: Using newly available health care utilization data from the first nationally representative panel survey in
South Africa, together with administrative geographic data from the Department of Health, we use graphical and
multivariate regression analysis to investigate the role of distance to the nearest facility on the likelihood of having
a health consultation or an attended birth.

Results: Ninety percent of South Africans live within 7 km of the nearest public clinic, and two-thirds live less than
2 km away. However, 14% of Black African adults live more than 5 km from the nearest facility, compared to only
4% of Whites, and they are 16 percentage points less likely to report a recent health consultation (p < 0.01) and 47
percentage points less likely to use private facilities (p < 0.01). Respondents in the poorest income quintiles live 0.5
to 0.75 km further from the nearest health facility (p < 0.01). Racial differentials in the likelihood of having a health
consultation or an attended birth persist even after controlling for confounders.

Conclusions: Our results have two policy implications: minimizing the distance that poor South Africans must
travel to obtain health care and improving the quality of care provided in poorer areas will reduce inequality. Much
has been done to redress disparities in South Africa since the end of apartheid but progress is still needed to
achieve equity in health care access.

Keywords: Health care utilization, Inequality, South Africa, Distance decay
Introduction
Inequality in access to health care is an important con-
cern for health policy in developing countries. Because
health status influences human capital acquisition, eco-
nomic status and the inter-generational transmission of
socio-economic status, access to care plays a role in
determining and reinforcing other measures of inequality
[1,2]. These factors are particularly important in South
Africa because the legacy of apartheid leaves non-whites
in remote areas, which are potentially underserved [3,4].
Public health services are often subsidized as a means to
promote equitable access. In post-apartheid South Africa,
* Correspondence: zmclaren@umich.edu
1Department of Health Management and Policy, School of Public Health,
University of Michigan, 1415 Washington Heights, Ann Arbor, MI 48109, USA
Full list of author information is available at the end of the article

© 2014 McLaren et al.; licensee BioMed Centra
Commons Attribution License (http://creativec
reproduction in any medium, provided the or
Dedication waiver (http://creativecommons.or
unless otherwise stated.
the government has emphasized equity and made access
to clinics the centerpiece of primary health care [3,5,6].
This makes it important to understand which members of
the population actually benefit from these services and
who is being left behind [1,7].
Even when health services are provided free of

charge, monetary and time costs of travel to a local
clinic represent the price of access to health care. These
costs may pose a significant barrier for vulnerable seg-
ments of the population, leading to overall poorer
health. Twenty years after the end of apartheid, resi-
dential location remains largely racially defined, which
can exacerbate barriers if health facilities are located
far from non-White neighborhoods [8]. Travel costs in
South Africa are particularly high relative to other
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developing countries in Africa and elsewhere, which
means that small differences in distance can translate
into large differences in access [9].
In this study we investigate the role of distance to the

nearest health facility in driving patterns of health care
utilization in South Africa. We make use of new data
from the National Income Dynamics Study (NIDS) [10].
We start with a descriptive analysis of differences in
proximity to health facilities and patterns of care seeking
behavior by race and income at the national level to
contextualize the inequality in utilization of health care.
We use multivariate regression with a rich set of control
variables to investigate the relationship between proxim-
ity and utilization of health care.
Despite the importance of patterns of health service

utilization in determining health care financing and
delivery, there is a limited literature on the role of
travel costs in developing countries. The major chal-
lenge is obtaining reliable measures of travel time and
monetary travel cost to access health services. This
requires information on the precise location of the
household and the health facility, network of roads,
availability of and waiting time for public transporta-
tion, and reliability of self-reported data. In South
Africa, studies have been conducted in a Demographic
Surveillance Site in rural KwaZulu-Natal; however, it is
unclear whether these estimates can be generalized to
the rest of the country [11,12]. Indeed, there are few
large-scale studies of this sort in developing countries
and the existing nationally representative studies rely
on self-reported estimates of distance or time to the
nearest clinic [3,6].
In sum, our contribution here is two-fold. First, we

assemble and verify geographic coordinates for all
health facilities in South Africa, drawing on partial lists
from several sources. We are the first to use nationally
representative facility- use data from NIDS. These data,
in combination with the information in the NIDS survey
on individuals and their households, provide a rich set
of control variables that the literature has highlighted as
important in determining health care access and utilization.
Second, we conduct our analysis in a context where
high racial, gender and income inequality as well as
substantial travel costs create salient frictions in health
care access and utilization. We contribute to a limited
literature where the need for policy guidance is great.

