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Abstract

In 2005, Senegal had an estimated maternal mortality ratio of 980 deaths per 100,000 live births,
well above the global average of 400. The concentration of health workers has been shown to be
associated with improved health outcomes, including maternal mortality. To explore this relation-
ship, this paper uses geographic information systems (GIS) to examine the regional distribution of
human resources for health and related maternal health indicators in Senegal. Results show that a
regional imbalance in the distribution of health personnel and health indicators exists in Senegal.
This disparity may contribute to the disproportionate burden of disease experienced in the eastern
part of the country. Based on a spatial analysis, a priority index is used to identify regions to target for
the recruitment and training of midwives. GIS is an appropriate and practical tool for governments
and other agencies to use in identifying regional disparities and for priority setting.

Introduction

Reducing maternal mortality is recognized globally as a major health priority and is listed as
a United Nations Millennium Development Goal (Sachs and McArthur 2005). Emphasis has
been placed on addressing maternal mortality in developing countries, where 99% of pregnancy
and childbirth complications occur annually (WHO et al. 2010). However, even in developing
countries, maternal deaths are not distributed evenly, with the worst maternal health indicators
occurring in sub-Saharan Africa.

Contributing to these poor health indicators is the scarcity as well as maldistribution of human
resources for health, most notably in regions with the greatest global burden of disease, such as
sub-Saharan Africa. According to the World Health Report 2006, despite bearing nearly 25% of the
global disease burden, sub-Saharan Africa has only 3% of the global health workforce. This can be
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compared to the Americas (namely the United States and Canada), which bears 10% of the global
disease burden but has nearly 40% of the global health workforce (WHO 2006).

Examining current resources across countries and regions may be an effective first step in
addressing the general dearth and disparity of human resources for health. This paper uses national
health data from Senegal, a country of 12 million inhabitants located in West Africa, to spatially
examine the regional distribution of human resources for health as well as health indicators related
to maternal mortality. Geographic information systems (GIS) software was used to present the
data and to identify priority regions in Senegal that require targeted programs to mitigate regional
disparities in maternal health. Findings from this research will contribute to the GIS health-related
literature in showing that GIS can be used to examine spatial disparity and to prioritize areas of need.

Maternal Health in Senegal

Each year approximately 250,000 women die of pregnancy-related causes in sub-Saharan Africa
(WHO 20006), representing nearly 50% of global maternal deaths. In Senegal, the World Health
Organization (WHO) estimated a maternal mortality ratio of 450 deaths per 100,000 live births
in 2008. To place this number in context, the United States had a maternal mortality ratio of 24
deaths per 100,000 live births in 2008 (WHO et al. 2010).

Maternal deaths are clustered around labour, delivery and the immediate postpartum period
(Ronsmans and Graham 2006). Moreover, maternal deaths are highly associated with three delays
that affect the utilization of life-saving obstetric services: (1) a delay in the decision-making process
to seek care in the event of an emergency, (2) a delay in reaching obstetric services, and (3) a delay
in receiving the emergency care upon reaching obstetric services (Killewo et al. 2006; Ronsmans and
Graham 2006). Expanding the coverage of health workers who are present at birth, particularly that
of midwifery care, can have an impact on each of these delays, thus minimizing the risk of severe
complications that could lead to death (Killewo et al. 2006; Hongoro and McPake 2004).

There is strong evidence that the number of health workers in a region is associated with improved
health outcomes, including maternal mortality (Hongoro and McPake 2004). Moreover, increasing
the coverage of professional midwifery care at birth has a great impact on reducing the number of
maternal deaths, both in developed and developing countries (Hongoro and McPake 2004; Van
Lerberghe and De Brouwere 2001). Major initiatives that expanded professional training and care in
Sti Lanka, Malaysia and Thailand have markedly lowered the maternal mortality ratio to under 50
deaths per 100,000 live births (Van Lerberghe and De Brouwere 2001). It is important to note that
the expansion-of-care campaigns in these countries were multi-pronged approaches that targeted
an increase in access to hospital care as well as a reduction in infectious diseases. That is, no single
strategy is likely to achieve similar success in reducing maternal deaths. This evidence does, however,
show the importance of professional care at birth in reducing maternal deaths.

Geographic Information System (GIS) and Health

The association between geography and health outcomes has been well researched and articulated
(Cummins et al. 2007; Curtis and Jones 1998; Kearns 1993; Macintyre 2002). The theory behind
the associations between geography and health stems from shared patterning and diffusion of
physical and biological risk factors as well as shared social and economic conditions (Curtis and
Jones 1998). That is not to say that processes and variation occurring at the individual level do not
influence health outcomes; rather, it is acknowledging that people and geography have a reciprocal
relationship (Cummins et al. 2007). Within regions and communities there may be variation in
health status and outcomes that are not attributable to place; however, examining the relationship
between health variation and geography provides important contextual information.

