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countries in sub-Saharan Africa: a multilevel
analysis of recent Demographic and Health
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Abstract

Background In developing countries, short birth interval is one of the major public health issues. It is one of the
leading cause’s adverse birth outcomes in the worldwide. Despite the fact that ending maternal and perinatal mor-
bidity and mortality is one of the Sustainable Development Goals (SDG), the burden of the problem continues to be a
huge concern in developing countries, including high fertility countries. Thus, this study aimed to determine the short
birth interval and its predictors in ten high fertile sub-Saharan African countries.

Methods Data for this study was obtained from the most recent Demographic and Health Surveys (DHS). A total

of weighted sample of 303,979 women of childbearing age group (15— 49) who had at least two alive consecutive
children was included. A multilevel mixed-effect binary logistic regression model was fitted to identify the associated
factors of short birth interval. As a final step, the Adjusted Odds Ratio (AOR) was used with a confidence interval of
95% in determining statistical significance.

Results Overall prevalence of short birth interval in high fertile sub Saharan Africa was 58.74% (52.32%, 65.17%).

The factors significantly associated with the short birth interval were women’s educational status; primary education
(AOR=10.88; 95% Cl: 0.86,0 .91), secondary and higher (AOR=0.10; 95% Cl: 0.09, 0.11), working (AOR=0.91; 95% Cl:
0.88,0.93), classified as rich wealth index level (AOR=0.90; 95% Cl: 0.88, 0.93),having six and above ideal number of
children (AOR=2.25; 95% Cl: 2.22, 2.30), preferred waiting time two years and above to give birth (AOR=0.83; 95% Cl:
0.76, 0.89), contraceptive non users (AOR=3.01; 95% Cl: 2.93, 3.07), community level education (AOR=1.97; 95% Cl:
1.54,2.08), rural residency (AOR=2.17; 95% Cl: 2.13, 2.22), and country Chad (AOR=1.37; 95% Cl: 1.22, 1.54).

Conclusion The prevalence of short birth interval in the top ten high fertile sub Saharan African countries is still opti-
mally high. Therefore, the government of each country should work on the access to family planning and education
in rural parts of the countries.
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Background

A short birth interval (SBI) is defined as a period of fewer
than 24 months between birth and the next pregnancy,
or a period of less than 33 months between births [1].
In the World Health Organization (WHO), the inter-
birth interval is the interval of time between two con-
secutive live births [2]. According to WHO reports, the
interval between birth and conception should be at least
24 months in two consecutive births [3].

Using Demographic and Health Surveys (DHS) data,
a comparison study of 77 countries found that having
a birth interval of three or more years reduces infant
mortality, maternal mortality, and young child mor-
tality [4, 5]. It is estimated that more than 200 mil-
lion women living in developing nations wish to limit
or space their pregnancies, but are unable to access
modern family planning methods [3, 6-9]. Dimorphic
health survey studies have shown that SBI are very
common in the region (Rwanda: 20%, Uganda: 25%, and
Cameroon: 21%) [10].

Worldwide, birth intervals less than 18 months have
been linked to higher neonatal, infant, and under-
five mortality rates [5, 6, 11-13]. Similarly, women
in developing regions usually have shorter spac-
ing between births than their actual preference [14].
According to data from 52 developing countries, two-
thirds of live births occurred within 30 months of the
previous birth [15].

Global studies have identified several factors associ-
ated with SBI. Maternal age, maternal education level,
husband education level, death of the index child,
parental preference for a specific sex, no contraception
use, ideal number of children, socio-cultural factors,
religion, short nursing duration (less than 24 months),
and poverty levels are just a few of them [15-22] and
ANC follow up [23].

The 2030 Sustainable Development Goals (SDGs) aim
to ensure healthy lives and promote wellbeing for all
people by combining multi-system solutions at global,
regional, and national levels [24]. One of these goals
is to lower the neonatal mortality rate to less than 12
per 1,000 live births [25, 26] which is at a stable stage in
developing countries.

Despite the implementation of many global and national
initiatives and treatments aimed at reducing the burden
of children under the age of five, newborn and neonatal
death rates continue to rise [27, 28], SBI remains one of
the leading causes of child mortality [5, 22] in developing
countries [27, 28].