Background
Distance decay in utilization of health services has been
documented in many contexts, including utilization of
diarrhea clinics in Bangladesh [13], care for malaria and
acute respiratory infections in Papua New Guinea [14],
health facilities in rural Nigeria [15], health services in
rural Ghana [16], care for young children [17-19], and
health facilities by the rural elderly in the United States
[20]. There are differences in the rate of distance decay by
gender and age [14]; income, education and cost of services
[16]; socio-demographic factors and village characteristics
[15]; and access to public or private transportation [20].
Education levels and employment status influence women’s
health-seeking behavior in Ethiopia [21] as does freedom of
movement in Muslim North India [22].
Tanser et al. [11] find evidence of distance decay in

primary health care utilization in South Africa. Even in
the case of take-up of life-saving anti-retroviral therapy
for AIDS, there is a strong negative association with dis-
tance to the nearest facility: individuals 5kms from the
nearest clinic are only half as likely to access ART as
those living next-door to the facility [12]. These results
are demonstrative of the importance of distance in medi-
ating care-seeking behavior. If distance reduces take-up
of a life-saving treatment regime, it surely reduces take-
up of less essential care.

Data
Our data come from the first wave of the NIDS, the first
nationally representative panel survey in South Africa.
The NIDS data include information on income, expend-
iture, household composition, fertility, mortality, human
capital formation, health and social capital [23]. The first
wave, conducted in 2008, surveyed and took biometric
measurements of every individual in 7,305 households –
a total of 15,634 adults and 9,408 children under 15.
Important for this study is that the data set contains an
especially rich set of individual, household and commu-
nity level characteristics. Each adult respondent that
reported consulting someone about their health in the
past year was asked for the name and location of the
health facility where the consultation took place. During
fieldwork, GPS co-ordinates of the household were taken
using handheld GPS units and then transcribed onto the
paper questionnaire. This is the first study to use the
confidential data on the location of clinic attended to-
gether with the location of respondent’s household.
Our data on health facilities were shared by five public

sources (National Department of Health (DOH), Western
Cape DOH, KwaZulu-Natal DOH, Human Sciences Re-
search Council and National Health Laboratory Service)
and purchased from two private sources (MedPages and
AfriGIS), which we combined to create a master list of all
facilities. The data include facility name, facility type (e.g.
clinic, hospital, etc.), health district and geographic coordi-
nates. We compared partially overlapping lists to verify
names and geographic coordinates of each facility.

Methods
We calculated the exact distance between households and
their nearest public clinic using geographic positioning
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system (GPS) coordinates. We follow Tanser et al. [24]
and use Euclidean distance as a measure of distance
traveled. In South Africa, reliable geocoding is not avail-
able to calculate travel time for respondents throughout
the country. Rosero-Bixby [25] found the correlation
between Euclidean distances and travel times to be high,
but not perfect. In the absence of geocoding, Euclidean
distance provides a good measure of travel costs.
Using this variable, we generate descriptive means of

the sample, and perform multivariate regression analysis
to investigate the determinants of proximity to public
health facilities. We then perform our main analyses
using multivariate regression analysis to investigate dis-
tance decay in health care utilization, controlling for sev-
eral individual and household characteristics.
For ease of interpretation, we estimate linear regres-

sion models and report regression coefficients (marginal
effects). All substantive findings are robust to the use of
logistic regression (results not shown but available on
request). Our estimating equation is as follows:

Y ij ¼ βDj þ ϕ’Xij þ εij;

where Yij is a binary indicator for the health care
utilization outcome (health consultation in the last year
for adults, skilled attendant at birth for children) for in-
dividual i in household j, Dj is a measure of distance to
the nearest public health facility, and Xij is a rich set of
individual and household-level control variables that have
been identified by the literature as important determinants
of health care access and utilization. Regression tables re-
port results from multiple regression specifications that
Table 1 Distance to public clinics by population group (race)
households

(1) (2)

Distance from househo

N Distan

Race:

Black African 5,611 2.61

Coloured 1,004 2.04***

White 551 1.93***

Per capita income quintile:

