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Abstract
While some researchers have predicted a fertility transition in sub-Saharan Africa 
similar to that witnessed in Europe, Latin America, or Asia, where practices of fer-
tility limitation and long-term contraception have played a major role, others believe 
that it will differ. The aim of this article is to contribute to this debate, testing Cald-
well’s prediction of comparable declines in fertility in Africa at all ages through the 
adoption of modern contraceptives. We examine the cases of Dakar, Ouagadougou, 
and Nairobi, three capital cities where fertility is now relatively low (around three 
children per woman in 2010–2015), drawing on the various available data sources 
going as far back as the early 1970s. The data for these three cities confirm the 
hypothesis of a similar fertility reduction across all ages. However, Nairobi is the 
only city where contraception is the main strategy adopted by all age groups. Sexual 
non-exposure outside of the postpartum period played a key role in attaining low 
family sizes at younger and older reproductive ages in Ouagadougou and Dakar, as 
well as postpartum insusceptibility in Dakar.
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Introduction

While all other world regions have already completed their fertility transition, the 
decline in sub-Saharan Africa began only in the late 1980s. Since then, the rate of 
decrease has been slow, and the total fertility rate (TFR) remains high (5.1 in 2015) 
(Casterline, 2001; Bongaarts & Casterline, 2013; UN, 2015). The relative universal-
ity of the socioeconomic factors behind fertility decline (Kravdal, 2002; Bongaarts, 
2003; Gurmu& Macer, 2008; Shapiro & Gebreselassie, 2009; Assefa & Semahegn, 
2016) (the question of why) makes it all the more interesting to investigate varia-
tions in their mode of transmission (the question of how) in different regions and 
countries in response to the cultural, technological, and institutional characteristics 
specific to each context (Doyle, 2013; Johnson-Hanks et al., 2011; Mason, 1997).

Fertility reduction in developing regions has been mainly attributed to stop-
ping and the use of modern contraception, often long-acting methods such as IUDs 
and sterilization later in reproductive life (Grace & Sweeney, 2013; Hirschman & 
Young, 2000; Hosseni et al., 2014; Ishida et al., 2009; Jadhav & Vala-Haynes, 2018; 
Joshi et  al., 2015; Mason, 1997). However, analyzing the first signs of decline at 
the national level in Africa, Caldwell et al. (1992) argued that African fertility tran-
sitions would be different. They posited that Africa would experience a new type 
of demographic transition, marked by modern contraceptive as well, but fertility 
decline at all ages. Recently, Caldwell’s intuitions have been substantiated: John-
son-Hanks (2007), Timaeus & Moultrie (2008, 2013, 2020), Lerch & Sporenberg 
(2020), and Millogo (2020) have underscored the main role played by lengthening 
birth intervals in African fertility transitions; they highlighted the adoption of mod-
ern contraception to this effect particularly in Eastern and Southern Africa.

Despite this consensus on the role of birth spacing, Bongaarts & Casterline 
(2013) found that in Africa, older women’s contribution to the overall number of 
children was no different from elsewhere. This result seems to invalidate Cald-
well’s hypothesis of equal fertility reductions at all ages in Africa, in contrast to the 
concentrated reductions toward the end of reproductive life seen in other regions. 
Moreover, the uptake of modern contraception has perhaps been less successful 
than Caldwell anticipated, especially among younger women (Alkema et al., 2013; 
Garenne, 2017a, 2017b): African women wishing to avoid pregnancy may use other 
methods. Bongaarts (1978) identified three other proximate factors which can have 
massive effects on the level of general fertility: sexual non-exposure, induced abor-
tion, and postpartum insusceptibility. One of these factors, or all of them, may be 
additional drivers of the transition in sub-Saharan Africa at certain ages.

Contraceptives are the main driver of fertility reduction but only among women 
aged 25–34  years (Jolly & Gribble, 1993). At the entry of the reproductive life 
course, age at young women’s sexual debut, union formation, and first childbirth 
have been increasingly delayed in African countries in recent decades (Clark et al., 
2017; Mensch et al., 2006); sexual non-exposure may thus play a great role in inhib-
iting fertility at young ages as observed in North Africa (Kateb & Ouadah-Bedidi, 
2002; Zagaglia, 2013). Moreover, contrary to other regions, women in Africa appear 
to use abortion mainly at the beginning of their reproductive life (Guillaume & 
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Rossier, 2018; Shah & Åhman, 2012). At the other end of the life course, DHS data 
show that the median duration of insusceptibility remains long among women aged 
30 years and above in sub-Saharan Africa, although it has been decreasing. Moreo-
ver, a relatively large share of women in union are also sexually inactive after age 40 
(Peytrignet, 2019).

The first objective of this paper is to formally test the hypothesis of a similar fer-
tility decline at all ages. To do so, we study three African capitals. As fertility is now 
relatively low in these cities, tracing fertility over time since the 1970s will allow us 
to observe nearly complete fertility transitions. Focusing on a few cities enabled us 
to reconstitute the historic series. Our second objective is to measure the impact of 
the various proximate determinants of fertility at different ages and to identify those 
which played the greatest role over the period 1990–2010 in these three cities. We 
will test whether, as predicted by Caldwell, fertility declined at all ages similarly in 
these three cities, and this is due to the use of modern contraception at all ages.