However, specific African countries have studied
the predictors of SBI among reproductive-age women,
including Ethiopia [28-30] Uganda [31] and Uganda
and Zimbabwe [21]. There have been no studies that
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have combined specific high fertility countries in SSA
to understand why they have such high SBI. In addition,
these previous studies failed to consider community-
level factors and their interaction with individual-level
factors. Multilevel approaches will provide an under-
standing of factors affecting SBI at both the individual
and community levels.

Policymakers, program planners, and other stake-
holders will benefit from the findings of this study,
which will help them develop and implement effective
measures to avoid SBIs in Sub-Saharan African coun-
tries. As a result, the goal of this study was to look at
both individual and community-level predictors of SBI
among women in Sub-Saharan Africa’s top ten high-
fertility countries.

Methods

Study settings and data source

The study was a cross-sectional assessment of data
from recent Demographic and Health Surveys (DHSs)
conducted between January 2010 and December 2018
of ten countries in SSA. As a result of high fertility rates
in some countries, the interval between births can be
short, causing poor fetal and maternal health outcomes
[32-34]. So, our study examined the time between the
deliveries of one child to the delivery of the next child
in top ten high fertility sub Saharan African coun-
tries (Niger, Democratic Republic Congo, Mali, Chad,
Angola, Burundi, Nigeria, Gambia, and Burkina Faso
were included in this study). These countries were
selected because they are the top ten countries with
high fertility rates in SSA with fertility rates above 5.0,
a higher value than the rate of 4.44 in SSA and 2.47
worldwide [35]. One country (Somalia) with no DHS
data was excluded from the analysis. The data for these
countries were obtained from the official database of
the DHS program, www.measuredhs.com after authori-
zation was allowed via online request by explaining the
purpose of our study. We used the woman record (BR
file) data set and extracted the dependent and inde-
pendent variables. The DHS is a nationally representa-
tive household survey that uses face-to-face interviews
on a wide range of population, health, nutrition track-
ing, and effect assessment measures. A two-stage strati-
fied sampling procedure was used to identify study
participants. In the first step, enumeration areas (EAs)
were chosen at random, while households were chosen
in the second stage [36]. The current study included
individual-level data for 303,979 married women who
had at least two live births during the five years pre-
ceding years. Women who had never married were not
included in the study (Table 1).


http://www.measuredhs.com
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Table 1 Description of Surveys and sample size characteristics in
high fertility countries in SSA (n=303,979)

Countries Survey year Weighted Weighted
sample(n) percentage

(%)

Angola 2015-16 4991 1.64

Burkina Faso 2010 39,053 12.85

Burundi 2016-17 23,563 7.75

Chad 2014-15 44,311 14.58

DR Congo 2013-14 28,559 9.40

Gambia 2013 19,209 6.32

Mali 2018 25,279 832

Nigeria 2012 84,226 2771

Niger 2012 34,790 11.44

Study variables

Dependent variable

In this study, the outcome variable was a SBI, which was
dichotomized into "yes=1" and "no=0". A SBl is defined
as an interval of less than 33 months between two suc-
cessive live births. A preceding birth interval greater
than 33 months was defined as a non-SBI, in accordance
with WHO recommendations [37]. The birth interval
was calculated by subtracting the birth date of the first
child from the date of the second child [38].

Independent variables

All of the independent variables were chosen after a
thorough examination of the literature [28, 31, 39-41]
and individual-level factors and community-level varia-
bles were used to categorize the independent variables.
Individual-level variables were age at first marriage,
educational status of respondents (no formal educa-
tion, primary education, secondary and above), occu-
pation (not working, working), wealth status, media
exposure, ideal number of children (less than 6 years,
6 years and above), husband education (no formal edu-
cation, primary education, secondary and above), and
husband occupation (not working, working), preferred
waiting time to birth (less than 2 years, 2 years and
above), and contraceptive use (yes, no). Of the com-
munity level variables, residence (rural, urban) were
directly accessed from DHS data sets. However, com-
munity level poverty (low, high) and community level
education (uneducated, educated) were constructed by
aggregating individual-level characteristics at the clus-
ter level [42—44]. They were classified as high or low
based on the distribution of proportion values gener-
ated for each community after using the histogram to
check the distribution. Because the aggregate variable
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was not normally distributed, the median value was
chosen as a classification cut-off point.

