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Abstract

The choice of place of delivery is still debatable in most sub-Saharan African societies” especially pastoral
communities. The decision on whether to deliver at a health facility or at home varies across households.
This study sought to evaluate the effects of computed distance, demographic and socio-economic factors
on the place of child delivery in rural Magadi, Kenya. The integration of both spatial and statistical
techniques was adopted. Distances (straight-line distance, road network distance to the nearest health
facility and primary facility) were computed using tools in the Network Analyst toolbox. Computed
distances of 246 sampled households together with demographic and socioeconomic factors were further
analysed using univariate and multivariate logistic regression. The findings showed that calculated road
network distance to the primary facility was a determinant of access and use of place of delivery both for
the adjusted and the unadjusted odds. Women aged 20 years or below, having more children, secondary
education or above and those who are unmarried are more likely to deliver at health facility. Receiving 1
or 2 childbirth services from a health facility, being aware of a private actor who set up the health facility
and involvement of the spouse in the decision-making of place of birth are also linked to the use of health
facility for child delivery. Deliveries at home were related to family monthly income level, family
occupation, opinion on health facility location and being aged between 21 - 30 years. It was found that
though computed road distance to the primary facility was the dominant factor, other variables such as
level of education, parity, awareness of local actors, other childbirth services received prior to child delivery
and marital status determined whether a woman would access and use health facilities for child delivery.
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Introduction

Sub Saharan Africa (SSA) still suffers a great
challenge when it comes to offering health access
to all the population. For instance, despite
maternal mortality decreasing by 38% between
2000 and 2017, SSA still lags behind, accounting
for 68% of maternal deaths worldwide (WHO,

2019a). The path to achieving the set 70 maternal
deaths per 100,000 live births (UN, 2018, WHO,
2019a) far looks more like a dream in the
continent. The poor access of health facilities for
delivery in Africa, (skilled deliveries range 59%
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in African region) is partly responsible for these
mortality statistics in the region (WHO, 2019b).

However, these figures vary from country to
country within the region. For instance, Machira
and Palamuleni (2017), by studying factors that
draw women to deliver in public health facilities
in Malawi, reported that only 36.7% of the
women utilized public health facility. In Ethiopia,
the numbers are slightly lower, whereby 26.9% of
the women delivered in a health facility (Abera et
al., 2016) while in Magadi, Kenya, a study on
factors influencing deliveries in rural Magadi
indicated the number of health facility delivery at
39% (Karanja et al., 2018). It is apparent from
empirical studies that socio-economic and
demographic factors such as age, marital status,
education, parity, wealth status among others
plays a role in decision making on the utilization
of childbirth services such as antenatal care
services, choice of place of delivery and post-
natal care services (Bekuma et al., 2020; Caulfield
et al., 2016; Enuameh et al., 2016; Kim et al., 2018;
Shiferaw & Modiba, 2020).

Geographical accessibility has been seen as a
major factor that influences place of delivery in
many sub-Saharan nations including Kenya
(Gabrysch et al., 2011; Gborgbortsi et al., 2020;
Nesbitt et al.,, 2016). Most studies in urban areas
use travel time or distance to model accessibility
based on a defined road network. This has been a
challenge in rural areas since the road networks
are not clearly defined. For instance, in rural
Zambia, a study examined the influence of
distance on the level of care on place of delivery
(Gabrysch et al., 2011) and in rural Ethiopia
(Defar et al., 2021) applied the use of straight line

distance as an alternative to geographical
modelling and access to maternal and child
health services. However, such distances do not
depict the reality on the ground. Furthermore, the
use of straight-line distance is anchored on
unrealistic assumptions of the existence of an
isotropic plain with no physical barriers. Other
studies have relied on reported distance to
determine use of health facility for childbirth and
not computed distance. However, reported
distance has been found to compromise location
accuracy (Defar et al., 2021; Hanson et al., 2017).
The few studies that have used computed
distance are limited to wurban settings
(Dumitrache et al., 2020; Gborgbortsi et al., 2020;
Sharma et al., 2016). This study on the effect of
computed distance on place of delivery in the
study area, is an attempt to fill this gap.