1 1,620 3.01

2 1,793 2.68**

3 1,635 2.48***

4 1,226 2.21***

5 927 1.95***

Authors’ calculation using NIDS and health facility data and post-stratification weigh
majority race of household residents. The number of households differs across per
post-stratification weights into account. Asterisks in the top panel of columns 2 to 5
different from Black African means at the 1% (***) and 5% (**) level. Similarly, aster
between households in the bottom income quintile and households in other incom
include a combination of controls for race, sex, age, in-
come and household composition. Some specifications
with adult samples include controls for education level
and self-reported health status. Other specifications in-
clude interaction terms between race and the distance
to the nearest clinic to capture any racial differences in
distance decay. We remove from the estimation sample
of adult respondents aged 18 and older the small num-
ber of respondents who indicate that they have recently
moved (i.e. since 2006). Similarly, we excluded any chil-
dren who have moved since birth from our sample of
children aged 5 years and under. All descriptive statistics
and regressions are weighted using the post-stratification
weights provided by NIDS. Standard errors are clustered
at the primary sampling unit level and are robust to het-
eroskedasticity. Ethics approval for this work was granted
by the University of Cape Town Commerce Faculty Ethics
in Research Committee.

Results
Just under half of African households (49%) are located
in rural areas as opposed to 32% of Coloured and 16% of
White households. This is associated with racial dispar-
ities in proximity to health facilities shown in Table 1
that summarizes the distance of the household from the
nearest public health facility by the majority race group
in the household. Fourteen percent of Black African
households live more than 5 km from the nearest public
health facility, in contrast to only 8% of Coloureds and
4% of Whites. Figure 1 shows that these stark racial
differences are driven by differences between rather
than within rural and urban areas. Indeed, after
and per capita income quintile for South African

(3) (4) (5)

ld to closest public clinic

ce (km) <2 km 2-5 km >5 km

0.669 0.187 0.144

0.884*** 0.042*** 0.075***

0.674 0.287*** 0.039***

0.578 0.222 0.200

0.629*** 0.223 0.148***

0.714*** 0.160*** 0.126***

0.791*** 0.117*** 0.092***

0.735*** 0.214 0.052***

ts. For the 2% of households that are multi-racial, race group is defined as the
capita income quintiles as households were assigned to quintiles after taking
indicate whether White and Coloured means are statistically significantly

isks in the bottom panel of columns 2 to 5 indicate significant differences
e quintiles.
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Figure 1 Distance to closest clinic by rural/urban location and population group (race). Authors’ calculation using NIDS data and
post-stratification weights. For the 2% of households that are multi-racial, race group is defined as the majority race of household residents.
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conditioning on urban or rural residence, white house-
holds tend to be located furthest away from public
health facilities.
Table 1 also presents a clear income gradient in prox-

imity to public clinics with 20% of households in the
poorest income quintile located more than 5 km from
the nearest health facility as opposed to only 5% of
households in the top income quintile (p < 0.01). Con-
sistent with the income gradient in proximity to public
clinics, higher-income households are more common in
urban areas where facilities are closer, and high-income
rural households tend to live closer to health facilities
than low-income rural households.
Table 2 shows marked racial differences in health

seeking behavior with around 60% of White and Coloured
adults having consulted a health professional in the last
year in contrast to only 44% of Black Africans (p < 0.01).
Among those who had a health consultation, only 34% of
Black Africans attended a private facility compared to 81%
of Whites, which is partly due to substantially lower levels
of health insurance (medical aid) coverage – less than
one-tenth of Black Africans are covered.
There are also substantial racial differences in both

self-assessed and measured health status. White adults are
8 to 9 percentage points less likely than Black Africans and
Coloureds to report being in fair or poor health (p < 0.01).
This is despite Whites having higher prevalence of mea-
sured hypertension and obesity. Though White and
Coloured adults have similar hypertension rates, Whites
are 10 percentage points more likely to be aware of their
hypertension than Coloureds (p < 0.01). Only 38% of hyper-
tensive Black Africans are aware of their hypertension.
The bottom panel of Table 2 shows the percentage of

children aged 5 and under who had a nurse or doctor
present at their birth, a non-curative health service for
which there is a universal need. Just over half (55%) of
Black African children had a skilled birth attendant,
which is statistically significantly lower than the 73% of
Coloured children and 98% of White children (p < 0.01).