Wealth status

The variable wealth index was re-categorized as “Poor’,
“Middle’, and “Rich” categories by merging poorest with
poorer and richest with richer [42, 45, 46].

Media exposure

Media exposure was calculated by aggregating TV watch-
ing, radio listening, and reading newspapers and woman
who has exposure to either of the media sources was cat-
egorized as having media exposure and the rest consid-
ered as having no media exposure [30].

Preferred waiting time to birth

Categorized as those who wish to wait 2 years and above
and those who wish to wait less than 2 years before
another pregnancy [28].

Ideal number of children
Categorized into those who need six or more children
and those who need fewer than six [28].

Data analysis

For data analysis Stata version 16 software was used.
Throughout the analyses, sampling weight was used to
adjust for the unequal probability of sample selection and
the differences in response rates. Before data analysis,
the data were weighted to ensure that the DHS sample
was representative and to provide reliable estimates and
standard errors.

Due to the hierarchical nature of the DHS data (i.e.,
mothers are nested inside clusters), a multivariable multi-
level logistic regression analysis was used to estimate the
effects of each SBI predictor.

The equation used for fitting the multilevel logistic
regression model was as follows:

Log [7ij / (1 —mif)] = BO+ PBlxij+ B2xij ---+ u0j + eOjj

Where, mij: the probability of short birth interval, 1-
mij: the probability of no short birth interval, B1xij: indi-
vidual and community level variables for the i individual
in group j, respectively. The 8’s are fixed coefficients indi-
cating a unit increase in X can cause a {3 unit increase in
probability short birth interval. While the f3, is intercept
that is the effect on short birth interval when the effect
of all explanatory variables are absent. The u0j shows the
random effect (effect of the community on the women’s
short birth interval) for the j community [47, 48].

Four models were fitted in this study. Model 0 (Empty
model) was used to assess random variability in the inter-
cept and determine the intra-class correlation coefficient
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(ICC) and Proportion Change in Variance (PCV). Model
I assessed the effects of individual-level predictors. Model
IT explored the effects of community-level predictors,
while Model III (Full model) investigated the effects of
both individual and community-level features at the same
time. Model III was the best-fitted model since it had the
lowest deviance. Variables having a p-value less than 0.2
in bivariable analysis were used for multivariable analy-
sis [49—-51]. Finally, in the multivariable analysis, adjusted
odds ratios with 95% confidence intervals and a p-value of
less than 0.05 were used to identify factors of SBI.

Results

Individual level factors

Out of the total respondents, 202,348 (66.57%) women
were not attended formal education, of the study par-
ticipants 67,652 (23.77%) were not working, and 176,471
(58.25%) of the respondents had media exposure towards
birth spacing. Among the participants, 92,383 (58.33%)
had preferred two and above years waiting time to birth.
With regard to their economic status, 134,243 (44.16%)
women were from households under the poor wealth
quintiles and 105,246 (34.62%) were from the rich wealth
quintiles (Table 2).
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Community level factors

Of the study participants 226,296 (74.44%) were resides
in rural area. Of the respondents 155,006 (50.99%)
women were from communities with low proportion
of poverty level. Among respondents 202,347 (66.57%)
were under low proportion of community education level
(Table 3).

Prevalence of short birth interval in top ten high fertile
sub-Saharan African countries

Overall, the prevalence of SBI in top ten high fertile sub
Saharan Africa countries was 58.74% (52.32%, 65.17%).
The prevalence of SBI was ranged from 38.32% in Mali to
71.43% in Chad (Fig. 1).