Materials and methods

Study area

The study was conducted from April 2020 to
April 2021 in Magadi Ward, Kajiado County,
Kenya. The area is zoned into eight (8)
community units namely: Oldonyo Nyokie,
Musenge, Entasopia, Olkiramatian, Pakase,
Shompole, Oloika, and Magadi. According to the
2019 nationwide census, there were a total of 7,
523 households in the area. The most practiced
economic activity in the area is pastoralism due
to its situation in an arid and semi-arid region. A
total of eighteen (18) health facilities are located
in the area out of which twelve (12) offer
childbirth services. Magadi hospital, a level 4
facility, serves women with birth related
complications (Figure 1).
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Figure 1. Location of Magadi Ward in Kajiado County, Kenya

Study design and sampling techniques

A cross sectional design approach was selected
for this study. The target participants were
women of childbearing age (15-49 years) who
had given birth within the last one year by the
time of data collection. The sample size was 246
women, arrived at using (Yamane, 1967) formula
of sample size calculation. The respondents were
picked  proportionately based on their
geographical and sociodemographic traits from
the households in the eight community units,

1:4,500,000

Table 1, using a systematic random sampling
approach. This approach is where after picking
from a household, three households are skipped
and it is picked from the fourth household.
Where there was no respondent that met the set
criterion, the next household was picked until the
sample size is attained and distributed per
community unit. Some community units received
a small sample because of relocation of nomadic
pastoralists.

Table 1. Health facilities that offer childbirth services in Magadi Ward and sampled households

Community Units (8) HF present

Type of HF No. of Households

Entasopia Entasopia Health Centre Level 3 14
. . Olkiramatian Dispensar Level 2
Olkiramatian Oldorko Dispensfry Y Level 2 30
Oldonyo Nyokie Oldonyo Nyokie Dispensary Level 2 39
Pakase Pakase Dispensary Level 2 16
Shompole Dispensar Level 2
Shompole Eldanl;lo-OolaSsio Dinensary Level 2 47
Magadi Hospital Level 4
Magadi (Olkeri) Ilparakou Dispensary Level 2 40
Murantauwa Dispensary Level 2
Musenge Musenge Dispensary Level 2 36
Oloika Oloika Dispensary Level 2 4




Factors associated with place of child delivery
The factors were grouped into two: dependent
and independent variables. The independent
variables were distance, demographic variables:
age, education, parity; and socio-economic
characteristics such as awareness of local actors,
family occupation, family monthly income, and
spouse/relative decides place of delivery; while
the dependent variable was place of delivery
(home or facility).

Data collection and analysis

Computed distances in the study area were
generate from Geographic Information System
(GIS) software (ArcGIS 10.4). The features were
loaded into a geospatial database to enable
mapping of sampled households, health facilities
and all the roads. The network dataset was built
from these features which acted as road network
sources and have the connectivity (topology) and
attributes associated with them. Firstly, straight-
line distances were generated by the ‘Near Table
tool’ to obtain the distances between the
households and the health facilities. Next using
the “‘New Closest Facility” toolset in the Network
Analyst toolbox, road network distances were
calculated from the 246 households to the nearest
of the 12 health facilities that offered childbirth
services in Magadi Ward. Analysis was also run
for the 246 household’s road network distance to
the primary facility (Magadi Hospital) using the
same tool. The resultant computed distances
from every household, together with responses of
other variables that were collected in
questionnaire form were loaded in STATA 15.1
for further statistical analyses. Descriptive
analysis was performed to summarize the
characteristics of the target population. Further,
univariate and multivariate logistic regression
were run on the independent variables to identify
determinants of place of delivery.