Study Populations and Context

We will examine the cases of Dakar, the capital of Senegal; Ouagadougou, the capi-
tal of Burkina Faso; and Nairobi, the capital of Kenya. All three cities are more 
affluent than the rest of their respective countries, and all currently have relatively 
low fertility. The choice of these contexts is linked not only to the availability of 
data, but also to our familiarity with their economic and demographic situations. 
In 2013, Dakar had 3 million inhabitants lived in urban areas (ANSD, 2014), and 
fertility in the city was 3.0 children per woman in 2015–17 (ANSD and MI Inc. 
2018). Ouagadougou (the capital of Burkina Faso) had 2 million inhabitants in 
2012, (according to the 2012 Population enumeration of Ouagadougou and Bobo 
Dioulasso), and fertility was 3.4 children per woman in 2008–10 (INSD and MI Inc. 
1994, 2012). The last of the three cities in the study, Nairobi (capital of Kenya), had 
3 million inhabitants in 2009 (KNBS, 2010a, 2010b), with a mean of 2.7 children 
per woman in 2012–14 (KNBS and MI Inc., 2010, 2015).

We choose these three capitals because their situations are quite diverse. Kenya 
and Senegal have an economic advantage over Burkina Faso: the three countries’ 
GDP per capita in 2017 was 1595, 1329, and 642 USD, respectively (World Bank, 
2019). In terms of schooling, the populations of francophone African countries 
remain among the least educated in the world. In contrast, in 1980, primary school 
enrollment in Kenya was close to 100% (Omwami & Omwami, 2010).

Furthermore, the first private family planning clinics were established in Kenya 
(Nairobi and Mombasa) in 1952 (Fendall & Gill, 1970). By the early 1980s, the 
country had achieved some success in introducing family planning practices: the 
country’s first population policy had been adopted in 1969 (Population Council, 
1969; National Research Council, 1993). After the 1994 Cairo conference, Kenya 
established a sexual and reproductive health strategy to combat HIV-AIDS, and in 
2003, it adopted a sexual health policy for teenage girls (Oranje & Zulu, 2015). The 
prevalence of modern contraception among women in union in Nairobi grew from 
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46.8% in 1998 to 49.0% in 2008 and 58.3% in 2014, with a mean of 2.7 children per 
woman in 2012–14 (KNBS and MI Inc., 2010, 2015).

In Burkina Faso, despite the promotion of birth spacing and the fight against 
the exclusion of students who became pregnant in schools were started in 1979 by 
the NGO ABBF,1 population policies got off to a much later and slower start. The 
National Population Council, tasked with conceiving and proposing a population 
policy, was set up in 1983. The first family planning policy was adopted in 1986, but 
due to a lack of resources and the low priority given to the issue, these efforts bore 
little fruit (Conseil National de Population 2000). Notable progress was observed 
only in the 2010 decade, after the Ouagadougou Conference in 2011 re-positioning 
of contraception. The prevalence of modern contraception among women in union 
in Ouagadougou grew from 19.9% in 1993 to 32.6% in 2010.

In Senegal, in 1970, family planning was first offered in the private Clinic “Cli-
nique Croix Bleue” but the national family planning program was created in 1990, 
even later than in Burkina Faso (Senegalese Ministry of Health and Social Action 
1990, cited by Diallo, 2014; Petit & O’Deye, 2001). Family planning in Senegal 
nonetheless received new impetus at the same time and in the same context as in 
Burkina Faso. In 1992–93, contraceptive prevalence was 11.8% among city-dwell-
ing women in union in Senegal; in Dakar, it was estimated at 21.4% in 2010–11 and 
at 42.3% in 2017 (ANSD and MI Inc., 1994, 2012, 2018).

Data and Sample

The data used to answer the research questions are drawn from the Demographic and 
Health Surveys (DHS), along with complementary data from population censuses and 
from a demographic surveillance site. The DHS surveys began in 1984 in Kenya, in 
1986 in Senegal, and in 1993 in Burkina Faso. The most recent DHS was carried out 
in 2017 in Senegal (DHS Continuous), in 2014 in Kenya, and in 2010 in Burkina Faso. 
In order to extend the series for Burkina Faso over the recent period, notably for the 
first research question, we used data from the Ouagadougou Health and Demographic 
Surveillance site2 (Ouaga HDSS3) (Rossier et al., 2012). The HDSS is located in north-
ern Ouagadougou and is not representative of the entire city, but fertility measured in 
2009–10 (a total fertility rate-TFR of 3.1) and contraceptive prevalence were close to 
the levels observed by the DHS in Ouagadougou as a whole. To extend the series fur-
ther into the past, for Dakar we use Senegal 1970–71 National Demographic Survey 
(EDN) (Ferry, 1976) and the 1978 Senegal Fertility Survey. For Ouagadougou, we use 
Burkina Faso 1976 post-census survey and Burkina Faso 1985 census (INSD, 1984 
and 1989). For Nairobi, the Kenya 1979 census (CBS 1996) and the 1977–78 Kenyan 

1  http://​coura​ntsde​femmes.​free.​fr/​Assoc​es/​Burki​na/​ABBF/​abbf.​html.
2  Demographic and health surveillance sites track the population of a geographically defined area (a col-
lection of villages, a city) over a relatively long period, collecting vital statistics (births, deaths, mar-
riages, migration, etc.) through multi-round surveys.
3  http://​www.​issp.​bf/​index.​php/​reche​rche/​obser​vatoi​re-​de-​popul​ation-​de-​ouaga​dougou.

http://courantsdefemmes.free.fr/Assoces/Burkina/ABBF/abbf.html.
http://www.issp.bf/index.php/recherche/observatoire-de-population-de-ouagadougou.
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Fertility Survey (KFS) (Cross et al., 1991) provide past data series for the first research 
question.