Predictors of short birth interval

In table four, the study showed that women with Sec-
ondary and higher educational status were 0.9 times less
likely to have SBI than those who had no formal educa-
tion (AOR=0.10; 95% CI: 0.09, 0.11) and those women
with primary education level were 0.12 times less likely
to have SBI compared to those with no formal educa-
tion (AOR=0.88; 95% CI: 0.86,0 0.91). Women who
had employed were 0.09 times less likely to have SBI

Table 2 Individual characteristics of respondents in high fertile countries in sub-Saharan Africa (n=303,979)

Variables Categories Frequency Percentage (%)
Age at birth of index child <18 175,305 5767
19-24 109,943 36.17
>25 18,732 6.16
Educational status of respondents No formal education 202,348 66.57
Primary education 82,226 27.05
Secondary and above 19,407 6.38
Husband education No formal education 180,514 5943
Primary education 78,558 25.86
Secondary and higher 44,651 14.70
Occupation of respondents Not working 67,652 23.77
Working 216,949 76.23
Husband occupation Not working 14,159 467
Working 289,148 95.33
Wealth index Poor 134,243 44.16
Middle 64,491 21.22
Rich 105,246 34.62
Media exposure No 126,508 41.75
Yes 176,471 58.25
Ideal number of children Less than 6 80,531 2649
6 and above 223,448 73.51
Preferred waiting time to birth Less than 2 years 65,995 41.67
2 and above years 92,383 58.33
Contraceptive use Yes 49,717 16.36
No 254,263 83.64
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Table 3 Community level characteristics of respondents in high
fertile countries in sub-Saharan Africa (h=303,979)

Variables Categories Frequency Percentage (%)
Residence Urban 77,684 25.56
Rural 226,296 74.44
Community-level poverty  Low 155,006 50.99
High 148,962 49.01
Community education Uneducated 202,347 66.57
Educated 101,633 3343
Country Angola 4991 1.64
Burkina Faso 39,053 12.85
Burundi 23,563 7.75
Chad 44,311 14.58
DR Congo 28,559 940
Gambia 19,209 6.32
Mali 25279 832
Nigeria 84,226 27.71
Niger 34,790 11.44

compared to those unemployed (AOR=0.91; 95% CIL:
0.88, 0 0.93). The odds of SBI in the rich wealth index
level were 0.1 times less likely to be happened compared
to those women in the poor level (AOR=0.90; 95% CI:
0.88, 0.93). The likelihood of women having SBI was high
among women who had six and above (AOR=2.25; 95%
CL 2.22, 2.30) ideal number of children in comparison
to their counterparts. Women with two years and above
preferred waiting time to birth were 0. 17 lower chance of
having SBI (AOR=0.83; 95% CI: 0.76, 0.89) against those
who wanted a wait time of less than two years. Women
who did not use contraception were also three times
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more likely to have a SBI (AOR=3.01; 95% CI: 2.93, 3.07)
compared to those had used contraceptives.

With regard to the community level factors, women
classified as low Community level education were
more likely to had risk of SBI (AOR=1.97; 95% CI:
1.54, 2.08) than high Community level education.
Women in rural areas had a 2.17 times higher chance
of having a SBI than those in urban areas. (AOR=2.17;
95% CI: 2.13, 2.22). Furthermore, women in Chad were
1.37 times more likely (AOR =1.37; 95% CI: 1.22, 1.54)
to have higher probability of SBI compared to women
in the Angola (Table 4).

Discussion

In this study, we assessed the prevalence and predictors
of SBI in ten high fertility Sub-Saharan African countries
using the DHS dataset from 2010 to 2018. This study
revealed that residence site, women’s educational status,
women’s occupation, wealth index, contraceptive use,
ideal number of children; preferred waiting time, com-
munity level poverty, and country were the independent
predictors of SBIs.

This study revealed the prevalence of SBI was 58.74%
(95% CI: 52.32%, 65.17%).This finding is consistent with
studies conducted in Uganda (52.4%) [31], Ethiopia
[9, 52], Kassala eastern Sudan (60.6%) [53]. However,
the finding is higher than studies conducted in Ethio-
pia [12, 18, 19, 28, 39, 54], Ghana (49.7%) [55], Tanza-
nia (48.8%) [6], Iran (28.8%) [56] and rural Bangladesh
(24.6%) [1]. This could be explained by the prior studies’
small sample sizes and social and cultural differences
between the current study and previous studies. In this
study, women with primary and secondary education