Ethical considerations

Ethical Approval: The study was conducted
according to the guidelines of the Department of
Geography, Population and Environmental
Studies, and also approval was sought from the
Ethics Research Committee of the Kenyatta
National Hospital and the University of Nairobi
Ethics Research Committee (KNH-UON ERC)
(KNH-ERC/ A /123) on 6th April 2020.

Consent to participate: Both informed and written
consent were obtained from the subject(s) who
participated in the study.

Results

A total of 246 participants responded to the
survey in the 8 community units of Magadi
Ward. Out of these, majority of the births 61.8%
(152) took place at home while 38.2% (94)
occurred at health facility.

The computed distances generated from location
of women and health facilities were ranging from
200m the nearest and the farthest distance
covered was over 50000m, Figure 2. They were
represented by 4 quantile (quartile) categories as:
Quartile 1 “Households in the first zone around
health facility”, Quartile 2 “Households in the
second zone around health facility”, Quartile 3
“Households in the third zone around health
facility”, Quartile 4 “Households in the fourth
zone around health facility” to take care of the
huge variation. Overall, the proportion of births
at a health facility experienced a significant
decline with increasing quartile category for the
road network distance to the primary facility
(Magadi Hospital). Those who delivered in
health facility in the first quartile were 53.2%, in
the second quartile 45.2%; in the third quartile
37.7%, and in the fourth quartile 16.4%. This
implies that the farther away a woman was from
the primary health facility, the lower the chances
of giving birth in the health facility, Figure 2 and
Table 1.

This was further confirmed by an analysis of road
network distance to the nearest health facility
which indicated that the highest proportion of
women who delivered at home were found in the
fourth quartile (70.5% of the respondents), Figure
3. However, 63.5% of the respondents who
delivered at home were found in the first quartile
while the lowest percentage of women who
delivered at home (55.9%) were found in the third
quartile. This implies that as far as the secondary
health facilities were concerned, apart from those
respondents residing farthest from the facility,
the rest of the respondents may not have been
significantly influenced by road distance from
the facility. As far as straight-line distance to the
nearest facility is concerned, a high proportion of
women who delivered at home were found in the



fourth and third quartiles accounting for 67.9%
and 67.2% respectively figure 2.
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Figure 2: Computed distance to health facilities and place of delivery

Figure 3. Spatial distribution of households, health facilities and existing routes to nearest facility and primary facility
and access to place of delivery in Magadi Ward.



The association between computed distance and
place of delivery in Magadi

Computed distances were further subjected to
regression analysis, only the road network
distance to the primary health facility showed
statistical ~significance when adjusted for
confounders, Table 2: unadjusted ratio {first

quartile (OR = 5.80, 95%CI = 2.50 - 13.46), second
quartile (OR =4.20, 95%CI =1.82 - 9.75) and third
quartile (OR = 3.09, 95%CI = 1.32 - 7.34)} and
adjusted ratios {first quartile (OR =8.87, 95%CI =
2.16 - 36.35), second quartile (OR =6.73, 95%CI =
1.77 - 25.5) and third quartile (OR = 11.89, 95%ClI
=3.05 - 4.98), Table 2.

Table 2. Univariate and multivariate regression showing distances and place of delivery

Variable Crude OR 95%ClI P value Adjusted OR  95%CI P value
(a) 4 Quantile straight line distance to nearest health facility

1 1.52 0.72-3.24 0.64 0.66 - 6.16 0.696
2 1.79 0.84 - 3.81 3.95 0.56-27.89  0.168
3 1.03 0.48 -2.20 0.93 0.23 -3.74 0.918
4 (Ref.)

(b) 4 Quantile Road network distance to nearest health facility

1 1.37 0.65-2.91 0.408 0.64 0.66 - 6.16 0.412
2 1.79 0.85-3.77 0.124 3.95 0.56-2789 0924
3 1.88 0.89 - 4.00 0.100 0.93 0.23-3.74 0.488
4 (Ref.)