Before estimating the factors that contributed to fertility reduction by age over the 
period 1990–2010, the size of the different samples must be established (Table 1). That 
table presents the sub-samples of weighted Age-specific fertility rates and births from 
the two DHS surveys carried out in the early 1990s and the late 2000s in the three cit-
ies. The Nairobi samples are the smallest (in 1993, the three oldest age groups had to be 
combined to calculate the duration of insusceptibility). The total sample sizes are large 
enough to calculate all the aggregate indices for women aged 15–49 years.

Methods

Age‑Specific Fertility

Using the DHS data, we calculated age-specific fertility rates by dividing the number of 
live births in the last five years by exposure in 5-year age groups (Schoumaker, 2013). 
Confidence intervals are calculated directly in DHS and WFS data, by stata fr2 com-
mand (Ibid.) or by using normal approximation of the binomial if total births in each 
age group is 100 or more else Poisson approximation (Taylor & Morrell, 2015). The 
mean rates were estimated over five-year periods in order to remedy the problem of 
the small sample sizes in the DHS data which could potentially lead to an underestima-
tion of TFR. Due to a severe underestimation of births, the directly estimated TFRs 
between the late 1990s and the early 2000s were re-calculated by reconstructing them 
on the basis of the (following) DHS of the late 2000s (Schoumaker, 2009). Recent 
rates in Ouagadougou were estimated using data from the Ouaga HDSS but for 1970s 
and 1980s, TFR was indirectly estimated by Gompertz relational model. The fertility 
rates for the 1970s in Nairobi were drawn from the 1979 census, which clearly under-
estimated fertility in the city: the TFR calculated from the Kenya Fertility Survey in 
1975–78 was 6.1, whereas the census-based rate calculated for the period 1969–1979 
was only 4.9. But assuming that the underestimation of births in the census was ran-
domly distributed across ages, this should not affect results on the regularity of fertility 
reduction.

Contributions of Different Age Groups to the Mean Number of Children

To answer our first question on the contributions of the different age groups to fertil-
ity reduction, we adapted the method of Bongaarts & Casterline (2013). This entails 
calculating the contribution to the TFR of each age group in successive surveys, and 
dividing it by that of a reference year, using the following equation:
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where Tj

xi
 is the fertility rate of age group x in year i and city j; i = 0 indicates the 

reference year, and TFRj

i
—the total fertility rate. The value of α is 1 in a situation 

where all the curves are exactly proportional. We consider the open interval 0.5–2.0 
as a good approximation of proportionality to deal with the fluctuations in the sam-
ples; outside this interval the ratio of rates is more than double or less than half. In 
addition, a statistical test of proportionality ratios was calculated in each city on a 
matrix whose lines are the age groups, whose columns are years and whose values 
are derived from Eq. (1).

Stover’s Model

Estimation of Stover’s Model

The second part of the paper measures the impact of proximate determinants on fer-
tility at different ages in the early 1990s and the late 2000s. These analyses were per-
formed using Stover’s (1998) model, with five component indices: sexual exposure, 
postpartum insusceptibility, contraception, abortion, and infertility. The model uses 
total potential fertility (Pf) and multiplies it by the above indices in order to obtain 
the mean number of children. We chose this model over that of Bongaarts (2015) 
because we believe it deals better with the question of exposure to pregnancy.4

Stover’s model is a multiplicative model which uses five proximate deter-
minants, whose fertility-inhibiting effects are estimated by the five indi-
ces defined below. The number of children per woman is estimated as (6) 
T̂FR = Cx × Cf × Ca × Ci × Cu × Pf  . This model, like that of Bongaarts, can be 
applied to specific age ranges. In this case, sexual activity (Cx), infertility (Cf), and 
contraceptive use (Cu) are identical to those in the aggregate model. The equation 
for age-specific postpartum insusceptibility (Ci) is also identical to the aggregate 
equation, but age-specific values are used for the mean duration of insusceptibility; 
the same applies to age-specific values for potential fertility (Stover, 1998). Until 
now, the model version with age-specific parameters has rarely been used, notably 
because relatively large sample sizes are needed (Casterline et al., 1984; Singh et al., 
1985).

(1)

(

T
j

xi

TFR
j

i

)

(

T
j

x0

TFR
j

0

) = �.

4  Bongaarts (2015) suggests continuing to work with all women in union, adding those who are not mar-
ried but who have recently been sexually active or who use contraceptives. This modification does not 
allow sexual inactivity within union outside of postpartum periods to be taken into account: according to 
Peytrignet (2019), around 15% of women in union in sub-Saharan Africa are sexually inactive outside the 
postpartum period (a proportion constant over time).