%

Country (year of survey) Prevalence (95% Cl)  Weight
Angola (2015 - 16)) i‘ 60.23 (58.87, 61.59) 11.07
Burkina Faso (2010) . E 52.32 (51.82, 52.82) 11.12
Burundi (2016- 17) ¢ 58.78 (58.15, 59.41) 11.11
Chad (2014 -15) E ® 71.43(71.01,71.85) 11.12
DR Congo (2013- 14) . 62.82 (62.26, 63.38) 11.12
Gambia (2013) . E 52.67 (51.96, 53.38) 11.11
Mali (2018) . E 38.32(37.72, 38.92) 1.1
Nigeria (2012) | . 64.25 (63.93, 64.57) 11.12
Niger (2012) E ® 67.86(67.37, 68.35) 11.12
Overall, DL (f = 99.9%, p = 0.000) 58.74 (52.32,65.17)  100.00
T
0 50

Fig. 1 Forest plot of overall prevalence of short birth interval in top ten high fertile Sub-Saharan countries. Source: Authors’ computations
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Table 4 multivariable analyses for factors affecting short birth interval (n =303,979)
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Variables Short birth interval Model 0 Model 1 AOR (95% Cl) Model 2 AOR (95%Cl) Model 3 AOR (95%Cl)
No yes
Individual level Characteristics
Educational status of the respondents
No formal education 72,570 129,776 1 1
Primary education 32,450 49,728 0.94 (0.92,0.97)* 0.88(0.86,0 .91)*
Secondary and higher 8395 11,012 0.96 (0.91,1.01) 0.10 (0.09,0.11)*
Occupation of respondents
Not working 23,173 44,479 1 1
Working 84,058 132,891 0.83(0.81,0.85)* 0.91 (0.88,0.93)*
Wealth index
Poor 47,572 86,672 1 1
Middle 23,707 40,784 0.98(0.95,1.01) 0.96 (0.93,0.99)
Rich 42,184 63,001 0.90 (0.88,0.93)* 0.90 (0.88,0.93)*
Media exposure
No 43,482 83,025 1 1
Yes 69,683 106,788 0.85(0.83,0.87)* 1.01(0.98, 1.04)
Ideal number of children
Less than 6 35,011 45,520 1 1
6 and above 78,452 144,997 141 (1.37,1.45)* 2.25(2.22,230)*
Preferred waiting time to birth
Less than 2 years 24,378 41617 1 1
2 and above years 34,099 58,284 1.02 (0.99, 1.05) 0.83 (0.76, 0.89)*
Contraceptive use
Yes 20,244 29,473 1 1
No 93,219 161,044 1.01 (0.98, 1.05) 3.01(2.93,3.07)*
Community level variables
Community level education
Educated 72,570 129,776 1 1
uneducated 40,892 60,741 1.13(1.08, 1.17)* 1.97 (1.54,2.08)*
Community level Poverty
Low 59,861 95,145 1 1
High 53,597 95,365 1.06 (1.02, 1.10)* 1.00 (0.96, 1.04)
Residency
Urban 32,603 45,080 1 1
Rural 80,860 145,436 1.26 (1.24,1.29)* 2.17(2.13,2.22)*
Country
Angola 1985 3006 1 1
Burkina Faso 18,620 20,433 0.66 (0.62,0.71)* 0.59(0.53,1.01)
Burundi 9712 13,851 0.87(0.81,0.92)* 0.93 (0.83,1.05)
Chad 12,660 31,651 1.57 (1.47,1.67)* 1.37(1.22, 1.54)*
DR Congo 10,619 17,940 1.08 (1.01, 1.15)* 1.08(0.96, 1.21)
Gambia 9092 10,117 0.79 (0.74,0.85)* 0.70(0.63,1.12)
Mali 9482 15,797 1.05(0.98,1.12) 0.91 (0.81, 1.03)
Nigeria 30,110 54,114 1.15(1.08, 1.22)* 1.10(0.98, 1.23)
Niger 11,182 23,607 1.30(1.22,1.39)* 1.09 (0.97,1.22)
Random effect results Model 0 Model 1 Model 2 Model 3
Variance (%) 6135 47.29 17.34 11.32
ICC (%) 14.76 14.01 11.28 9.50
MOR 20.25 17.78 10.76 8.70
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Table 4 (continued)
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Variables Short birth interval Model 0 Model 1 AOR (95% Cl) Model 2 AOR (95%CI) Model 3 AOR (95%Cl)
No yes

pPCv Ref 229 VAW, 815

Deviance(-2LLR) 159,672 143,450 134,576 113,268

Null model: adjusted for individual-level characteristics

Model 2: Adjusted for community-level characteristics

Model 3: adjusted for both individual and community level characteristics
AOR Adjusted Odds Ratio, COR Crude Odds Ratio