More specifically in the developing world context, geography plays a significant role in health-
care access (McLafferty 2003). Environmental barriers, such as access to trained health providers
or proximity to a healthcare facility, greatly influence maternal health outcomes in the developing
world, especially among women (Ojanuga and Gilbert 1992). Recent studies have used GIS tools
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to examine the relationship between place and health (Bullen et al. 1996; Foody 2006; McLafferty
2003; Plescia et al. 2001) and have generally concluded that place and location are important and
significant determinants when examining health outcomes.

. increasing the coverage of professional midwifery care at birth has a
great impact on reducing the number of maternal deaths,
both in developed and developing countries

A recent review of the GIS health-related literature identified four main categories of GIS applica-
tion in public health: disease surveillance, risk analysis, health access and planning, and community
health profiling (Nykiforuk and Flaman 2011). The most common and traditional use of GIS in
public health is in disease surveillance. Used in this way, data on disease incidence and prevalence
are tracked spatially and subsequently mapped (Nykiforuk and Flaman 2011; Gao et al. 2008). This
paper applies GIS as a tool for community health profiling. Community health profiling spatially
examines health behaviours and health access, allowing for the analysis of relationships between
health and setting. Moreover, identifying geographic disparities may lead to targeted strategies to
meet the health needs of communities (Nykiforuk and Flaman 2011).

Community health profiling using GIS can be an invaluable asset for policy makers, public health
officials and community development projects to show resources and need based on geographic areas
(Maclachlan et al. 2007). Examining maternal health indicators and the current distribution of human
resources for health in Senegal through a community health profile lens may provide important infor-
mation for policy development and targeted intervention. Specifically, results from this investigation
can help inform both governmental and non-governmental agencies on the allocation of resources to
best mitigate regional disparities (Maclachlan et al. 2007). In an effort to prioritize midwife service
expansion, GIS is used to describe and examine the relationship between the spatial distribution of
human resources for health and regional variations in maternal health outcomes in Senegal.

Methods

Despite a rather standard definition, measuring maternal mortality can be challenging and the
accuracy of data can vary greatly from region to region (Ronsmans and Graham 2006). Due to
the complexity of measurements, indicators of maternal mortality are often available only in the
aggregate; that is, only countrywide maternal mortality ratios are reported. To investigate variations
in maternal health within countries, examining multiple regional health indicators can provide
more specific information (Ronsmans and Graham 2006). Regional health measures that may be
used as maternal health proxies include the percent of childbirths occurring unassisted by health
professionals, the number of antenatal care visits during a pregnancy and the location of childbirth
(Ronsmans and Graham 2006).

Data from the National Agency for Demography and Statistics (2008) were used to examine the
regional distribution of human resources for health in Senegal. All maternal health indicators, as
well as city locations, were gathered from the 2005 Demographic and Health Survey (Ndiaye and
Ayad 2005). Maps for Africa and Senegal were obtained from the Environmental Systems Research
Institute (ESRI). Locations for health services, including hospitals, health centres and health posts,
were obtained from the WHO.

Two indices are used to analyze maternal health and healthcare access across Senegal: (1) index
for shortage of midwives, and (2) priority areas index for midwife service expansion. The first index
is calculated by taking the current number of midwives by region in Senegal and dividing it by the
WHO-recommended number of midwives per population (1 midwife per 300 women of reproduc-
tive age), creating a “percent met” indicator (WHO 2010). Percent shortage is then calculated by
subtracting the percent met from 1 and multiplying by 100.
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The second index highlights priority regions for midwife service expansion based on a hot spot
analysis of four indicators: (1) percent shortage of midwives, calculated at the regional level as
described above, (2) percent of childbirths per region occurring unassisted by health professionals,
(3) percent of women per region who receive no antenatal care during their pregnancy, and (4)
percent of childbirths per region that take place at a health facility. A hot spot analysis can display
aggregate data based on parameter settings, in this case priority levels by region. To conduct the
hot spot analysis, each indicator is first made into an ordinal variable using the Jenks natural breaks
classification method (Jenks 1977). Next, the variable is assigned a numerical value based on the
regional indicator prevalence; higher values are given to prevalence rates associated with poorer
health outcomes. The four indicators are then summed and mapped by region, creating a hot spot
analysis that identifies regions with the poorest cumulative maternal health indicators. Based on this
analysis, regions are then prioritized for midwife service expansion.