2122	 R. Millogo, C. Rossier 

1 3

Sexual Exposure Index (Cx)

The sexual exposure index expresses the fertility reduction attributable to the fact 
that women (whether married or not) are not always sexually active. The idea is to 
measure the fertility-inhibiting effect of sexual inactivity through the proportion of 
women who have recently had sexual relations, adding those who have recently been 
pregnant. Among the latter, recent (or less recent) sexual activity (through preg-
nancy or postpartum abstinence) evidently does not influence the probability of hav-
ing recently been pregnant. The same issue has been raised about the marital fertility 
of subgroups of Iranian married women who are sexually inactive due to the sea-
sonal migration of their husbands or some married couple who do not live together 
due to socioeconomic or cultural reasons (Erfani & McQuillan, 2008). A woman 
(among those who are not pregnant nor postpartum abstinent) is sexually active if 
she has had sexual relations at least once in the last month (here, the last 30 days). 
The idea behind this index is to offset the overestimation of sexual activity produced 
by Bongaarts’s (1978) marriage index. Cx = p is the proportion of women of repro-
ductive age who are sexually active (or were recently became pregnant or postpar-
tum abstinent); when commenting on this index, we use the term "sexual exposure".

Postpartum Insusceptibility Index (Ci)

This index measures the fertility-inhibiting effects of postpartum abstinence and 
amenorrhea. It is expressed, for women aged 15–49 years, by (2) Ci = 20∕(18.5 + i) 
where i is the mean duration of postpartum insusceptibility in months, calcu-
lated using a lifetime method on women who have had live births within the last 
36 months (Rutstein and Rojas, 2006). Stover (1998) defines the values and parame-
ters in (2) in the same way as in the age-specific version (2b) Ci = BI∕(BI − 1.5 + i) . 
BI is the mean interval between two births in the absence of breastfeeding, con-
traception, and postpartum abstinence. When the weighted sample for a given age 
group of women is small, it is combined with an adjacent group to obtain a weighted 
sample of at least 30 individuals. We combined groups for this reason mainly in the 
case of Nairobi, merging two to three age groups to estimate the mean duration of 
postpartum insusceptibility, a component of the corresponding index.

Contraception Index (Cu)

This index measures the number of children avoided through the use of contracep-
tion other than sterilization (which is uncommon in Africa). It is expressed as (3) 
Cu = 1 − u × e , where u is the proportion of sexually active, fertile women who are 
not amenorrheic (or postpartum abstinent) and who are using contraceptives. In the 
present article, we take the same approach as Stover, excluding only women who 
use contraceptives and are amenorrheic during the first 5 months after childbirth.5 In 

5  In the contraception index, Stover only excludes overlap between amenorrhea (but not postpartum 
abstinence) and contraceptive use, but Bongaarts (2015), accepting Stover’s proposal, excludes overlap 
with both amenorrhea and abstinence. We believe that the latter choice is debatable: use of contracep-
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(3), e represents the efficacy of the method used; the values used are those given by 
Bongaarts (1992).

Infecundity/Sterility Index (Cf) and Abortion Index (Ca)

The infecundity/sterility index is expressed by (4) Cf = 1–f, where f represents the 
proportion of women who are sexually active but infertile. The abortion index is 
calculated as Ca = TFR∕(TFR + 0.4 × (1 + u × e) × TAR) where u is contraceptive 
prevalence, e is contraceptive efficacy, and TAR​ is the abortion rate. The abortion 
index is not calculated here due to the lack of (sufficiently robust) data by age for 
African contexts, and the infecundity/sterility index, which has contributed only 
marginally to fertility reduction in the contexts studied here, will be discussed only 
briefly.

Potential Fertility (Pf)

Potential fertility (Pf) is the total number of births that a woman can have in the 
absence of all limiting factors (including intrauterine mortality). Stover estimates a 
figure of 21 births per woman. Given that almost all the factors with the potential to 
reduce the number of children are taken into account through the different indices, 
we use Stover’s estimate. Bongaarts, in his model, uses the total fecundity rate (TF), 
which he estimated at 15.3 children per woman on the basis of historical popula-
tions; this value takes into account intrauterine mortality.

All of the calculated indices were weighted, and the Stata software package was 
used to analyze the data.

Results

Did the Fertility Reduction Observed in Dakar, Ouagadougou, and Nairobi Result 
from Equivalent Reductions in Fertility at All Ages?

Fertility decreased in different ways over time in the three capitals, Dakar (Sen-
egal), Ouagadougou (Burkina Faso), and Nairobi (Kenya), beginning earlier in 
Nairobi, and later in Dakar and Ouagadougou. In the 1970s, the TFR in the three 
cities was above 6.0; by 1988–92, it had fallen to 5.0 in Dakar, and to 4.7 in 
Ouagadougou, but had already dropped to 3.4 in Nairobi (Fig. 1). The pre-tran-
sition increase in Dakar has often been observed elsewhere (Pison et al., 1995). 
In the early 1990s, the fertility levels in Dakar and Ouagadougou were similar 
to those of Nairobi (estimated at 4.5) in 1984–88. While fertility in Nairobi fell 

tives by a “postpartum abstinent” woman suggests that she may be exposed to a risk of sexual relations, 
and thus of closely spaced pregnancies.

Footnote 5 (continued)



2124	 R. Millogo, C. Rossier 

1 3

below three children per woman in the early 2000s, this only happened in 2014 
in Ouagadougou, when, according to HDSS Ouaga data, the TFR fell to 2.9. The 
TFR in Dakar is still above 3.0 (3.3 for the period 2010–15 as estimated from 

2

3

4

5

6

7

8

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Dakar Ouagadougou Nairobi

Fig. 1   Trend in total fertility rates in Dakar, Nairobi, and Ouagadougou. Source: DHS for Senegal, 
Kenya and Burkina Faso, EDN 1970–71, WFS for Senegal and Kenya, Burkina Faso post-census survey 
1976 and census 1985, Ouaga DHSS; own calculations
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Fig. 2   Trends in age-specific fertility in Dakar, Ouagadougou, and Nairobi over the last 40 years. Source: 
DHS for Senegal, Kenya and Burkina Faso, EDN, KFS, Burkina Post-census survey 1976, Ouaga DHSS; 
own calculations
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the continuous DHS). Fertility in Nairobi seems to have increased slightly in the 
early 2010s. There was virtually no underestimation of births (verified by our cal-
culations) five years earlier, so this stagnation can be considered as real (Bon-
gaarts & Casterline, 2013; Casterline, 2001; Schoumaker, 2009, 2019).