" Statistically significant at p-value <0.05

were 12% and 90% less likely to have SBI than those
without formal education. This discovery is in line with
the findings of Tanzanian [6], Democratic Republic of
Congo [10], Ethiopia [16, 22, 52], and Kassala, Eastern
Sudan [53]. The reason might be if the women’s educa-
tion level increases, they will also be more knowledgea-
ble and aware of the effects of short childbirth intervals
on maternal and child health [57]. As a result, women
with a primary, secondary, or higher education are less
likely to have SBI than women with no education.

Women with occupation were 9 percent less likely
to have SBI than not with occupation women. This
might be the likelihood of SBI among women who
are employed may be explained by the relatively busy
lifestyle and awareness of contraceptives utilization,
which may help women to reduce their childbearing
period [16, 29].

Women from the rich households were less likely to
experience SBI compared with women from the poor
household. This study is in line with previous research
[22, 29]. This could be because women with more
resources have easier access to health information and
education, resulting in longer birth intervals.

The study found that women with a preferred waiting
time of two years or more had a 17% lower chance of hav-
ing SBI than women with a preferred waiting time of less
than two years. This might be due to the fact that women
who preferred to have space to give birth will use contra-
ceptive methods [58].

Moreover, women who have a desire to have six or more
children had 2.25 times greater risk of SBI compared to
those with a desire of fewer than six children. In the
developing countries of Sub-Saharan Africa, parents and
their community members have a desire for more chil-
dren because of socio-cultural and religious interests. This
result is also supported by research undertaken in Ethio-
pia [16, 39] and Sudan [53]. Furthermore, in the develop-
ing world, livestock is the sole source of livelihood, where
more children are considered beneficial to have more
keepers for their cattle. This perception of the developing

community towards more children has contributed to the
SBI in these regions of sub Saharan Africa [59].

In addition Contraceptive use has been linked to closed
birth intervals. Women who had no utilized contracep-
tive had 3 times greater risk of SBI compared to those
had used. This study also supported with several studies
conducted in Ethiopia [18, 39, 54] and Nigeria [60]. This
may be because contraceptive use delays a birth interval
and limits fertility as it affects the reproductive process
[61]. Women who do not use contraceptives may also
miss the opportunity to contact a healthcare provider,
causing them to be less aware of the outcome of SBI.

Women living in rural areas have a 2.17 times higher
risk of SBI than those living in urban areas. Similar find-
ings were found in Ethiopia [9] and Democratic Republic
of Congo [10]. The reason may be that women living in
rural areas are socio-economically disadvantaged [1] and
inaccessible to modern contraceptive methods.

According to this study, women who live in commu-
nities with a low proportion of educational level were
more likely to have risk of SBI compared to women who
lived in a community of high educational level. The rea-
son might be if education level increases, they will also
be more knowledgeable and aware of the effects of short
childbirth intervals on maternal and child health [62].

Moreover, women living in Chad were 1.37 times
more likely to have risk of SBI compared to women in
the Angola. This could be due to the difference in wealth
status of the women for under low income countries of
Chad that leads inaccessibility of maternal health services
such as family planning services and access to health
information [63].

The study’s strength was its use of national survey data
sets from many countries. Due to the cross-sectional
nature of the data, this study may not demonstrate cause
and effect relationship. Variation of time of data sets that
the latest data sets can have overestimated the prevalence
of SBI in this study. In addition, this study did not include
variables such as ANC visits, types of marriage, which
may have a significant impact on birth spacing.
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Conclusion

The prevalence of SBI in the top ten high fertile sub
Saharan African countries is still optimally high. In
the multilevel multivariable logistic regression model;
residence, women’s education, occupation, wealth
index, contraceptive use, ideal number of children,
preferred waiting time, community level poverty, and
country were the independent predictors of SBI in the
top ten high fertile sub Saharan African countries. As
a result, each country’s government should endeavor
to improve access to family planning and education in
rural areas.
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