Results

To better identify spatial patterns of health disparity, maternal health indicators are mapped at the
regional level in Senegal. Figure 1 shows the regional prevalence rates of the three health indicators:
percent of childbirths occurring unassisted by health professionals, percent of women that receive no
antenatal care during their pregnancy, and percent of childbirths that take place at a health facility.
Dakar has the lowest percent of unassisted childbirths at 1%, whereas Tambacounda and Matam
both have greater than 8% of childbirths occurring without assistance by a trained professional.
Furthermore, Dakar exhibits the lowest percent of women who attended no antenatal care visits
during their pregnancy, at less than 1%. The two eastern regions of Tambacounda and Matam both
exhibit the greatest percent of women who attended no antenatal care visits, at 20.4% and 11.6%
respectively. The percent of births at health facilities is also uneven, with Dakar exhibiting the
greatest percent and Tambacounda and Kolda the lowest. In general, the eastern regions of Matam,
Tambacounda and Kolda present the poorest health indicators.

Figure 1. Regional maternal health indicators, Senegal, 2005
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Environmental barriers, such as proximity to health facilities, may contribute to the regional
disparity in maternal health indicators. Figure 2 displays the density of health facilities in Senegal;
health facilities include hospitals, health centres, health posts, health huts and pharmacies. Note
also that the densely populated western regions of Senegal also exhibit the highest density of health
facilities. The eastern part of the country, which includes the regions of Matam and Tambacounda,
has the lowest density of health facilities. Not surprisingly, these same regions have the lowest percent
of births at a health facility, displayed in Figure 1.

Figure 2. Density of health facilities, Senegal, 2008
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Figure 3 shows regional variations in the shortage of midwives. The four regions of Matam,
Fatick, Kaolack and Kolda exhibit the greatest shortage of midwives. Conversely, the region of
Dakar has the lowest percent shortage of midwives; however, based on WHO recommendations per
population, Dakar has the greatest need in crude number of midwives needed, as shown in Figure 4.
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Figure 3. Regional midwife shortage, Senegal, 2008
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Figure 4. Number of midwives needed per region based on WHO recommendations, Senegal, 2008
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To prioritize regional maternal health needs, an index was created using the three maternal health
indicators as well as the percent shortage for midwives. Figure 5 shows the regional priority index for
midwife expansion. Based on the midwife priority index, the regions of Matam and Tambacounda
have the highest need and should be targeted for midwife recruitment and training.

Figure 5. Regional priority index for midwife workforce expansion, Senegal, 2008
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Discussion

Expanding Health Worker Coverage: A Determinants Framework

Based on the imbalance of health professionals in Senegal, strategies that extend workforce coverage
to reduce maternal health disparities and ultimately lower the maternal mortality ratio should be
pursued. Expanding coverage will require focusing on recruitment, training, deployment and reten-
tion (Dussault and Franceschini 2006; Koblinsky et al. 2006). To be most effective, strategies should
target areas of need and incorporate determinants for health practice in underserved areas (Wilson et
al. 2009). Recruitment and training of health personnel should be tailored and targeted to maximize
its potential for success, applying the findings of this investigation.

Recent studies have identified a set of factors associated with the distribution of the health
workforce in the developing world (Dussault and Franceschini 2006; Lehmann et al. 2008; Wilson
etal. 2009). These factors are individual factors, the organizational environment, the healthcare and
educational system, the institutional environment and the socio-cultural environment (Dussault and
Franceschini 2006; Wilson et al. 2009).

Individual factors, including birthplace and career aspirations, are strong predictors for practice
in underserved and rural areas (Dussault and Franceschini 2006; Wilson et al. 2009); therefore,
recruitment of health professionals from underserved settings may serve to mitigate the maldistribu-
tion of the workforce. Once health professionals have been recruited, factors in the organizational
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environment, including management style, salary scales and career ladders, can serve as strategies to
retain health workers (Dussault and Franceschini 2006; Fitzgerald and Carlson 2002; Golith 2000).

The healthcare and educational system focuses on the location of training facilities. Health
workforce coverage can be expanded to underserved areas by developing more medical training
facilities or satellite campuses in or around those settings (Wilson et al. 2009). The national govern-
ment can also play an important role in shaping the institutional environment; decentralization of
training and service delivery can improve local resources and increase regional authority in decisions
related to health worker recruitment and retention (Koblinsky et al. 2006).

