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Abstract
BACKGROUND
Continued rapid population growth in sub-Saharan Africa is driven predominantly by
high fertility. Contraceptive use was a key determinant of past fertility transitions. An
analysis of this relationship in sub-Saharan Africa can yield a better understanding of the
region’s prospects for fertility decline.
METHODS
Using global estimates and projections, we describe trends in contraceptive use and
fertility and analyse the relationship between the two. Timing, pace, and level parameters
derived from Bayesian hierarchical models of historic contraceptive and fertility
transitions are used to investigate how the experience of sub-Saharan Africa may be
distinctive.
RESULTS
Fertility in sub-Saharan Africa fell from 6.4 births per woman in 1990 to 4.6 in 2020, the
highest among regions today. Contraceptive use among married/in-union women in subSaharan Africa increased from 13% to 33% over the same period, and remains the region
with lowest use. At all levels of contraceptive use, countries of sub-Saharan Africa tend
towards higher fertility compared to other regions. Transitions in contraceptive use and
fertility have occurred later in sub-Saharan Africa, and have been slower in Middle and
Western Africa (but not Eastern and Southern Africa), compared to the experience of
Asia, Latin America, and the Caribbean.
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CONTRIBUTION
Based on an analysis using Bayesian models, we demonstrate large differences across
countries in the pace and timing of fertility and contraceptive use transitions, and we
confirm that Middle and Western Africa are distinct. The findings from these separate
and independent models are similar, lending additional support to the validity of these
conclusions.

1. Background
Continued rapid population growth presents challenges for achieving the 2030 Agenda
for Sustainable Development. Sub-Saharan Africa in particular is projected to sustain
rapid population growth through the end of the century. With a current population of 1.1
billion, this region is projected to become the most populous of the regions around 2060,
surpassing both Eastern and South-Eastern Asia, and Central and Southern Asia in size
(United Nations 2019a). The median projection foresees a population for sub-Saharan
Africa in 2100 of 3.8 billion; the 95% prediction interval around this projection extends
from 3.0 to 4.8 billion. This rapid population growth will be a challenge for sub-Saharan
Africa, where countries must provide health-care services, education, and eventually
employment opportunities for growing numbers of children and young people.
Long-term global population trends are driven largely by trends in fertility
(Andreev, Kantorová, and Bongaarts 2013). Existing work has examined the possibility
of ‘African exceptionalism’ to explain the fact that fertility in sub-Saharan Africa was
and continues to be higher than in other regions of the world (Bledsoe and Pison 1994;
Bongaarts 2017; Bongaarts and Casterline 2013; Caldwell 1982; Caldwell and Caldwell
1990).
The proximate-determinants framework for the analysis of fertility (Bongaarts 1978;
Bongaarts 2015; Stover 1998) includes contraceptive use as a key component, in addition
to abortion, duration of breastfeeding, patterns of union formation, and contraceptive
effectiveness. Contraception helps individuals and couples to achieve their reproductive
goals and enables them to exercise the right to have children by choice. The growing use
of contraceptive methods has resulted in improvements in health-related outcomes such
as reductions in unintended and high-risk pregnancies and in maternal and infant
mortality, as well as in improvements in schooling and economic outcomes, especially
for girls and women.
Beyond the impacts of contraceptive use at the individual level, there are also
benefits at the population level resulting from declining fertility (Canning and Schultz
2012). From a macroeconomic perspective, reductions in fertility enhance economic
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growth as a result of reduced numbers of dependent children and youth relative to the
population of working age and an increased number of women participating in paid
labour.
It is important to understand the relationship between contraceptive use and fertility
because of the implications for triggering a demographic transition and accelerating the
pace of fertility decline. A better understanding of the relationship between contraceptive
use and fertility helps to inform investments in family planning. Liu and Raftery (2020)
analyse how women’s education and family planning had accelerated fertility decline,
showing that women’s education and contraceptive prevalence both had signiﬁcant
effects, with contraceptive prevalence having a substantially larger eﬀect size. Some
researchers use education and contraception in fertility projections (Vollset et al. 2020),
with Abel et al. (2016) and Kebede, Goujon, and Lutz (2019) concluding that women’s
education has a major impact on past and future fertility trends in sub-Saharan Africa.
In this paper, we provide an overview of the global, regional, and national trends in
contraceptive use and fertility using the latest results from the revision of the United
Nations 2019 World Population Prospects (United Nations 2019a) and the revision of the
United Nations 2020 Estimates and Projections of Family Planning Indicators (United
Nations 2020a), and we offer insights into the relationship between contraceptive use and
fertility. We investigate whether and in which aspects sub-Saharan Africa is different to
other global regions in terms of contraceptive use and fertility using two sets of
parameters from the United Nations models. Our aim is to identify the specific aspects of
fertility and contraceptive use transitions that are distinctive to sub-Saharan Africa.