Fertility before age 20 was higher in Nairobi than in Ouagadougou and Dakar 
over the whole period but in 1970s, there is not difference across cities (crossing 
of confident intervals) (Fig. 2 and Appendix Table 3): due to small sample sizes, 
confidence intervals for Nairobi are large. However, as fertility decreased more 
quickly among adolescents in Nairobi than in the two other cities, the gap nar-
rowed over time. Between the mid-1980s and the 2010s, fertility fell most sharply 
among women aged 20–24 in Ouagadougou and Nairobi, and those aged 30–34 
in Dakar. The number of children per 1000 women aged 20–24 years fell by 60 
and 90 in Ouagadougou and Nairobi, respectively, and by around 80 per 1000 
among women aged 30–34 years in Dakar. With respect to the 1970s, while the 
age group with the fastest fertility reduction has remained the same in Ouagadou-
gou and Nairobi (with Kenya 1979 population census), it has shifted from women 
aged 30–34 to those aged 25–29 in Dakar and Nairobi when we refer to KFS.

These data on age-specific fertility reduction confirm the absence of a large 
drop at more advanced ages (crossing of confidence intervals since mid-1980s 
in Dakar and Ouagadougou and mid-1970s in Nairobi), the principal character-
istic of fertility reduction in historical Europe, Asia, and Latin America. Birth 
stopping nonetheless seems to have played a more important role in Nairobi than 
in the two other cities, with a larger decline in fertility rates after age 30. But 
at the end of fertile life, as expected, the level of fertility is similar in all three 
cities. Generally speaking, the curves of fertility by period seem to have shifted 
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downwards quite evenly. Does this mean that the contributions of women of each 
age to general fertility have remained the same over time?

We checked the constancy of the contributions of different age groups to fertil-
ity using Eq. (1) presented in the Methods section above. As previously mentioned, 
ratios close to 1.0 would confirm Caldwell et al.’s (1992) hypothesis (Bongaarts & 
Casterline, 2013). The ratios were between 0.62 and 1.25 in Dakar, and between 
0.55 and 1.29 in Ouagadougou; in both contexts, they were highly concentrated 
between 0.9 and 1.1 (Fig. 3). In Nairobi, however, in both the early and late 1990s, 
the ratio was very different from 1.0 at ages 40–44 (Fig. 3). One of these two val-
ues was below 0.5 in the early 1990s (the contribution seems to have decreased by 
half in the late 1990s with respect to 1984–1988), and the other above 2.0 in the 
late 1990s (the contribution seems to have doubled in the late 1990s with respect to 
1984–1988). But these seem to be age-linked errors, as the situation later returned 
to more moderate levels. This hypothesis is more visible in 1988–1993, when the 
shift in the ratio beyond the upper end of the range for women aged 40–44 seems to 
have led to the opposite shift for women aged 35–39. Assuming this is correct, we 
may thus conclude that fertility reductions were of equal amplitude across ages in 
these three relatively lower-fertility African contexts. In addition, with a probability 
close to 1 in Dakar and Ouagadougou and of 0.99 in Nairobi, the chi2 test on equal 
proportions for age groups confirms that the decline is of equal magnitude at each 
age. These data thus confirm Caldwell’s hypothesis of equivalent fertility reductions 
in Africa at all ages, rather than a pattern mainly reflecting family size limitation 
(with the largest reductions at advanced ages), for these three capital cities, as can be 
expected from the diffusion on long births intervals observed in the region (Timaeus 
& Moultrie, 2008, 2013, 2020, Lerch & Spoorenberg, 2020; Millogo, 2020).

Low Fertility in the Three Capitals: The Impact of Proximate Determinants, 
1990–2010

Was the spread of contraception responsible for the fertility reductions observed at 
different ages in these three capital cities? In other words, is contraception the main 
contributor to fertility inhibition (all ages combined), and to the same extent at each 
age? This part of the analysis is limited to the timespan for which data are avail-
able for the three capitals, i.e., the two decades between the early 1990s and the late 
2000s, a period when the TFR decreased from 5.0 to 3.6 in Dakar, from 4.7 to 3.3 in 
Ouagadougou, and from 3.4 to 2.8 in Nairobi.