(c) 4 Quantile Road network distance to primary health facility

1 5.80 2.50-13.46 <0.001 8.87 216-36.35  0.002
2 4.20 1.82-9.75 0.001 6.73 1.77-25.5 0.005
3 3.09 1.32-7.24 0.010 11.85 3.05-4.98 <0.001
4 (Ref.)

Ref.* Reference: The quartile category that was referenced

Other factors associated with place of delivery in
Magadi

The unadjusted odds ratios demonstrated that
attaining secondary level of education and above,
women aged 20 years and below, knowledge of
private entities as local actors that set up health
facilities in community units, receiving two
childbirth services, spouse/ relative deciding or
sometimes deciding place of delivery for women,
and total number of children a woman has ever
bore (parity) were significantly associated with
delivering in a health facility in Magadi Ward
(Table 3). The likelihood of delivering at health
facility was not associated with unadjusted age of
women (between 21 - 30), having primary level
of education, being unmarried, receiving one
childbirth service, monthly family income level,
types of family occupation and also opinion
whether health facility location is proper (Table
3).

After adjusting for odds, women aged 20 and
below, having secondary and above level of
education, awareness of private and
public/private categories of local actor,
unmarried women, receiving one or two other
childbirth services at a health facility, spouse/
relative deciding for place of delivery for women,
and having a total of 3 - 4 children are
significantly associated with delivering at a
health facility (Table 3). The adjusted ratios that
did not present any significant likelihood of
delivering at a health facility are: women aged 21-
30, attaining primary level of education and
above, monthly family income levels, family
occupation, opinion on health facility location
and having between 5 - 8 children by women in
Magadi were not related to delivering in a health
facility (Table 3).



Table 3. Univariate and Multivariate regression showing demographic and socioeconomic characteristics on place of

delivery

Variable

Crude OR

95%CI

P value

Adjusted
OR

95%CI

P value

Age

<20

21-30

>30 (Ref.)
Education level
Never attended
(Ref.)

Primary

Secondary and
above

Marital status
Married (Ref.)

Not married
Awareness of Local
Actors

Government (Ref.)
Private

Public/ private
Other CBS received
1CBS

2 CBS

3 CBS or more (Ref.)
Monthly  family
income level
<5000 (Ref.)

5000  -10000

> 10000

Family occupation
1 type of occupation
(Ref.)

2 type of occupation
3 type of occupation
Spouse decides
place of delivery
No (Ref.)

Yes

Sometimes
Opinion whether
HF location proper
Yes (Ref.)

No

Parity

1-2 (Ref.)