2. Data and methods
2.1 Data and definitions
The average number of live births per woman over a lifetime is referred to as the total
fertility rate (TFR), or more briefly as fertility. Estimates and projections of fertility are
obtained from the 2019 revision of World Population Prospects (United Nations 2019a).
The estimates from 1950 to the present are based on available sources of data on fertility,
mortality, and population size by age and sex, including population and housing censuses,
vital registration of births and deaths, nationally representative household surveys, and
official statistics reported in the United Nations Demographic Yearbook from 1950 to
2018. A detailed list of the data sources used or considered and the methods applied in
revising past estimates of fertility for each country or area is available elsewhere (United
Nations 2019b).
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Projections of fertility to the year 2100 reflect the plausible outcomes at the global,
regional, and country levels. They were taken from United Nations (2019a), which were
generated using the statistical model of Alkema et al. (2011) and Ševčíková, Alkema, and
Raftery (2011). There is inherent uncertainty in projections, and there is more uncertainty
around projections that extend further into the future. For countries with high levels of
fertility, the projected decline built into the median projection is based on a country’s
own fertility trend, informed as well by data on historical fertility transitions from all
regions of the world, focusing on the period after 1950 when modern methods of
contraception came into use. These transitions were driven by multiple factors of human
development, including reductions in child mortality, increased levels of education in
particular for women and girls, increased urbanisation, women’s empowerment and
growing labour force participation, and expanded access to reproductive health-care
services, including family planning. While none of these factors are explicitly included
in the model as covariates, they are reflected in the differences in historic fertility
transitions. The projection trajectories (and related summary indicators) implicitly
assume that high fertility populations will experience fertility declines similar to past
transitions observed in countries that developed earlier.
Contraceptive prevalence (CP) is the percentage of women who report themselves
or their partners as currently using at least one contraceptive method of any type. The
estimates and projections for contraceptive prevalence presented here are available from
1970 to 2030 for women of reproductive age who are married or in a union (15 to 49
years) and 1990 to 2030 for all women of reproductive age (United Nations 2020a;
Kantorová et al. 2020) for 186 countries or areas with total population of 90,000 persons
or more and with at least one observation of contraceptive prevalence, as well as for
aggregate geographic regions. These estimates are intended to be comparable across
place and time. Medians and 80% and 95% uncertainty intervals of the estimates and
projections of contraceptive prevalence are published.
The survey data underlying these model-based estimates and projections of
contraceptive prevalence are publicly available as a comprehensive data set of 1,317
survey-based observations for 196 countries or areas for the period from 1950 to 2019,
entitled World Contraceptive Use 2020 (United Nations 2020b). Much information was
obtained from multi-country survey programmes that routinely collect the necessary data,
including Contraceptive Prevalence Surveys, Demographic and Health Surveys, Fertility
and Family Surveys, the Gender and Generations Surveys, the Reproductive Health
Surveys, Multiple Indicator Cluster Surveys, Performance Monitoring and
Accountability 2020 surveys, and World Fertility Surveys. Additional information was
provided by other international survey programmes and national surveys. A summary of
the data available in the data compilation by region and time period is given in Figure A1, Appendix A in the supplementary material.
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For analytical purposes, contraceptive methods are often classified as either modern
or traditional. Modern methods of contraception – which tend to be more effective than
traditional methods at averting unintended pregnancy (Bradley et al. 2019; WHO 2018)
– include female and male sterilisation, the intrauterine device (IUD), the implant,
injectables, oral contraceptive pills, male and female condoms, vaginal barrier methods
(including the diaphragm, cervical cap and spermicidal foam, jelly, cream, and sponge),
the lactational amenorrhea method (LAM), emergency contraception, and other modern
methods not reported separately (e.g., the contraceptive patch or vaginal ring).
Traditional methods of contraception include rhythm (e.g., fertility-awareness-based
methods, periodic abstinence), withdrawal, and other traditional methods not reported
separately.
When examining the relationship between contraceptive use and fertility, we use the
indicator contraceptive prevalence of any method because of the contribution of
traditional methods in averting unintended pregnancy. However, it is important to note
that among contraceptive users in 2020, the majority (91%) are using modern methods,
up from 86% in 1990, suggesting a slight shift in the method mix towards modern
methods.
Family planning indicators are presented for different categories of marital status.
Women of reproductive age pertains to women aged 15 to 49 years. The married or inunion category pertains to women who are married (defined in relation to the marriage
laws or customs of a country) and to women in a union, which refers to women living
with their partner in the same household (also referred to as cohabiting unions, consensual
unions, unmarried unions, or ‘living together’). The unmarried/not-in-union category
pertains to women who are neither married nor in a union.
Estimates of contraceptive use by method and the proportion of women who are
married or in a union are also obtained from United Nations Population Division datasets
(United Nations 2019c and 2020c).

2.2 Descriptive analysis
Results from the datasets are used to provide an overview of the global, regional, and
national situation of fertility and contraception and to provide insights into why subSaharan Africa is different. We present regional trends from 1950 to 2100 in the total
fertility rate, and from 1990 to 2030 in contraceptive prevalence, and comment on
regional patterns common to the two indicators. We identify the ten countries
experiencing the largest increase in use of contraception since 2010 and the ten countries
experiencing the largest decline in fertility since 2010. By identifying countries with
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particularly rapid increases in contraceptive use, it could be expected that these countries
are currently experiencing or will soon experience declines in fertility.
We plot the relationship between contraceptive use and fertility in 1990 and in 2020
using estimates from 186 countries. We also examine country trajectories for the period
1970 to 2020 and comment on the diversity within sub-Saharan Africa.