Lastly, socio-cultural factors are important determinants in the distribution of health profes-
sionals. Negative socio-cultural factors, including extreme conservative practices and fundamen-
talism, can limit the dispersal of health personnel, particularly that of midwives and other female
health workers (Wilson et al. 2009). On the other hand, access to social, cultural, educational and
professional opportunities can greatly increase the likelihood of a professional staying in a particular
location (Dussault and Franceschini 2006).

These five categories provide a robust set of factors associated with the distribution of the health
workforce in developing countries. However, despite its comprehensiveness, the list is not exhaus-
tive but rather provides a framework from which to identify salient factors to be incorporated into
program and policy development.

Recommendations for Moving Forward

To mitigate the inequitable burden of disease and maldistribution of human resources for health
in Senegal as well as in other environments with similar needs and resources, this paper presents a
set of five factors developed through prior research that are associated with health worker recruit-
ment, training, deployment and retention (Dussault and Franceschini 2006; Lehmann et al. 2008;
Wilson et al. 2009). Based on these factors as well as the data presented, “contextually competent”
initiatives should focus on developing regional capacity to manage daily maternal health needs as
well as emergencies.

A recent program implemented in Senegal entitled “Plan Cobra” is an example of an initia-
tive targeting organizational and institutional change that gives health workers more control over
tailoring their worker contracts (Zurn et al. 2010). This program allows health workers to negotiate
for a specific post for a specific length of time. Along with increased negotiating power, the workers
are entitled to special benefits provided by the government (Zurn et al. 2010). The program’s success
(witnessed through the re-opening of 122 health posts) indicates that flexible contracting systems
can have a role in reducing disparities in health worker distribution. Additional strategies that
decentralize semi-professional medical training may also serve as a positive influence in reducing
regional disparities.

Another organizational strategy that may expand health workforce coverage is the advent of
career ladders (Fitzgerald and Carlson 2002; Golith 2000). This strategy could target trained birth
attendants and midwives, promoting career advancement that includes increasing salaries, benefits
and training based on service location. This strategy will not only improve the distribution of health
personnel, but may also serve to improve the quality of services. This is evidenced through a study
in Senegal that found that more training completed by a health worker is associated with a higher
quality of service delivery (Bitran 1995).

Finally, strategies aimed at developing the Senegalese health workforce may leverage the increasing
role of new technologies. A recent World Bank report on global indicators asserted that among
African nations, Senegal was second only to Morocco in the amount of money spent on information
and communication technologies proportionate to its GDP (World Bank 2010). The increasing
access and utilization of digital and mobile technologies throughout Senegal can be used for training,
capacity building and professional development of human resources for health through distance
learning programs. As Internet centres continue to expand throughout Senegal, there is a need to
expand distance learning and training programs for semi-professional health workers to mitigate the
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imbalance of health professionals. Furthermore, increased access to technologies may help address
socio-cultural factors, particularly if technologies can be used to connect isolated health workers to
allow better information sharing and support (Thioune 2003).

Conclusion

The application of GIS in examining geographic health disparities and in identifying priority regions
for targeted intervention provides a novel approach for community health profiling. These data
provide another layer of information that is critical in identifying disparities and is often more
easily understood by policy makers as well as for community members. With this information, both
governmental and non-governmental agencies can implement strategies in areas with the greatest
need for maternal health personnel.

However, although these data show spatial disparities in the number and concentration of
midwives in Senegal, they do not provide information on the quality of services or accessibility of
services by particular sub-groups. This limitation is acknowledged; the data only provide a crude
picture of the distribution and infrastructure of healthcare professionals in Senegal.

More broadly, understanding the relationship between geography and health is important in
developing and delivering contextually competent policy interventions. The significance of geography
should not supersede the impact of individual factors on health outcomes. Rather, work should be
conducted in concert to provide a holistic understanding of individual and population health.

Individual characteristics are no longer thought to be the sole contributor to health outcomes;
rather, individuals operate within a broad social system with structural constraints and resources that
affect personal development and functioning. In other words, only examining individual character-
istics as the sole determinant of health is incomplete and inadequate, as it does not address larger
structural conditions in which individuals function. As evidenced through this investigation on
the distribution of health personnel and maternal health indicators, there is a significant structural
component to need in Senegal. Specifically, poorer health outcomes are concentrated outside the
capital region of Dakar. Targeted and tailored policies are necessary to address health worker imbal-
ances as well as the disproportionate health burden experienced throughout Senegal. As research in
this field continues to develop methods for prioritizing need, GIS should be considered an appro-
priate and useful tool for examining health within a geographic context.
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