Multivariate regression analysis
Table 3 uses multivariate regressions to examine the
determinants of distance from the closest public health
facility at the individual level for adults aged 18 and
older. We examine both distance in kilometers and an
indicator that the individual’s household is at least 2
kms from the nearest public clinic, a distance at which
travel costs may start to matter. On average, Black
Africans live 0.74 km further from the nearest clinic
than Whites (p < 0.05). After controlling for education,
household composition and income Black Africans are
no longer significantly further away from the nearest
clinic. In fact, point estimates are negative. Individuals
in the lowest income quintile tend to be the furthest
from public health facilities. The relationship between
proximity to public clinics and education is complex, with
those with tertiary education living 0.56 to 0.63 km further
from the nearest clinic than individuals with less than



Table 2 Health seeking behavior and health characteristics among adults aged 18 years and older and children aged
5 years and under

(1) (2) (3) (4) (5) (6)

Black African Coloured White

N Mean N Mean N Mean

Adults aged 18 and older:

Health consultation in last year 9533 0.441 1838 0.621*** 701 0.598***

Used private doctor or facility 4379 0.335 1143 0.464*** 452 0.806***

Covered by medical insurance 9797 0.078 1896 0.161*** 705 0.677***

Self-reports poor or fair health 9792 0.210 1901 0.219 709 0.130***

Obese (measured) 8543 0.262 1564 0.305*** 494 0.344***

Measured hypertension 9053 0.323 1687 0.459*** 540 0.443***

Aware of hypertension 3356 0.378 846 0.428** 276 0.526***

Children aged 5 and under:

Skilled attendant at birth 2559 0.546 381 0.734*** 63 0.981***

Authors’ calculation using NIDS and health facility data and post-stratification weights. The sample of adults aged 18 years and older excludes the small minority
(8%) of individuals who moved recently (since 2006). The sample of children aged 5 years and younger excludes the small minority (10%) of children who have
moved since they were born. Asterisks in columns 4 and 6 indicate whether Black African means are statistically significantly different from Coloured and White
means respectively at the 1% (***) and 5% (**) level.
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primary education (p < 0.05). Households with more chil-
dren and more pensioners tend to be located further away
from clinics. Respondents who report themselves to be in
poor or very poor health live on average 0.44 km closer to
the nearest clinic than those individuals reporting better
health. Results are substantively similar if we consider the
likelihood of living at least 2 km from the nearest clinic
rather than distance measured in kilometers.
Table 4 uses multivariate regressions to examine dis-

tance decay in the likelihood of having a health consult-
ation in the past year and to further investigate racial
differences in health seeking behavior. Adults who are
more than 2 km from the nearest health facility are 8
percentage points less likely to report a recent health
consultation on average (p < 0.01). Controlling for
gender, age and distance to the nearest facility, Black
Africans are 9.5 percentage points less likely to report a
recent health consultation (p < 0.01). The third column of
Table 4 shows results where interaction terms between
the indicator that the nearest public clinic is more than
2 km from the household and race were added to the re-
gression. Although the interaction terms are statistically
insignificant, the point estimates suggest that distance
decay is greatest among Black South Africans. Adding
controls for household composition, education level, a
respondent self-reporting being in poor or fair health
and household per capita income quintile only slightly
reduces the Black African coefficient and it remains
statistically significant. On average, individuals from
households in the top two quintiles are around 7 to 10
percentage points more likely to have had a recent
health consultation.
Table 5 shows that for children born within the last six
years, the likelihood of having a skilled attendant at birth
decreases with distance to the nearest clinic. Children in
households more than 2 km from the nearest clinic are 8
percentage points less likely to have had a doctor or nurse
present at their birth (p < 0.05). Controlling for proximity
to public clinics, African and Coloured children are 42
and 25 percentage points less likely than White children
to have a skilled attendant at birth respectively (p < 0.01).
Results in the third column demonstrate racial differences
in distance decay with only African children who live fur-
ther from clinics being less likely to have had an attended
birth. Including household composition variables and per
capita income quintile in the regression roughly halves the
African and Coloured coefficients although they remain
substantial and statistically significant. With controls for
income, distance is no longer significantly associated with
having a skilled birth attendant.