2.3 Systematic analysis of statistical model parameters
Projections of total fertility were generated using the model of Alkema et al. (2011) and
Ševčíková, Alkema, and Raftery (2011).4 Although developed for projections, the model
is fitted to TFR observations from 1950, which means that the fitted parameters can also
be used to characterise fertility transitions that overlap the period 1950–2100.
The fertility transition model breaks each country’s TFR time series into Phases I–
III. Phase II is the transition phase, where TFR decreases from high to low levels. Phases
I and III are, respectively, the pre- and post-transition phases. Among the model’s
parameters are ones that reflect the pace of fertility decline during Phase II and the ranges
of TFR over which declines accelerate, plateau, and abate (𝑑𝑐 , ∆𝑐1 , ∆𝑐2 , ∆𝑐3 , respectively;
see Alkema et al., 2011). The model time scale is the 5-year period.
Estimates and projections of contraceptive prevalence (CP) are produced by the
Bayesian hierarchical models developed by Alkema et al. (2013), Cahill et al. (2017), and
Kantorová et al. (2020).5 Underlying the modelled trends is the concept of a ‘contraceptive use transition,’ which posits that prevalence of contraceptive use at the country
level starts low, increases at an accelerating pace, then decelerates to eventually fluctuate
around a long-run, country-specific maximum. Deviations from this latent trend are
accommodated, including reversals. These models have country-specific parameters that
characterise the pace, timing, and ultimate level of CP of the latent trend (ω, Ω, and 𝑃,
respectively; see Appendix A). The model time scale is the single year.
We use these parameters to provide insights into how the contraceptive and fertility
transitions in sub-Saharan Africa differ from the transitions that occurred in Asia, Latin
America, and the Caribbean. Further details on the derivation and estimation of the
parameters are in Appendix A.
We focus on the parameters characterising the pace, timing, and levels of CP
increase and fertility decline, as summarised in Table 1 and Figure 1. We use the posterior
median estimates of these parameters from the two Bayesian models fitted to the
respective fertility and family planning datasets described above. We use boxplots to
show the distribution of the posterior medians across countries within the subregion. We
4
5

Source code and input data files are available from https://cran.r-project.org/package=bayesTFR (v6.4-0).
Source code and input data files are available from https://github.com/FPcounts/FPEMglobal (v1.1.0).
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use scatterplots of the posterior medians to show the association between parameter pairs
from the two models. We present the posterior 80% uncertainty intervals on the
scatterplots. Uncertainty intervals around the median estimates of the parameters can also
be found in Appendix B.
Table 1:

Parameters of interest from the contraceptive prevalence (CP) model
and TFR model
Contraceptive prevalence model

Concept
Pace

Parameter
𝜔𝑐

Timing

Ω𝑐

Level

𝑃𝑐

Definition
Maximum rate of increase in CP
during the contraceptive transition
Scale: proportion per year
Year at which 𝜔𝑐 occurs
Scale: year
Asymptote for CP
Scale: proportion

Fertility model
Parameter
𝑑𝑐
𝑌𝑐
𝑈𝑐

Definition
Upper limit of 5-year decrements in TFR
during the fertility transition
Scale: births per woman per 5-year period
Year in which the maximum 5-year
decrement occurs
Scale: year
TFR level at the start of the TFR
transition.
Scale: births per woman

Note: All parameters are country-specific, indicated by the subscript ‘c,’ but are time-independent. Note that 𝑌𝑐 is not a model parameter
in Alkema et al.’s (2011) TFR model but can be derived from those that are (see Appendix A in the supplementary material).

2.3.1 Pace
The pace, or speed, at which contraceptive and fertility transitions take place is
summarised by the CP model’s 𝜔𝑐 parameter and the TFR model’s dc parameter. 𝜔𝑐 is
proportional to the slope of the CP (any method) curve in the year in which country c’s
increase in CP is greatest. In other words, it represents the largest expected instantaneous
increase (per annum) in CP over the period of transition. Similarly, dc is the upper limit
of the 5-year decreases in TFR expected during Phase II of country 𝑐’s fertility transition.
Both parameters, then, capture a maximum amount of expected change over the model’s
respective time scales and so characterise the pace of change in CP and TFR, respectively.
Further analyses of the associations between parameters from the two separate and
independent models are reported in Appendix A.

2.3.2 Timing
The pace parameters from both models can be interpreted as rates of change at specific
times. The year in which the instantaneous rate of change in CP reaches its maximum,
𝜔𝑐 , is the year Ω𝑐 (in years before and after Ω𝑐 the rate of change is less than 𝜔𝑐 ).
The fertility transition model does not have an explicit timing parameter. Therefore,
by analogy to Ω𝑐 we defined 𝑌𝑐 to be the year at which TFR reached 𝑈𝑐 − Δ𝑐1 − Δ𝑐2 / 2.
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This is the TFR range in which the 5-year decrements in TFR obtain their maximum
level, for which 𝑑𝑐 is the upper bound. By definition, 𝑌𝑐 is in Phase II of country 𝑐’s
fertility transition.
An exploratory analysis of the association between the timings of the contraceptive
use and fertility transitions was performed by fitting loess curves to scatterplots of the
posterior medians of 𝑌𝑐 and Ω𝑐 . A similar analysis was performed for the pace parameters
and is reported in Appendix A.