We began by estimating the number of children avoided due to each proximate 
determinant in each of the three capitals in two different periods (early 1990s and 
late 2000s). Note that the effect of abortion, which is also an important factor, is 
not measured here due to the lack of reliable data (we will get back to the ques-
tion of its impact in the discussion). In Stover’s model, estimation of overall TFR 
(15–49  years) takes priority over estimation by age group (before summation), in 
order to avoid overestimation due to the smaller numbers mentioned above. The esti-
mation of the model for each period yields a difference of one child at most with 
respect to the TFR calculated for the 3 years preceding the survey. In the late 2000s, 
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the gap between the estimated and measured TFR was + 0.3 for Dakar and Ouaga-
dougou, and + 0.9 for Nairobi (Table 2). In the early 1990s, the difference was –0.8 
for Dakar, –0.4 for Ouagadougou, and + 1.0 for Nairobi. Overall, the model esti-
mated constant fertility between 1990 and 2010 in the three capitals, which fails to 
reflect the observed reductions. However, as the differences between observed and 
estimated TFRs remain modest, Stover’s model offers workable approximation of 
the contribution of each proximate factor for the period taken as a whole. To test 
whether contraception is the main fertility-inhibiting factor at all ages, we neverthe-
less focus on the 2010 period only.

The same calculation (Table  2) indicates that the factors avoiding at least two 
children per woman in Dakar in 2010–11 were sexual non-exposure (4.5 children 
avoided), followed by postpartum insusceptibility (2.1), and last, contraception (1.8). 
For 1992–93, the order of these factors in Dakar was the same, the corresponding 
figures being 3.9, 2.2, and 2.0 children avoided. In Ouagadougou in 2010, sexual 
non-exposure reduced TFR by 3.0, contraception by 2.8, and postpartum insuscepti-
bility by 2.0. In 1993, insusceptibility was the most important factor (3.1), followed 
by contraception (2.8) and then sexual inactivity (2.4). In 2008–09 in Nairobi, the 
factors that decreased fertility by at least 2.0 children were contraception (4.1) and 
sexual inactivity (3.0). These two factors were also the most important in 1993, with 
associated reductions in the TFR of 4.5. (this number is slightly lower in 2008–2009 
although the prevalence of contraception increased because the model estimates a 
"constant" fertility, and because sexual inactivity increased faster than contracep-
tion) and 2.5, respectively.

This first analysis of the number of children avoided in 1990–2010 in the three 
cities for all age groups combined shows that sexual non-exposure played a very 
important role in Dakar and an important role in the two other cities; that postpar-
tum insusceptibility played a moderate role in Ouagadougou and a moderate, but 
slightly smaller role in Dakar; and finally, that contraception played an important 
role in fertility reduction in Nairobi, a moderate role in Ouagadougou, and a moder-
ate, but smaller role in Dakar.

The Effect of Proximate Determinants by Age in the Three Capitals in the Late 
2000s

This raises the question of how the effects of proximate factors are distributed across 
different ages. Is the effect of sexual non-exposure limited to younger women, and 
does it primarily represent non-exposure to marriage, which occurs relatively late? 
Individuals of which age groups have adopted contraception? Are all ages equally 
affected by postpartum insusceptibility? Here, we examine the situation in the late 
2000s.

Sexual Exposure Index

Figure 4 indicates the proportions of women who were sexually active (includ-
ing women who were pregnant or postpartum abstinent, because they had been 
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recently active) in the three cities in the late 2000s, by age. As seen above for 
the number of children avoided for all ages combined, this index was lower (i.e., 
the effect was stronger) for Dakar in the late 2000s in comparison with the other 
two cities. In this period, its value was 0.45 for Dakar and 0.54 for Ouagadougou 
and Nairobi, i.e., the proportion of women aged 15–49 who were sexually inac-
tive (and who were neither pregnant nor postpartum abstinent) in these cities 
was 55% and 46%, respectively. Looking at the figures by age group in the late 
2000s, sexual inactivity was greatest before age 25 in all three cases, followed 
by women aged 40 and above in Dakar and Ouagadougou, and those aged 45 and 
above in Nairobi.
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Fig. 4   Proportion of sexually active women (or who were pregnant or postpartum abstinent) by age in 
Dakar, Ouagadougou, and Nairobi, early 1990s and late 2000s. Source: DHS for Senegal, Kenya, and 
Burkina Faso; own calculations
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Postpartum Insusceptibility Index

Figure 5 shows the effect of postpartum insusceptibility on age-specific fertility in 
the late 2000s in Dakar, Ouagadougou, and Nairobi. As seen with the number of 
children avoided, the strongest effect of this factor (and thus the lowest index) in 
the late 2000s was observed in Dakar and Ouagadougou. The protection offered by 
insusceptibility was quite evenly distributed across ages in Ouagadougou, while in 
Dakar and Nairobi, this factor was most protective at early and intermediate ages 
(before age 35 or 40, depending on the case).

Contraception Index

Regardless of age, the effect of this index was substantially larger (i.e., it had a lower 
value) in Nairobi, followed by Ouagadougou, and finally Dakar. Its value in the late 
2000s was estimated at 0.46, 0.55, and 0.68 for the three cities, respectively. In Oua-
gadougou and Nairobi, the effect of contraception on fertility was practically the 
same at all ages, with the exception of women aged 30–34 in Ouagadougou, where 
it was largest. In Dakar, the effect was largest among women of intermediate ages, 
between 25 and 40 years.