Discussion
This study finds evidence that distance to health facil-
ities poses a barrier for South Africans wishing to access
health care. We use new data from the NIDS that en-
ables us to calculate the distance from a respondent’s
residence to nearby clinics. We find that many apart-
heid legacies remain in place. Ninety percent of South
Africans live within 7 km of the nearest public clinic,
and two-thirds live less than 2 km away. However, 14%
of Black Africans live more than 5 km from the nearest
facility, in contrast to only 8% of Coloureds and 4% of
Whites, and they are substantially less likely to report a
recent health consultation. Respondents in the poorest



Table 3 Determinants of distance to the closest public clinic for adults aged 18 and older

(1) (2) (3) (4) (5) (6)

Outcome variable: Distance (km) from nearest clinic At least 2 km from nearest clinic

Black African 0.735** −0.180 −0.185 0.041 −0.108 −0.115

(0.310) (0.311) (0.323) (0.087) (0.072) (0.074)

Coloured −0.078 −0.613* −0.601* −0.206** −0.284*** −0.292***

(0.360) (0.337) (0.356) (0.085) (0.072) (0.073)

Primary schooling −0.161*** −0.156*** −0.026*** −0.024***

(0.033) (0.034) (0.004) (0.004)

Secondary schooling −0.158*** −0.195*** −0.020*** −0.024***

(0.051) (0.056) (0.007) (0.007)

Completed high school −0.028 −0.071 0.029 0.021

(0.158) (0.180) (0.021) (0.021)

Tertiary schooling 0.565** 0.630*** 0.147* 0.171*

(0.219) (0.243) (0.078) (0.087)

2nd per capita income quintile −0.484** −0.376* −0.085*** −0.065**

(0.217) (0.223) (0.032) (0.031)

3rd per capita income quintile −0.582** −0.480 −0.141*** −0.129***

(0.295) (0.315) (0.039) (0.040)

4th per capita income quintile −0.755** −0.710** −0.193*** −0.193***

(0.326) (0.350) (0.042) (0.042)

5th per capita income quintile −0.497 −0.499 −0.138*** −0.147***

(0.341) (0.370) (0.050) (0.051)

Number of children (<15) in household 0.186*** 0.192*** 0.030*** 0.029***

(0.052) (0.057) (0.008) (0.008)

Number of individuals age 15 and older in household −0.125** −0.121** −0.005 −0.005

(0.056) (0.054) (0.011) (0.010)

Number of pensioners in household 0.389** 0.408** 0.043 0.058**

(0.164) (0.177) (0.028) (0.029)

Self-reports poor or fair health −0.441*** −0.055***

(0.163) (0.020)

Observations 14,968 14,843 12,400 14,968 14,843 12,400

Table reports regression coefficients from linear regressions. Sample excludes the small minority (8%) of individuals who moved recently (since 2006). The models
in columns 1 to 6 include the set of control variables indicated in each column as well as an indicator that the individual is female and a quadratic in age.
Results are weighted using the post-stratification weights supplied by NIDS. Standard errors that allow for correlation in the unobservables between individuals
from the same sampling cluster are presented in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1
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income quintiles are more likely to live further from the
nearest health facility. Racial differentials persist in the
likelihood of having a health consultation or an attended
birth even after controlling for distance to the nearest
facility, income quintile and household composition.
Travel costs (both monetary and time) constrain

respondents’ choices about seeking health care. It is
evident even when we control for health status in our
regressions, or when we examine essential services
like a birth attendant that even healthy South African
women should access. Our results are consistent with
previous findings that travel costs are but one of many
barriers to accessing care, especially in remote and/or
underserved areas. Notably, out-of-pocket costs [3,5],
long queues [3,6], disrespectful treatment by facility
staff [3,6], medication stock-outs [6] and perceived in-
effective care [3,5] are tangible barriers that tend to be
correlated with race, socio-economic status and rural–
urban differentials [3]. Improvements in the quality of
care provided in underserved areas have the potential
to reduce racial differentials in access to and utilization
of health care.