2.3.3 Level
In the CP model, 𝑃𝑐 is the long-run expected maximum prevalence. 𝑈𝑐 is the TFR at
which the fertility transition begins in the TFR model. While not as closely linked,
conceptually, as those for timing and pace, these parameters summarise expected
maximum levels of CP and TFR in the respective models.
Figure 1:

Illustration of the parameters of interest from the contraceptive
prevalence (CP) model (left) and TFR model (right) for country c.

Note: 𝝎𝒄 and 𝒅𝒄 are pace parameters, 𝜴𝒄 and 𝒀𝒄 are timing parameters, and 𝑷𝒄 and 𝑼𝒄 are level parameters. See text and Table 1 for
descriptions of the parameters.
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3. Results
3.1 Global, regional, and national trends in fertility and contraceptive use
The global fertility rate declined from 3.2 births per woman in 1990 to 2.4 in 2020. In
sub-Saharan Africa, where the average level of fertility is the highest of the global
regions, total fertility has fallen from 6.4 births per woman in 1990 to 4.6 in 2020. The
most rapid regional fertility declines in recent decades have been in Eastern and SouthEastern Asia, Latin America and the Caribbean, Central and Southern Asia, Northern
Africa, and Western Asia (Figure 2). In 1950, the total fertility rate was higher than 6 in
Eastern and South-Eastern Asia (6.1), Northern Africa and Western Asia (6.6), Oceania
excluding Australia and New Zealand (6.2), and sub-Saharan Africa (6.5). The decline in
the total fertility rate from 6 to 4 live births per woman took 24 years in Eastern and
South-Eastern Asia (from 1950 to 1974); 19 years in Northern Africa and Western Asia
(from 1974 to 1993); and 35 years in Oceania excluding Australia and New Zealand
(from 1968 to 2003). It is projected the same decline will take 34 years in sub-Saharan
Africa (from 1995 to 2029).
In 2020, of the 35 countries or areas with fertility levels above four births per
woman, 33 are found in sub-Saharan Africa (Figure 3), and the speed of recent fertility
decline varies. Despite slow changes since 2010 in several high-fertility countries of subSaharan Africa, there have also been recent rapid declines of fertility in some countries
of this region. Between 2010 and 2020, 7 of the 10 countries with the largest estimated
reductions in the total fertility rate were found in sub-Saharan Africa, including Chad,
Ethiopia, Kenya, Malawi, Sierra Leone, Somalia, and Uganda. The other 3 countries in
the top 10 were Afghanistan, Jordan, and Yemen, all with an estimated decrease greater
than 0.9 live births.
The global level of fertility is expected to reach 2.2 live births per woman in 2050
and 1.9 in 2100, according to the median projection (United Nations 2019a). The level of
fertility in sub-Saharan Africa is projected to fall to 3.1 births per woman in 2050 and to
2.1 in 2100. When considering the long-term perspective from 1950 to 2100, the decline
of TFR in sub-Saharan Africa occurs later and is slower compared to other regions going
through the demographic transition during this period.
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Figure 2:

TFR by region, 1950–2100, estimates and median projection

Data source: United Nations, Department of Economic and Social Affairs, Population Division (2019a). World Population Prospects
2019.
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Figure 3:

TFR by live births per woman, by country or area in 2020

Data source: United Nations, Department of Economic and Social Affairs, Population Division (2019a). World Population Prospects
2019.

Worldwide in 2020, 63% of married or in-union women in the reproductive age
range (15 to 49 years) were using some form of contraception, an increase from 55% in
1990. The prevalence of contraceptive use among married or in-union women of
reproductive age in sub-Saharan Africa increased from 13% in 1990 to 33% in 2020, but
it is still the region with the lowest level of contraceptive use today (Figure 4). The
significant increases in contraceptive use since 1970 in Central and Southern Asia,
Northern Africa and Western Asia, and Latin America and the Caribbean (Figure 4)
match the declines in fertility over the same time period in these regions (Figure 2).
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Figure 4:

Prevalence of contraception among married or in-union women aged
15 to 49 by region, 1970–2030, median estimates and projections

Data source: United Nations, Department of Economic and Social Affairs, Population Division (2020a). Estimates and Projections of
Family Planning Indicators 2020.

The diversity within regions in contraceptive use can be seen in Figure 5.
Contraceptive use among married or in-union women in 2020 was above 75% in 31
countries and below 20% in 14 countries out of the 186 countries included in the study.
Within sub-Saharan Africa in 2020, use of contraception among married or in-union
women ranged from 7% in Chad and South Sudan to 69% in Botswana and Zimbabwe.
Recent increases in contraceptive use could also be expected to go hand in hand with
recent or upcoming declines in fertility. Although use of contraception is low in subSaharan Africa compared to other regions, a number of countries within this region have
seen a significant rise in use in recent years. Nine of the 10 countries with the largest
increases (by at least 13 percentage points) in the use of contraception among married or
in-union women between 2010 and 2020 are found in sub-Saharan Africa, including
Burkina Faso, Ethiopia, Kenya, Lesotho, Liberia, Malawi, Senegal, Sierra Leone, and
Uganda. Five of these countries, Ethiopia, Kenya, Malawi, Uganda, and Sierra Leone,
were also among the ten countries, which experienced the largest declines in fertility
since 2010.
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Figure 5:

Prevalence of contraceptive use (any method) among married or inunion women aged 15 to 49 in 2020, median estimates

Data source: United Nations, Department of Economic and Social Affairs, Population Division (2020a). Estimates and Projections of
Family Planning Indicators 2020.

