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Abstract

The study presents an analysis of infertility fréxfrican censuses available in the
IPUMS-international data base. Infertility (childimess) was defined as no live birth at the
end of the reproductive period. Six countries wdtthleast three censuses were selected:
Kenya, Malawi, South Africa, Zambia, Mali and BurkiFaso. In the last three countries,
data were found to be inconsistent, and therefs@adled. The proportion of infertile women
born between 1940 and 1960 ranged from 3.8% in &eBy9% in Malawi to 7.3% in South
Africa. In all three countries infertility was d@uhg for cohorts born between 1900 and
1950. In South Africa, prevalence of infertility svaising significantly for cohorts born
between 1950 and 1970. Comparison with DHS sureeyslucted in the same countries
showed lower value of terminal infertility for treame cohorts. Reasons for discrepancies
between census and survey data are further explored

Key Words: Infertility; Childlessness; Census, DHS survayh-Saharan Africa; IPUMS-
international



I ntroduction

Infertility is a worldwide public health problenindt has attracted the attention of
demographers, physicians, gynecologists, activistd international organizations. Sub-
Saharan Africa seems to be the continent the nffestted by infertility, although proper data
are lacking for precise comparisons with other icamits. [Boivin et al. 2007; Cates et al.
1985; Healy et al. 1994; Leke et al. 1993 ; Masdaas et al. 2012 ; Sciarra 1994]

The concept of infertility covers two different stions: primary infertility (no live
birth at all), and secondary infertility (inabilitp conceive after having had at least a birth).
This study focuses on primary infertility in AfricAn abundant literature has addressed the
situation of primary infertility in Africa, from th early years of direct observation of colonial
authorities, of early demographic surveys condudtedhe 1960’s, to the more recent
censuses and DHS surveys. These sources are ofengent, leading to a wide range of
conflicting estimates. [Adadevoh 1974; Barlovatb39Belsey 1977; Ericksen & Brunette
1996; Frank 1983, 1987; Larsen & Menken 1989, 19%fsen 1995, 1996, 2000, 2005;
Pantazis & Clark 2013; Retel-Laurentin 1972, 191R8%8; Romaniuk 1967, 1968; Rutstein et
al. 2004]

Situations of highly prevalent primary infertilityere documented in areas as diverse
as central Africa (Gabon, Congo, Central Africarp&dic) and West Africa (Burkina Faso,
Western Nigeria), usually for women born before @,9but not for later cohorts. Beyond
genetic and physiological factors, highly prevalg@nimarily infertility is usually due to
infectious diseases, in particular: sexually traitteeh infections (chlamydia, gonorrhea,
syphilis, tuberculosis, HIV, etc.), and parasitisedses (shistosomiasis, trypanosomiasis,
malaria, etc.). [McFalls & McFalls 1974] Pocketshogh prevalence of infertile women (say
10% or more) that were concentrated in selectedsané Central and West Africa seem to
have largely disappeared in recent years.

In addition to biological factors, some behavidiadtors seem to now interfere with
changes in age at first birth associated with fatariage. In particular in urban areas of
Southern Africa, women delay their first marriagewell above 30 years, or even never
marry, so that a first birth is less likely to octiecause of lower fecundability after age 35, as
it is the case in developed countries. This repBehomenon remains poorly documented.

The aim of this study is to assess the feasibditymeasuring levels and trends in
primary infertility from census data in Africa. Gars data are rarely used in infertility studies
because they are often considered unreliable,ngplgiare ignored by students and scholars
interested in the topic who come from medical oblpuhealth sciences. Furthermore,
individual census data necessary for such studee warely available to researchers until
recently, when the IPUMS-international project t&dr to archive and standardize
(harmonize) census data all over the world. [s&#MB web site for details] This study aims
at starting filling this gap.



Data and M ethods

Case definition of infertility

From a demographic perspective, primary infertiltylefined as the fact for a woman
of not having had a live birth by the end of hgorogluctive period, that is by age 50 years.
This definition includes therefore the case of wanado could not have a live birth despite
being exposed to unprotected sexual intercoursenfatever biological reason (from the
woman or her partner), and the case of women whwerewere not exposed to sexual
intercourse or who always had protected intercofwsenvhatever behavioral reason. This
definition therefore differs from biological stetyl, that can be shown medically or by proper
epidemiological study, and from very low fecundailshown by lack of conception after
several months of exposure (12, 18, 24 months, 8sye years, 7 years, or any other
duration), both cases being often labelled in ttezdture as ‘infertility’, improperly from a
demographic perspective.

For this study, the prevalence of infertility wagsasured by the proportion of women
age 40 and above in the general population whorres@ a live birth. Age 40 was selected
instead of age 50 primarily for practical purposege many surveys stop at age 50, and since
this selection provides data on 10 additional yeadhorts. This choice is justified in the
Annex, because very few African women have a birth after age 40 (and in most countries
even after age 35). Among the 36 countries for WidiS surveys conducted in Africa are
available, only 0.04% of women had a first birtheafage 40 (range 0 to 0.1%). So,
prevalence of infertility at age 40 and above Wil considered as equivalent to terminal
infertility by age 50.

Census data

This study is based on individual records of cendata from sub-Saharan Africa
available in the IPUMS database. [see IPUMS web fait details] As will be seen below,
these are imperfect data, which needed to be vtatidaefore an assessment of infertility
could be made. Therefore, countries were selecteenwhey had at least three censuses
available in the database in order to check interoasistency. When three or more censuses
indicated similar or consistent values of infetyilihey could be considered for final analysis,
and otherwise they were discarded. Since infertiitas not constant overtime in most
countries, the main check was to compare prevalehaefertility for the same cohorts, a
cohort being defined as the woman’s year of birs. a result, six countries were selected in
the IPUMS database: two countries in Eastern Af(i€anya, Malawi), two countries in
Southern Africa (South Africa, Zambia), and two eties in Western Africa (Burkina Faso,
Mali).