A comparison of the negative effect of these factors on age-specific fertility 
shows that in Dakar in 2010–11 the most important factor for all ages (combined 
or separate) was sexual inactivity (Figs.  4, 5, 6). Below this factor, postpartum 
insusceptibility and contraception had comparable effects at all ages, except among 
women aged 30–44, among whom contraception was the most important factor after 
abstinence. In Ouagadougou in 2010, the principal factor for women aged 15–24 
was sexual inactivity, followed by contraception. The main factor among women 
aged 25–49 years in this city was contraceptive use; the two other factors had sim-
ilar effects at other ages, with the exception of postpartum insusceptibility which 
was the second most important factor at ages 35–39, and sexual inactivity from age 
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40 onward. In Nairobi, in 2008–09, before age 20, sexual inactivity was the most 
important factor, followed by contraception; at ages 20–24 years, contraception and 
sexual inactivity had the same effect; and after age 25, contraception was the most 
important factor, followed by sexual inactivity. In the late 2000s, postpartum absti-
nence and amenorrhea still represented the second most important strategy for regu-
lating fertility at certain ages in Dakar (among women below 30) and in Ouagadou-
gou (at ages 35–39), whereas in Nairobi, it was the last resort.

In sum, this second part reveals different situations in the three cities in the late 
2000s. Notably, in Dakar and Ouagadougou, contraception played only a limited 
role at certain ages; Nairobi is the only city that confirmed the hypothesis of the 
leading role of contraception in fertility avoidance (first for all ages combined, sec-
ond at each age). In Nairobi, contraception was the main fertility inhibitor; its effect 
was the same at all ages, and in comparison to other strategies its effect was the 
largest at all ages, except among women in the earliest phase of sexual activity (aged 
15–19  years), for whom the principal factor was abstinence or infrequent sexual 
relations. In Ouagadougou, the most important strategies were contraception and 
infrequent sexual relations, with similar effects. Comparing ages, the effect of con-
traception was largest at ages 30–34, but identical and lower at other ages; compar-
ing strategies, it was the most often used at ages 25–49. Infrequent sexual relations 
had a greater effect among women under 25. In Dakar, infrequent sexual relations 
contributed the most to avoiding fertility. Contraception was practically the lowest-
ranked strategy; only among women aged 30–44 years did it rank second, ahead of 
insusceptibility.

Discussion

We have shown that the contributions of women in different 5-year age groups to the 
total fertility rate remained constant over more than 3 decades of decreasing fertility 
in three African capital cities (Dakar, Ouagadougou, and Nairobi). It remains to be 
determined whether other large African cities have followed the same pattern. This 
result, if it were to prove general, would offer strong indications of future trends on 
the continent as a whole. Cities, where populations are more educated and more 
affluent than in rural areas, are precursors on the path of demographic transition 
(Coale, 1974; Oris, 1995) in Africa and elsewhere. In historical Europe, decreasing 
fertility in rural areas followed the trend initiated in the cities (Oris, 1988; Perre-
noud, 1989; Beauvalet-Boutouyrie, 1990).

In a test of Caldwell’s hypothesis with two age categories (below 30 and 30 or 
above), Bongaarts & Casterline (2013) failed to find any difference between Latin 
America, Asia, and sub-Saharan Africa in patterns of fertility reduction by age. 
What might explain the discrepancy between their findings and ours? One hypoth-
esis is that this division into two age groups may have obscured the patterns of dis-
parities revealed by the finer-grained division into seven age groups used in the pre-
sent study; the figure in Appendix Table 4 shows that division into two age classes 
has the effect of bringing all indices closer to 1.0 (values between 0.8 and 1.3, with 
a concentration around 1.0). Alternatively, our results may mean that Bongaarts & 
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Casterline’s, 2013 article showed that fertility reductions in Latin America and Asia 
were also distributed across all age groups, contrary to the consensus in the litera-
ture that long prevailed. In line with this suggestion, Casterline & Odden (2016) and 
Timaeus & Moultrie (2020) showed that longer birth spacing seems to have played a 
pronounced role in reducing fertility in Asia and Latin America, as in Africa. How-
ever, verifying this point is beyond the scope of the present study.

We also examined whether the low fertility levels attained in these cities around 
2010 could be attributed to modern contraceptive uptake at all ages. Our results 
show that the situation is not only highly diverse, but that fertility seems to have 
declined in certain cities and at certain ages with little contribution from contracep-
tive use. In 2010, the avoidance of births in Dakar still followed a traditional pattern: 
even in a nearly low fertility regime, the most important fertility inhibitor was sex-
ual non-exposure (low frequency of sexual relations) at all ages, followed by post-
partum insusceptibility. In Ouagadougou in 2010, the factors with the largest (and 
equal) negative impact on fertility were sexual inactivity (most prevalent among the 
youngest women, but also the oldest) and contraception (practiced mainly by women 
at ages 30–34, and less, but equally, at all other ages). Postpartum insusceptibility 
(equally prevalent at all ages) played a moderate role. In Nairobi in 2008–09, con-
traception (practiced “equally” at all ages) and sexual non-exposure (greater at ages 
15–24) were the strongest fertility inhibitors.

The possible role of sexual inactivity in fertility reduction in the three cities is 
easily understood in light of the shift toward later entry into union for young women. 
In all African contexts, the frequency of sexual activity has decreased considerably 
among girls and young women, a trend closely linked to union postponement (Clark 
et  al., 2017; Delaunay & Guillaume, 2007). This trend is explained not only by 
increasing levels of education and duration of schooling, but also by men’s greater 
reluctance to marry, as revealed in Senegal by Antoine (2006). It seems that grow-
ing unemployment and men’s increasingly late labor market entry have led to ten-
sion on the marriage market for women. Given the strong stigma attached to sexu-
ality outside marriage in Senegal (and to a lesser extent also in Ouagadougou and 
Nairobi) levels of abstinence are high among girls and young women (Bajos et al., 
2013; Diallo, 2014).