3.2 Relationship between contraceptive use and fertility
An inverse relationship between contraceptive use among all women and the fertility
level can be observed in cross-national data for both 1990 and 2020 (Figure 6). Countries
with high proportions of women using contraception generally have lower fertility. There
are notable differences in fertility levels across regions. In addition, compared to 2020,
there was more intraregional diversity in 1990 among high-fertility countries, which
included countries from sub-Saharan Africa, Northern Africa, Western Asia, and Central
and Southern Asia. Today, high-fertility countries are found mostly in sub-Saharan
Africa. At every level of contraceptive use in 2020, countries of sub-Saharan Africa
tended to display higher levels of total fertility compared to other regions. The equivalent
chart for contraceptive use among married or in-union women can be found in Appendix
A.
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Figure 6:

Total fertility rate in 1990 and 2020 by the prevalence of
contraception among women aged 15 to 49, 186 countries or areas
presented by region

Data source: United Nations, Department of Economic and Social Affairs, Population Division (2020a) Estimates and Projections of
Family Planning Indicators 2020, and United Nations, Department of Economic and Social Affairs, Population Division (2019a). World
Population Prospects 2019.
Notes: All regression lines were estimated using ordinary least squares. In 2020, slopes of the regression lines were smaller in
magnitude compared to 1990, and a lower proportion of the variation was explained (R2). Regression lines are not included for Europe,
Northern America, Australia, and New Zealand.

Data on contraceptive use for all women are available for only the period starting in
1990, whereas for married or in-union women, such data are available starting in 1970.
In order to have a longer historical perspective, the relationship between contraceptive
use by married or in-union women and total fertility is presented for 186 countries for the
period 1970 to 2020 (Figure 7). This Figure shows country-specific trajectories of the
total fertility rate versus the prevalence of contraceptive use (any method) among married
or in-union women aged 15 to 49 during 1970–2020. 186 countries or areas are displayed,

110

https://www.demographic-research.org

Demographic Research: Volume 46, Article 4

with some countries highlighted. Each line indicates one country as it transitions through
the period from 1970 to 2020. A general pattern is evident: Over time, countries move
from a situation of higher fertility and lower contraceptive use to lower fertility and
higher contraceptive use. One country from each region is highlighted as an example.
Europe, Northern America, Australia, and New Zealand are excluded since in these
regions contraceptive use was generally already high and fertility was already low in
1970. Among the highlighted countries, Bangladesh, Cambodia, and Colombia
experienced sharp declines in fertility and increases in contraceptive use since the 1960s,
some of which can be observed here. Malawi, while initiating the fertility transition from
a higher level, has nevertheless experienced a decline in fertility and an increase in
contraceptive use, though at every level of contraceptive prevalence experiences higher
fertility compared to Bangladesh, Cambodia, Colombia, and Egypt.
Figure 7:

Country-specific trajectories of the total fertility rate versus the
prevalence of contraceptive use (any method) among married or inunion women aged 15 to 49 during 1970–2020. 186 countries or areas
are displayed, with some countries highlighted

Data source: United Nations, Department of Economic and Social Affairs, Population Division (2020a) Estimates and Projections of
Family Planning Indicators 2020, and United Nations, Department of Economic and Social Affairs, Population Division (2019a). World
Population Prospects 2019.

Nevertheless, some countries achieved relatively low levels of fertility at relatively
low levels of contraceptive use, while other countries continue to experience high fertility
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despite having a high prevalence of contraceptive use. This is because contraceptive use
is one of many factors associated with fertility change.

3.3 Evidence from fertility and contraceptive prevalence model parameters
A summary of the posterior median estimates of model parameters for total fertility and
contraceptive prevalence by region can be found in Table 2. We present an analysis by
region here; a more detailed analysis can be found in Appendix A.
Table 2:

Summary of posterior median estimates of model parameters by
region. These are summary statistics of posterior median estimates
taken over all countries within each region

Model

Parameter

Model parameter and scale

Region

Min.

Median

CP

Pace

𝜔𝑐
(proportion per year)

Asia

0.035

0.068

0.175

LAC

0.042

0.064

0.087

Africa

0.036

0.051

0.089

Asia

1961

1991

2023

LAC

1961

1977

2026

Africa

1970

2023

2069

Asia

0.63

0.69

0.83

LAC

0.64

0.70

0.78

Africa

0.65

0.69

0.73

Asia

0.090

0.146

0.343

LAC

0.073

0.131

0.221

Africa

0.071

0.101

0.233

Asia

1960

1979

2009

LAC

1960

1970.5

1994

Africa

1966

1990

2026

Asia

5.1

6.8

8.8

LAC

5.0

6.7

7.6

Africa

5.7

6.9

8.4

Timing

Level

TFR

Pace

Timing

Level

Ω𝑐
(year)

𝑃𝑐
(proportion)

𝑑𝑐
(births per woman per 5-year
period)
𝑌𝑐
(year)

𝑈𝑐
(births per woman)

Max.