3-4

5-8

2.23
1.81

1.31
5.37

1.40

421
0.58

0.55
0.22

0.60
1.02

1.75
2.07

2.50
3.40

1.91

0.41
0.39

1.09 - 4.56
0.87-3.71

0.67 - 2.56
2.57-11.23

0.71-2.77

2.26 -7.86
012-283

0.24-1.27
0.09-0.55

0.32-1.12
0.50-2.11

0.76 - 4.00
0.25-17.11

1.42-4.38
1.33 - 8.69

0.75-4.90

0.22-0.78
0.21-0.75

0.027
0.111

0.434
<0.001

0.336

<0.001
0.502

0.160
0.001

0.111
0.951

0.186
0.499

0.001
0.011

0.176

0.006
0.004

4.08
221

1.43
11.38

0.07

7.08
0.10

0.20
0.06

0.42
0.79

0.99
0.87

6.40
2.07

5.20

0.20
0.60

1.05-12.75
0.68 - 7.12

0.52-3.95
2.54-50.91

0.01-0.33

2.43 - 20.65
0.01-0.81

0.05-0.75
0.02-0.25

0.16-1.06
0.27-2.32

0.39 -2.49
0.08 -9.81

2.45-16.78
0.55-7.87

1.11-24.44

0.06 - 0.59
0.17 -2.11

0.042
0.185

0.494
0.001

0.001

<0.001
0.031

0.017
<0.001

0.066
0.662

0.985
0.913

<0.001
0.284

0.037

0.004
0.423

Ref* Reference: The variable category that was referenced

CBS® - Childbirth Services



Discussion

The aim of this study was to determine how
distance and other factors affect the access and
use of place of delivery in Magadi Ward. The
results indicated that computed road network
distance to the primary health facility was a
determinant when choosing place of delivery.
This could be because the primary facility
(Magadi hospital) is the only facility that can
handle complicated cases during childbirth in the
area. Therefore, distance is a significant factor
because it could dissuade the choice of delivery
in health facility. It was also noted that most of
the existing roads in the study area (Figure 3);
which were used to generate the road network
distances were non-all weather, thus posing a
challenge to accessing health facilities. This result
agrees with the findings by Lohela ef al., (2012) in
a study on relationship between distance and
care, facility births and early neonatal mortality
in Zambia and Malawi, using measured straight-
line distance showed that in both countries,
distance to care is associated with place of
delivery. This is based on the fact that straight-
line distance may not be the real representation
of the friction of distance. Itisimperative to point
out that reported and computed distances may
not be the sole factors determining use of health
facility for childbirth. In Ethiopia, Godefay et al.,
(2016) found that availability of standby
ambulances made freely accessible to the public
for pregnancy-related cases reduced maternal
mortality in Tigray during childbirth.

Despite education levels amongst women in
Magadi being low, the findings from this study
also illustrated that the utilization of skilled
delivery increased with increase in education
level. This is indicative of the significant role of
education in choice of place of delivery. In the
Democratic Republic of Congo, a study analyzed
the maternal education level and maternal
healthcare utilization; It was established that the
woman’s level of education is associated with the
utilization of maternal healthcare services (Wang
et al, 2021). Furthermore, Machira and
Palamuleni (2017) studied the factors associated
with the utilization of healthcare services during
childbirth in Malawi also stated that education
level increased the likelihood of using health
facility during delivery Machira and Palamuleni,

(2017); both studies concurring with the findings
herein. However, a study in Eritrea on factors
influencing the choice of delivery place among
mothers living in rural FEritrea, reported
diverging result in that the maternal level of
education was not linked to place of delivery
(Kifle et al., 2018).

The study also sought to establish whether there
was a relationship between maternal age and
place of delivery. The outcome was that women
advanced in age did not mainly deliver in health
facilities. This could be due to the assumption
that women of higher age have probably had
successful previous delivery experiences with no
complications thus boosting their confidence in
home delivery. Another plausible explanation
could be borrowed from Grossman’s model
(Grossman, 1972) which conceptualized that the
younger the population the higher the demand
for health services. The research findings are also
supported by a study in Zimbabwe that explored
factors affecting uptake of maternal services
(Mupwanyiwa et al., 2020). Accordingly, younger
women are more likely to use modern health care
as compared to older women. Studies in rural
Kenya and Tanzania concurred with this finding
regarding age whereby, it was reported that a
woman’s age was one of the risk factors
associated with home delivery. For instance,
(Mrisho et al., 2007) in a study on the effects of
home delivery in rural Tanzania found that a
mother’s age was an important independent
determinant of place of delivery. The results were
similar to those of van Eijjk et al., (2006), who
undertook a study on the use of antenatal care
and child delivery services in a rural community
in Western Kenya and found that, despite high
use of antenatal care services in rural western
Kenya, low records of institutional child delivery
were reported by older women.

The utilization of other childbirth services such as
antenatal and postnatal care increased the odds
of health facility delivery. This could perhaps be
due to the fact that women who use these services
understand or are advised on the benefits of
delivering in a health facility. The results
however differ with the study findings by Kifle et
al., (2018), while analyzing the factors influencing
the choice of place of delivery in rural Eritrea.
Kifle, noted that despite women who receive



antenatal care, home deliveries are still rampant
in the area.