The prevalence of sexual inactivity is also high at intermediate and advanced 
ages in Dakar and Ouagadougou, however. One explanation relates to divorce, 
which is frequent in Dakar. While one in three unions among the 1942–56 female 
birth cohorts ended in divorce, the estimated rate had increased to one in two for the 
cohorts born in 1967–76 (Antoine, 2006). While divorce is less common in Oua-
gadougou (one in 10 unions ends in divorce within 20 years in Ouagadougou and 
Bobo Dioulasso, the two largest cities in Burkina Faso) than in Dakar, it has also 
been increasing across birth cohorts (Thiombiano & LeGrand, 2014). Divorce apart, 
the volume of male migration largely explains the high prevalence of sexual inactiv-
ity within marriage in the region, and its frequency at intermediate ages (Peytrignet, 
2019). Moreover, Peytrignet (2019) recently showed that among cohabiting couples, 
half of the remaining sexually inactive (outside periods of pregnancy/postpartum 
abstinence) are at ages 40 and above. These older women have likely long mar-
riage durations and are passed the family formation phase. Regarding postpartum 
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insusceptibility, its continuing importance in Dakar and Ouagadougou can be 
explained by the various efforts by the authorities and NGOs to encourage breast-
feeding to ensure high-quality infant nutrition (Garenne, 2018).

In Nairobi, Wamukoya  et al. (2016)—who used an adapted Stover model that 
was slightly different from ours—also showed that contraception and sexual non-
exposure are the main drivers of fertility avoidance. While divorce rates in Kenya 
are comparable to those in Burkina Faso (Clark & Brauner-Otto, 2015), delayed 
entry into union is more marked in the former. In Nairobi, in the mid-2000s, 61% of 
women aged 25–34 were married for the first time before age 25, versus 70% among 
women aged 45–54—a decrease of nearly 10% between these two cohorts (Bocquier 
& Khasakhala, 2009). The relatively greater role of contraception in Nairobi in com-
parison to the other two cities can be attributed to the history of the population pro-
gram in the country, as described in the introduction.

It is important, despite the possible underestimation of abortion cases, to discuss 
the order of magnitude of their effect in contexts where the information is available. 
Indeed, Rossier et al (2006) and Mohamed et al (2015) estimated in Ouagadougou 
(in 2001) and Nairobi (in 2012 in a higher abortion scenario) abortion rates of 40 
and 41 per 1000 for women of 15–49, respectively. The highest rates by age are 60 
per 1000 for 15–19 year olds in Ouagadougou and 79 per 1000 in Kenya (not Nai-
robi). Based on the estimated fertility during these periods, the reducing effect of 
abortion (abortion index) can be estimated at 0.99 (1% reduction effect on fertility) 
in both cities for women aged 15–49: it is not significant for women taken together. 
However, it would be important for adolescents where it is estimated abortion index 
at 0.89 (11% reduction effect) for 15–19-year-olds in Ouagadougou and 0.77 (23% 
reduction effect) for 20–24 year olds in Kenya.

Fertility has indeed decreased more quickly in Nairobi than in the other cities, 
in conjunction with the rapid spread of modern contraception. Between 1978 and 
1998, fertility fell by 0.15 per year on average, compared with an average decrease 
in of 0.08 in Ouagadougou and 0.07 in Dakar between 1993 and 2014. But as fertil-
ity stalled in Nairobi from 1998, while continuing to decline in the other two cities 
at half the speed witnessed in Nairobi, all three cities are now at about the same 
fertility level. Recent expansion of contraceptive use in Dakar and Ouagadougou 
may bring the two cities closer to the model of Nairobi in the coming years, with 
a decreasing role for traditional fertility-reducing factors. However, the non-use of 
contraception when breastfeeding, when avoiding sexual activity before marriage, 
when the husband is away, or after two decades of marriage, i.e., the practices 
underlying the traditional factors of fertility reduction, could well persist, even in the 
presence of vigorous family planning programs. Future progress in the diffusion of 
modern contraception will doubtless depend upon the large-scale adoption of long-
acting methods.

To summarize, in the case of Nairobi, the data seem to confirm Caldwell et al.’s 
(1992) idea that fertility reduction would be associated with the spread of contracep-
tive use at all ages. In Ouagadougou, in 2010, however, the effect of contraceptive 
use on fertility at different ages was no greater than that of sexual inactivity, and 
in Dakar, it was smaller. The pattern in the two other cities thus does not confirm 
Caldwell et al.’s (1992) second hypothesis, although fertility has fallen to nearly the 
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same levels as in Nairobi. These authors neglected the traditional drivers of fertility 
reduction, which, as we have seen, persisted at all ages in Ouagadougou, and to an 
even greater extent in Dakar (in addition to modern contraception).

The main limitations of this study are methodological. Firstly, the underestima-
tion of fertility (poor data quality) has conducted to the use indirect methods, in 
particular the Gompertz method, to re-estimate the level of fertility. In addition, the 
Stover’s model adapted to this study requires a large sample size to use the version 
applicable to age groups. This, for example, necessitated age-grouping to compute 
average duration of postpartum insusceptibility.

Appendix

(See Figs. 7 and 8, Tables 3 and 4).
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Fig. 7   Infertility index by age in Dakar in Dakar, Ouagadougou, and Nairobi, late 2000s. Source: DHS 
for Senegal, Kenya, and Burkina Faso; own calculations
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