Note: ‘Min.’ and ‘Max.’ are the minima and maxima, respectively; ‘LAC’ is Latin America and the Caribbean. These are unweighted
since the model is run for individual countries as units of analysis.

112

https://www.demographic-research.org

Demographic Research: Volume 46, Article 4

3.3.1 Pace
In order to examine the speed of transition, boxplots of the posterior medians of 𝜔𝑐 and
𝑑𝑐 for all countries in Africa, Asia, Latin American, and the Caribbean are shown in
Figures 8 and 9, respectively. In both plots, Middle Africa and Western Africa stand out
as having very low values of the pace parameters for both CP and TFR. For example, in
Gambia the median pace of CP uptake was 0.05 (80% uncertainty interval (UI) 0.03 to
0.06) and pace of TFR change was 0.08 (80% UI 0.06 to 0.13); and in Central African
Republic the figures were 0.04 (80% UI 0.02 to 0.06) and 0.08 (80% UI 0.06 to 0.13),
respectively. This indicates that African distinctiveness is at least in part characterised by
low pace of CP uptake and low pace of TFR change. Nevertheless, there are several
countries in Eastern Africa and Southern Africa (e.g., Ethiopia, Malawi, Namibia, and
South Africa) with similar median CP pace parameters (0.08) to those in Central America,
South America, and Southern Asia (e.g., Costa Rica (0.08, 80% UI 0.05 to 0.12), Uruguay
(0.07, 80% UI 0.05 to 0.11), and Bangladesh (0.08, 80% UI 0.06 to 0.12)), subregions
that are generally thought to have quickly scaled up contraception. The median pace
parameters for CP were notably high for Eastern Asia (the highest was China (0.17, 80%
UI 0.13 to 0.23)) and low in Northern Africa, Central Asia, Western Asia, and the
Caribbean. The highest median pace of TFR change was in China (0.30, 80% UI 0.23 to
0.37), Iran (0.34, 80% UI 0.30 to 0.39), Maldives (0.32, 80% UI0.28 to 0.36), and Oman
(0.33, 80% UI 0.30 to 0.37).
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Figure 8:

Distributions of posterior median estimates of 𝝎𝒄 , the maximum rate
of increase in CP, for Africa, Asia, Latin America, and the Caribbean
by subregion

Note: These parameters are time-independent. Country-specific values mentioned in the text and outlying values are labelled.
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Figure 9:

Distributions of posterior median estimates of 𝒅𝒄 , the maximum
possible 5-year decrement in TFR, for Africa, Asia, Latin America,
and the Caribbean by subregion

Note: Country-specific values mentioned in the text and outlying values are labelled.

The pace parameters from the CP and TFR models are plotted against each other in
Figure 10 for Africa, Asia, Latin America, and the Caribbean (see Figure A-4 in
Appendix A for a similar plot by region). Some of the Western and Middle Africa
countries with low values for 𝜔𝑐 also have low 𝑑𝑐 values; these are clustered together at
the bottom left corner of the plot (e.g., Gambia and Central African Republic). The Asian
countries with fast increases in CP (large 𝜔𝑐 ) do not appear to have similarly large values
of 𝑑𝑐 , as indicated by the points to the right of the plot, which lie within the range of 𝑑𝑐
values. Similarly, most of the Asian countries with high 𝑑𝑐 have modest levels for 𝜔𝑐 .
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Figure 10:

Posterior estimates of 𝝎𝒄 versus 𝒅𝒄 for Africa, Asia, Latin America,
and the Caribbean

Note: Central 80% uncertainty intervals are shown by grey cross hairs. A loess smooth is overlaid to indicate the bivariate association.
The loess curve is fitted only to the medians and does not take account of the uncertainty.

3.3.2 Timing
Estimates of the contraceptive prevalence timing parameter could not be obtained for
countries with estimated contraceptive prevalence at asymptote levels for the entire
observation period. Estimates of the fertility timing parameter are not available for
countries that entered Phase II of the fertility transition before the period 1950–1954. See
Supplementary Table B1 for a list of countries and parameter estimate availability.
To examine the timing of transitions, boxplots of the posterior medians of Ω𝑐 and 𝑌𝑐
(determined based on level of total fertility) for all countries in Africa, Asia, Latin
America, and the Caribbean are shown in Figures 11 and 12 respectively. The timing of
the contraceptive transitions in Africa are generally later and in most countries of Eastern
Africa, Middle Africa, and Western Africa will occur in the future (the median midpoint
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of the transition in Chad will be around 2069 (80% UI 2043 to 2117), 2045 in Sierra
Leone (80% UI 2029 to 2067), and 2040 in South Sudan (80% UI 2026 to 2064)) and are
therefore projections based on available data to date.
Middle Africa and Western Africa also stand out as having a later estimated fertility
transition compared to other regions, for example a maximum TFR decrement in
Democratic Republic of Congo around 2020 (80% UI 2013 to 2029), in Gambia 2026
(80% UI 2005 to 2039), and in Nigeria 2018 (80% UI 1990 to 2035). As comparison, the
maximum TFR decrement took place in 1963 in Singapore (80% UI 1959 to 1965) and
Trinidad and Tobago (80% UI 1960 to 1965). This suggests that the distinctive
experience of sub-Saharan Africa is also characterised by later contraception and fertility
transitions compared to other regions.
Timing parameters for the CP and TFR models are plotted against each other in
Figure 13 (see Figure A-6 in Appendix A for a similar plot by region). Many African
countries are clustered in the top right corner, demonstrating later transitions in
contraceptive use and fertility compared to Asia, Latin America, and the Caribbean.
While only three countries are projected to experience their median maximum TFR
decrement after 2020 (Central African Republic, Gambia, and Niger), 56% of the African
countries studied (and all but one from Western Africa) are yet to experience their year
of maximum CP increase as clearly indicated by the many points that occur after the
vertical 2020 reference line.
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Figure 11:

Distributions of posterior median estimates of 𝜴𝒄 , the year at which
𝝎𝒄 occurs, for Africa, Asia, Latin America, and the Caribbean by
subregion

Note: No estimates of 𝛺𝑐 were available for Eastern Asia.
Country-specific values mentioned in the text and outlying values are labelled
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Figure 12:

Distributions of posterior median estimates of 𝒀𝒄 , for Africa, Asia,
Latin America, and the Caribbean by subregion

Note: Country-specific values mentioned in the text and outlying values are labelled.

Among countries where the posterior median of Ω𝑐 was earlier than or in 2020, there
is a strong suggestion that the 𝑌𝑐 and Ω𝑐 are positively and approximately linearly
associated, with Ω𝑐 occurring later, on average, than 𝑌𝑐 (Appendix A, Section 2.3). There
is little indication of an association between posterior median estimates of 𝑌𝑐 and Ω𝑐 later
than 2020. Nine out of 10 countries in this latter group are in Eastern, Middle, or Western
Africa (Appendix A, Section 2.3). However, there remains considerable uncertainty
about the timings of these countries’ contraceptive and fertility transitions as they are far
from being completed (see Table B-3, Appendix B).
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Figure 13:

Posterior estimates of 𝒀𝒄 versus 𝜴𝒄 for Africa, Asia, Latin America,
and the Caribbean

Note: Central 80% uncertainty intervals are shown by grey cross hairs. A loess smooth is overlaid to indicate the bivariate association.
The loess curve is fitted only to the medians and does not take account of the uncertainty. Reference lines at 2020 on both axes are
added.

3.3.3 Level
In order to examine the ending level of the contraceptive use transition and starting level
of the fertility transition, boxplots of the posterior medians of 𝑃𝑐 and U𝑐 for all countries
in Africa, Asia, Latin America, and the Caribbean are shown in Figures 14 and 15,
respectively. There is a wide diversity in CP asymptotes for Eastern Asia, South-Eastern
Asia, and South America. For example, Suriname (0.64, 80% UI 0.55 to 0.76), Mongolia
(0.63, 80% UI 0.56 to 0.70), and Malaysia (0.63, 80% UI 0.56 to 0.74) have very low
median asymptotes compared to China (0.83, 80% UI 0.69 to 0.88), Thailand (0.78, 80%
UI 0.68 to 0.84), and Colombia (0.78, 80% UI 0.67 to 0.86). There is much less diversity
for Africa, but this likely reflects the fact that few countries have completed their
contraceptive transitions, meaning the projected median asymptotes are based primarily
on model-based averages of asymptotes observed in other countries. Within subregions,
there is a diversity in the total fertility rate at the start of the fertility transition. Some
countries in Eastern Africa and Western Asia stand out as having particularly high
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starting levels of fertility (in Oman 8.3, in Rwanda 8.4, and in Yemen 8.8). Africa does
not appear to be different when considering the fertility levels at the start of fertility
transition and the maximum projected prevalence of contraceptive use.
Figure 14:

Distributions of posterior median estimates of 𝑷𝒄 , the asymptote level
of contraceptive prevalence, for Africa, Asia, Latin America, and the
Caribbean by subregion

Note: Country-specific values mentioned in the text and outlying values are labelled.
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Figure 15:

Distributions of posterior median estimates of 𝑼𝒄𝟒 , the total fertility
rate at the start of the fertility transition, for Africa, Asia, Latin
America, and the Caribbean by subregion

Note: Country-specific values mentioned in the text and outlying values are labelled.

4. Discussion
In sub-Saharan Africa today, contraceptive use continues to be lowest (33% among
married or in-union women) and fertility is highest (4.6 births per woman) compared to
other regions. In general, there is an inverse relationship between contraceptive use and
fertility. Countries with a high proportion of women using contraception tend to have low
fertility. But the relationship between contraception and fertility is influenced by other
proximate determinants of fertility – the effectiveness of contraceptive methods used,
incidence of abortion, length of postpartum insusceptibility due to breastfeeding and
sexual abstinence, patterns of marriage and union formation and dissolution, levels of
sexual activity, and the prevalence of infecundity in the population of reproductive age –
as well as a multitude of various social and economic factors.