Similarly, the same was witnessed in the number
of children. Women with more children are more
likely to deliver at health facility. The reason
could be because of the likely negative
experiences they encountered with child delivery
at home during previous deliveries. Women who
give birth for the first child may have less
experience at child delivery thus, uncertainties
about the difficulties during labor and delivery at
home. There are consistencies of these findings
with Macharia et al, (2017) on the factors
influencing women'’s utilization of public health
care services; who found that institutional
delivery in rural Malawi was influenced by the
birth order and the number of children a woman
has.

Spousal decision on place of delivery suggests
that, the more men are involved in deciding place
of birth the greater the possibility of women to
utilize health facilities for child delivery. The
community in Magadi is patriarchal thus the
need to involve men in decisions related to
childbirth. A sentiment also hailed by Temba et
al., (2013) in addressing efforts of cultural
constraints to girls’ access to education among
the Maasai community in Tanzania. They
established that the possibility of husbands
controlling their spouses within the Maasai
community was dominant factor.

Pastoral communities majorly rely on animal
husbandry to sustain a living. This type of
economic activity leaves very little room for a
variety of occupation to exist. More so, the
income input is one-sided where the males are
overly relied on to work so as to earn a living.
This could explain the reasons why this study
found the two variables to be statistically
insignificant. Nonetheless, when scaling up by
category there were greater chances of women
from a higher family income level and those in
households with more types of occupation to
seek delivery in health facility. This implies that
women from families with a higher monthly
income have the capacity to meet monetary costs
associated with delivering in a health facility.
This finding agrees with the findings of Sahoo et
al., (2015) in India that was assessing whether
choice of place of delivery is a factor of family

income. It was established that as family income
decreased, the odds of delivering at home
increased significantly. Correspondingly in
Ghana, women from a poor household were less
likely to have health facility delivery due to the
cost as Dankwabh et al., (2019) revealed in a study
on the social determinants of skilled delivery in
health facility. In addition, the families with
many types of occupation are able to increase the
chances of meeting the associated cost of
delivering at a health facility. These finding also
correspond with those of a study investigating
the determinants of place of delivery among
women in Zaria northern Nigeria (Idris et al.,
2006). They found that the spouse’s employment
status enabled the women to deliver in a health
facility.

Conclusion

Although road network distance was strongly
associated with child delivery at the primary
facility, it was not associated with child delivery
in the nearest facilities. An indication that the
primary facility is farther and key in offering
childbirth services than the nearest facilities. In
addition, maternal age, level of knowledge, use
of other childbirth services (e.g antenatal and
postnatal care) and the number of children a
woman has are demographic factors that played
a major role on where to undertake child
delivery.

Consequently, interventions need to be sort out
on increasing the utilization of health facilities for
delivery among pastoral communities. For
instance, interventions towards improving road
conditions and building more primary facilities
that could handle complicated cases would go a
long way in addressing the challenges associated
with distance to health facilities. A reliable
transport system which could also play a major
role includes better modes of transporting
expectant mothers such as: modernised
ambulances, taxis, vehicles dedicated for
maternity care among others. More so, a good
road network is essential for the effective
working of the different modes as a means of
reducing financial barriers to care (Fournier et al.,
2009).

Efforts should also be put to address access and
use of childbirth services by strengthening of



initiatives within and outside public health
designed to empower females with education as
a tool. Furthermore, older women in the
community should be targeted as a way to
sensitive them on the importance of facility
delivery. Plans to improve health facility delivery
should emphasize on care providers enlightening
women on the significance of institutional
delivery during their routine antenatal visits.

However, creating awareness to women should
not be the primary focus. The patriarchal nature
of the community suggests that men's
involvement would expose them to pregnancy
information thus encourage them to support
their women during childbirth. Though
(Mohammed et al., 2020) stated that it would be
useless to promote interventions on male
involvement without considering women'’s
perspective. Thus, the authors recommended
that male friendly environments be provided
during antenatal visits and childbirth while still
considering the woman’s comfort. Hence, despite
distance being the dominant factor, other
variables affect access and use of health facilities
for child delivery as considered in this study.
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