Limitations
The NIDS data enables us to assess factors that the
literature suggests to be important in mediating the



Table 4 Determinants of having a health consultation in the past year for adults aged 18 and older

(1) (2) (3) (4) (5)

Outcome variable: Health consultation in the last year

More than 2 km from nearest clinic −0.080*** −0.066*** −0.035 −0.065*** −0.050***

(0.019) (0.019) (0.083) (0.020) (0.018)

African −0.095*** −0.083** −0.069 −0.084**

(0.037) (0.035) (0.043) (0.041)

Coloured 0.048 0.058 0.063 0.049

(0.047) (0.049) (0.050) (0.047)

African x more than 2 km −0.035

(0.086)

Coloured x more than 2 km −0.028

(0.108)

2nd per capita income quintile 0.030 0.018

(0.019) (0.018)

3rd per capita income quintile 0.017 0.015

(0.023) (0.022)

4th per capita income quintile 0.071*** 0.085***

(0.027) (0.026)

5th per capita income quintile 0.101*** 0.123***

(0.035) (0.036)

Self-reports poor or fair health 0.363***

(0.017)

Observations 12,072 12,072 12,072 12,072 12,011

Table reports regression coefficients from linear regressions. Sample excludes the small minority (8%) of individuals who moved recently (since 2006). The models
in columns 1 to 5 include the set of control variables indicated in each column. Regressions in columns 4 and 5 include indicators for primary, secondary, high
school completion (matric) and post-matric, the number of individuals under the age of 15 in the household, the number of individuals aged 15 and older in
the household and the number of individuals of pension eligible age. Results are weighted using the post-stratification weights supplied by NIDS. Standard
errors that allow for correlation in the unobservables between individuals from the same sampling cluster are presented in parentheses. ***p < 0.01, **p < 0.05.
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role of distance in health care utilization. However, like
most of the available literature we have to be cautious
in interpreting these results as causal. Constrained
choices about where individuals choose to live relative
to health facilities may bias our estimates. An individ-
ual’s health status will influence his or her ability to
earn income and, perniciously, individuals with poor
health may have less choice about where they live rela-
tive to health clinics.
One limitation of our data is that it contains information

only about the most recent health consultation rather than
on all health utilization in a period of time. Types of con-
sultations that occur more frequently, such as check-ups,
will be over-represented in the data compared to consulta-
tions that occur less frequently, such as for acute illness.
Our estimates of the relationship between distance to
health facilities on utilization would be more precise if the
NIDS data included information on the mode of transport
used to travel to the clinic. Our data do not include
estimates of expenditure on health care or travel to facil-
ities so we are unable to assess this directly.
The scale up and decentralization of ART provision

since 2008 is likely to have reduced the racial disparities
evident in our study as HIV + individuals, who are much
more likely to be Black African, are able to meet their
health care needs at nearer clinics. However, distance
disparities evident in 2008 may have long-lasting effects
on health disparities.

Conclusion
Our results have two clear policy implications. First, care
should be taken to minimize the distance that poor
South Africans must travel to obtain health care by situ-
ating health facilities in under-served areas and near
places people travel for other purposes, such as work.
A reduction in travel costs could lead to a substantial
increase in health care utilization, especially for pre-
ventative and chronic care. Decentralization of services



Table 5 Determinants of having a doctor or nurse present at birth for children aged 5 years and under

(1) (2) (3) (4)

Outcome variable: Nurse or doctor present at birth

More than 2 km from nearest clinic −0.082** −0.059* 0.027 −0.025

(0.034) (0.033) (0.023) (0.033)

African −0.424*** −0.394*** −0.226***

(0.024) (0.033) (0.058)

Coloured −0.253*** −0.231*** −0.107**

(0.037) (0.043) (0.052)

African x more than 2 km −0.091**

(0.044)

Coloured x more than 2 km −0.043

(0.095)

2nd per capita income quintile −0.046

(0.035)

3rd per capita income quintile −0.033

(0.044)

4th per capita income quintile 0.108**

(0.049)

5th per capita income quintile 0.186***

(0.070)