122

https://www.demographic-research.org

Demographic Research: Volume 46, Article 4

We provide evidence that the speed and timing of the contraceptive use and fertility
transitions are different in sub-Saharan Africa compared with Asia, Latin America, and
the Caribbean but not in the starting level of fertility nor the projected end level of
contraceptive use. The fertility decline has been taking longer and is occurring later in
sub-Saharan Africa compared to other regions with fertility above 6 births per woman in
1950. The pace parameters in the model of fertility transition showed that TFR decline
was particularly slow in Middle Africa and Western Africa, whereas the speeds for some
countries of Eastern Africa were on a par with countries in Asia, Latin America, and the
Caribbean. The timing parameters indicated that the TFR transition would occur later in
Eastern Africa and significantly later in Middle Africa and Western Africa compared to
other regions.
However, sub-Saharan Africa did not start the fertility transition from higher levels
of fertility compared to other regions (in 1950 TFR was 6.5, compared to Northern Africa
and Western Asia’s 6.6), and this is also confirmed by the maximum TFR parameters
which indicated that sub-Saharan Africa was not distinct in this respect.
There is also evidence that the increase in contraceptive use in sub-Saharan Africa
is occurring later and, in some subregions, at a slower pace. While the pace of the
contraceptive transitions in Middle Africa, Northern Africa, and Western Africa stand
out as slow, they have also been similarly slow in countries of Central Asia, Western
Asia, and the Caribbean. Conversely, the pace of the contraceptive transitions in some
countries of Eastern Africa have been on a par with the pace of countries in Southern
Asia and South America, which were known to have experienced rapid contraceptive use
transitions.
The timing parameters of the contraceptive use model indicate that Northern Africa
and Southern Africa experienced transitions around the same time as Southern Asia,
Western Asia, and South-Eastern Asia, but the transitions in Eastern Africa, Middle
Africa, and Western Africa will occur significantly later compared to other regions. These
analyses of pace and timing highlight the diversity within sub-Saharan Africa, where
several countries show transition profiles more similar to countries in Asia, Latin
America, and the Caribbean.
We do not find evidence that projected contraceptive use asymptotes in Africa will
necessarily be lower than other regions of the world, although there is considerable
uncertainty around these parameters given that they pertain to periods far in the future in
some cases.
The diversity in contraceptive use transitions even within sub-Saharan Africa
demonstrates that while there are clear regional patterns, country-level factors such as the
enabling environment, promotion of and access to family planning services, cultural
perspectives on and community acceptability of modern methods, and other factors are
important drivers of contraceptive use. These key factors were identified in recent success
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stories of family planning programmes in several countries in sub-Saharan Africa (see
for example USAID 2012; Olson and Piller 2013; Dieudonne, Rutayisire, and Umubyeyi
2016; Ahmed et al. 2019).
While the two models are separate and independent, the results from both models
show that Middle Africa and Western Africa are distinctive in the timing and pace of the
contraceptive use and fertility transitions.
Among countries in other subregions, where the timing of the maximum increase in
the contraceptive use transition was estimated to have occurred prior to 2020, analysis of
model parameters indicated that the relationship between the timing of the two transitions
was approximately linear, with the midpoint of the contraceptive transition occurring
later. The relationship between contraception and fertility is influenced by multiple
factors, thus the midpoints of the transitions are not expected to be exactly
contemporaneous. It appears that the midpoints of the transitions in Eastern, Middle, and
Western Africa will be further apart than in other subregions, possibly due to the
importance of other factors, such as those mentioned above. Additionally, while
contraceptive use is a determinant of fertility, we note that declines in fertility may also
influence uptake in contraceptive use and speed up the increase in contraceptive use due
to preferences for smaller families as others in the community have fewer children.
There are some limitations to our analysis. For example, some countries have good
data availability capturing their transitions completely while others lack data or are yet to
complete the transition, resulting in a larger degree of uncertainty. A limitation is that we
generally focused on median values and did not always present the uncertainty in the
estimation of the model parameters. We do report posterior uncertainties, however, in
Appendix B. Furthermore, the model parameters themselves pertain only to the
systematic, or parametric, components of the contraceptive use and fertility transitions.
Both models include non-systematic correlated distortion term components that are not
included in any of the analyses done here.
Additionally, we analysed parameters for the contraceptive use model only for
married or in-union women of reproductive age while the fertility model pertained to all
women. Since women who are not married also contribute to fertility, and this is not
insignificant in some countries, this could contribute to mismatches between
contraceptive use and fertility transitions. Globally, the proportion of unmarried women
among all women using any contraceptive method increased from 11.2% in 2000 to
15.7% in 2019 (Kantorova et al. 2020). In sub-Saharan Africa, compared to other regions
at the same level of fertility, a larger proportion of overall contraceptive needs and use
has been among unmarried women. Therefore, the trends in sexual activity and
contraceptive use and needs among unmarried women might play a more important role
among proximate determinants of fertility trends in sub-Saharan Africa compared to
other regions with low sexual activity and contraceptive use among unmarried women.
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Among low fertility countries, the variation in contraceptive prevalence is large
(Figure 6). There are some examples (such as Japan) where previously higher levels of
contraceptive use are observed to decline, while fertility remains low. This potentially
suggests a reduced correlation between the two in the future.
Understanding the relationship between contraceptive use and fertility is important
because of the implications for averting unintended pregnancies, which have been shown
to be substantial in sub-Saharan Africa (Bearak et al. 2020). It is also central for
discussing the prospects of future fertility declines. In the countries with high fertility
rates, further increases in use of contraception among women wanting to avoid pregnancy
will likely contribute to declines in total fertility.
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