Observations 3,003 3,003 3,003 3,003

Table reports regression coefficients from linear regressions. Sample excludes the small minority (10%) of children who have moved since they were born. The
models in columns 1 to 4 include the set of control variables indicated in each column. The regression in column 4 also includes the number of individuals under the
age of 15 in the household, the number of individuals aged 15 and older in the household and the number of individuals of pension eligible age in the household.
Results are weighted using the post-stratification weights supplied by NIDS. Standard errors that allow for correlation in the unobservables between individuals
from the same sampling cluster are presented in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.
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is one way to reduce travel time and ameliorate dis-
parities, especially if the quality of care is maintained
through the decentralization. Second, reducing the
shadow price of using a service (i.e. the full opportunity
cost; see [26]) by, for example, improving the quality of
care [27], decreasing stigmatization of disease states
[28], providing transportation vouchers or increasing
the range of health services available at each health
point will raise the benefit received per visit and in-
crease the willingness to travel.
Distance plays a complex role in mediating health care

utilization behavior, and more research is needed to
characterize the relationship between the need for and
utilization of health care. In particular, future studies
should examine how the severity of the health concern
and the perceived quality of care at health service points
influence care-seeking decisions. Even when public health
care is provided free of charge or on a sliding scale, mon-
etary and time costs of travel present a salient barrier for
economically vulnerable populations.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
ZM, CA and ML designed the study. ZM and CA performed the statistical
analysis. All authors drafted and approved the final manuscript.

Acknowledgements
We thank Nicola Branson for expert assistance with clinic matching
and Sarah Michell, Julie-Ann Michell and Tom Harris for assistance with
data cleaning. We are grateful to the National Income Dynamics Study
for granting us access to the confidential geographic and clinic data.
We acknowledge the National Department of Health, Western Cape
Department of Health, KwaZulu-Natal Department of Health, Human
Sciences Research Council and National Health Laboratory Service for
sharing facility data.
McLaren, Ardington and Leibbrandt acknowledge funding from the
William and Flora Hewlett Foundation/Population Reference Bureau
Research program on Population, Reproductive Health, and Economic
Development. McLaren gratefully acknowledges funding from the
University of Michigan Global Public Health Faculty Pilot Grant. Ardington
gratefully acknowledges funding from the National Institutes of Health Fogarty
Internal Centre under grant R01 TW008661-01. Leibbrandt acknowledges the
Research Chairs Initiative of the Department of Science and Technology and
National Research Foundation for funding his work.

Author details
1Department of Health Management and Policy, School of Public Health,
University of Michigan, 1415 Washington Heights, Ann Arbor, MI 48109, USA.
2Southern Africa Labour and Development Research Unit (SALDRU),
University of Cape Town, Private Bag X3, Rondebosch 7701, South Africa.
3NRF Research Chair in Poverty and Inequality Research, Director of SALDRU,
University of Cape Town, Private Bag X3, Rondebosch 7701, South Africa.



McLaren et al. BMC Health Services Research 2014, 14:541 Page 9 of 9
http://www.biomedcentral.com/1472-6963/14/541
Received: 23 December 2013 Accepted: 20 October 2014

References
1. Yazbeck A: Attacking inequality in the health sector: a synthesis of evidence

and tools. Washington: World Bank; 2009.
2. Wilkinson R, Pickett K: The spirit level: Why equality is better for everyone.

London: Penguin Books; 2009.
3. Harris B, Goudge J, Ataguba JE, McIntyre D, Nxumalo N, Jikwana S, Chersich

M: Inequities in access to health care in South Africa. J Public Health Policy
2011, 32:S102–S123.

4. Coovadia H, Jewkes R, Barron P, Sanders D, McIntyre D: The health and
health system of South Africa: Historical roots of current public health
challenges. Lancet 2009, 374(9692):817.

5. Gilson L, McIntyre D: Post-apartheid challenges: household access and
use of health care in South Africa. Int J Health Serv 2007, 37(4):673–691.

6. Burger R, Bredenkamp C, Grobler C, van der Berg S: Have public health
spending and access in South Africa become more equitable since the
end of apartheid? Dev South Afr 2012, 29(5):681–703.

7. Gwatkin D, Wagstaff A, Yazbeck A: Reaching the poor with health, nutrition
and population services: what works, what doesn’t and why. Washington:
World Bank; 2005.

8. Christopher AJ: Urban segregation in post-apartheid South Africa. Urban
Stud 2001, 38(3):449–466.

9. Klasen S: Poverty, inequality and deprivation in South Africa: an analysis
of the 1993 SALDRU survey. Soc Indicator Res 1997, 41:51–94.

10. Southern Africa Labour and Development Research Unit (SALDRU)(2012):
National Income Dynamics Study 2008, Wave 1 [dataset]. Version 4.1. Cape
Town: Southern Africa Labour and Development Research Unit [producer],
Cape Town: DataFirst [distributor].

11. Tanser F, Gijsbertsen B, Herbst K: Modelling and understanding primary
health care accessibility and utilization in rural South Africa: an
exploration using a geographical information system. Soc Sci Med 2006,
63:691–705.

12. Cooke GS, Tanser FC, Bärnighausen TW, Newell M: Population uptake of
antiretroviral treatment through primary care in rural South Africa. BMC
Public Health 2010, 10:585.

13. Rahaman M, Aziz KMS, Munshi MH, Patwari Y, Rahman M: A diarrhea clinic
in rural Bangladesh: influence of distance, age, and sex on attendance
and diarrheal mortality. Am J Public Health 1982, 72(10):1124–1128.

14. Müller I, Smith T, Mellor S, Rare L, Genton B: The effect of distance from
home on attendance at a small rural health centre in Papua New
Guinea. Int J Epidemiol 1998, 27:878–884.

15. Stock R: Distance and the utilization of health facilities in rural Nigeria.
Soc Sci Med 1983, 17(9):563–570.

16. Buor D: Analysing the primacy of distance in the utilization of health
services in Ahafo-Ano South district Ghana. Int J Health Plann Manage
2003, 18:293–311.

17. Alegana VA, Wright JA, Pentrina U, Noor AM, Snow RW, Atkinson PA: Spatial
modelling of healthcare utilisation for treatment of fever in Namibia.
Int J Health Geogr 2012, 11:6.

18. Gething PW, Noor AM, Zurovac D, Atkinson PM, Hay SI, Nixon MS, Snow
RW: Empirical modelling of government health service use by children
with fevers in Kenya. Acta Tropica 2004, 91(3):227–237.

19. Okwaraji YB, Cousens S, Berhane Y, Mulholland K, Edmond K: Effect of
geographical access to health facilities on child mortality in rural Ethiopia: a
community based cross sectional study. PLoS ONE 2012, 7(3):e33564.

20. Nemet GF, Bailey AJ: Distance and health care utilization among the rural
elderly. Soc Sci Med 2000, 50:1197–1208.

21. Woldemicael G, Tenkorang EY: Women’s autonomy and maternal
health-seeking behavior in Ethiopia. Matern Child Health J 2010,
14(6):988–998.

22. Bloom SS, Wypij D, Das Gupta M: Dimensions of women’s autonomy and
the influence on maternal health care utilization in a north Indian city.
Demography 2001, 38(1):67–78.

23. Woolard I, Leibbrandt M, De Villiers L: The South African National Income
Dynamics Study: Design and methodological issues. Stud Econ Econometr
2010, 34:7–24.

24. Tanser F, Hosegood V, Benzler J, Solarsh G: New approaches to spatially
analyse primary health care usage patterns in rural South Africa.
Trop Med Int Health 2001, 6(10):826–838.
25. Rosero-Bixby L: Spatial access to health care in Costa Rica and its equity:
a GIS-based study. Soc Sci Med 2004, 58(2004):1271–1284.

26. McIntyre D, Thiede M, Birch S: Access as a policy-relevant concept in
low- and middle- income countries. Health Econ Policy Law 2009,
4:179–193.

27. Ware NC, Wyatt MA, Geng EH, Kaaya SF, Agbaji OO, Muyindike WR,
Chalamilla G, Agaba P: Toward an understanding of disengagement from
HIV treatment and care in Sub- Saharan Africa: a qualitative study.
PLoS Med 2013, 10(1):e1001369.

28. Tsai AC, Bangsberg DR, Weiser SD: Harnessing poverty alleviation to reduce
the stigma of HIV in Sub-Saharan Africa. PLoS Med 2013, 10(11):e1001557.

doi:10.1186/s12913-014-0541-1
Cite this article as: McLaren et al.: Distance decay and persistent health
care disparities in South Africa. BMC Health Services Research 2014 14:541.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Background
	Data
	Methods
	Results
	Multivariate regression analysis

	Discussion
	Limitations

	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