Many African censuses (although not all) have astioe on the number of children
ever-born for each surveyed woman. This numbeodeda in integer values: 0, 1, 2, 3, etc. up
to Pmax, or unknown, ‘Pmax’ being the maximum pauisually a number in the range of 15
to 20 children ever-born. Therefore, the prevalen€enfertility was calculated as the
proportion of women with O children ever-born amomgmen with known parity (0O to
Pmax), excluding therefore the unknown parity. e censuses, unknown numbers of
children ever-born are coded as 99 or another abeade, and are easy to identify. In other
censuses, unknown parity is recoded by some kirichpfitation computer program, usually
not documented, so that corrections or verificatiaannot be made a posteriori. In such
cases, the precision of the recoding depends onntpatation method, and the way the
unknown category was coded (coding 99 when the wdmaa had children but the number is
unknown and when it is unknown whether the womath dadirth or not are not identical for
statistical purposes). In some censuses imputatfomissing values was obviously not
properly done, often creating abnormally high numbewomen with no live birth. This
could happen when missing values were left blarkk racoded as zero, or when imputation
was not done specifically by age but all over tkeroductive period, leading again to
abnormally high numbers of women with no live biflomen age 40 could be treated as if
they were women age 12). With respect to age rauyee censuses included the question on
children ever-born for all women age 12 and abotiegrs stop at age 50, 60, 70 or 80 years.
Therefore the cohort analysis of infertility may based on 10, 20, 30, 40 or 50 yearly
cohorts, depending on the census. When possii#eaverage level of infertility at a given
census was defined for women age 40-79, which leatisge numbers and small confidence
intervals.

Cohorts (woman'’s year of birth)

Since the date of birth was not included in mosisoges, cohorts were defined by the
difference between the census year and the ageinstance, a woman age 41 in a census
conducted in 2001 was assumed to be born in 1968. study focuses on long term trends,
and therefore attempted at reconstructing trendsrenalence of infertility for women born
between 1900 (age 80 in 1980) and 1970 (age 4@10)2 In some cases, data on women
born before 1900 are also available for the eatkgisuses, as in Kenya and South Africa.

Comparison with DHS surveys

In addition to the analysis of census data, corsparias made with DHS surveys
conducted in the same countries. [see DHS weligitdetails] These surveys are considered
highly reliable, since they are based on full matgrhistories, and not only on the simple
guestion of children ever-born as in a census. ldgaen, prevalence of infertility was defined
as the proportion of women in the age group 40-4® wo live birth. The comparison
between census and DHS surveys is not straightfdiwewever. Firstly, DHS surveys are
based on a sample of households in which at lgastwmmen age 15-49 lives, a procedure
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which tends to select more fertile women and tdwgecin particular marginal women (living
alone, handicapped, in institution, etc.) who imgiple are included in the census. Secondly,
the maternity histories sometimes include stillisrcounted as live births who died shortly
after delivery, whereas in a census a live birtimglyshortly after delivery might be not
counted among the children ever-born. Therefore,expects discrepancies in the proportion
of infertile women between censuses and DHS surveys

Methods

Methods for this study were straightforward statzéd and demographic methods.
Prevalence of infertility was first computed by gtgacohort, and by 10-year cohorts, and
plotted on graphics. Results from several censinsée same country were then compared. If
found compatible, cohorts trends were searchedeftiter ascending (increasing prevalence)
or descending (decreasing prevalence). Lastly, eoisygn was made with DHS surveys
among overlapping cohorts. Since census samplekidmclarge numbers, statistical
significance is not an issue here and is not pteden

Results

1. Kenya

Kenya conducted five population censuses that @adable in the IPUMS database.
They were conducted regularly, 10 years apart ft@®9 to 2009. All contain a question on
children ever-born that allow one to compute thevakence of infertility (Table 1). The sizes
of IPUMS samples were very large, ranging from @0 @ 300 000 women age 40 and
above. Overall, the prevalence of infertility amaongmen age 40-79 was 4.7%, with some
minor fluctuations by census.



Table 1: Prevalence of infertility in Kenya, by ses and cohort

Census year

1969 1979 1989 1999 2009
Number of women 40717 760417 71616 102421 300104
Percent infertile 4.4% 5.2% 4.1% 4.9% 3.7%
Cohorts
1880-89 6.1% 6.6%
1890-99 5.5% 6.6% 6.9%
1900-09 4.3% 6.0% 6.4% 8.8%
1910-19 3.9% 5.7% 6.0% 6.9% 19.7%
1920-29 4.5% 5.4% 5.0% 7.1% 10.8%
1930-39 4.6% 4.2% 5.4% 5.7%
1940-49 3.3% 4.7% 3.9%
1950-59 4.3% 3.3%
1960-69 3.4%

NB: Women age 40-79 in all censuses

Figure 1: Levels and trends in infertility, Kenya
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Results from the five censuses were, however,desttical when compared by cohort.
(Table 1, Figure 1) For the same 10-year cohodstiaportion of infertile women tended to
increase with the recall period. In addition, comegawith the 1979 census, estimates of
infertility tended to be somewhat lower in the 196&€nsus, similar in the 1989 census,
somewhat higher in the 1999 census and in the 2808us. Above age 80, data were broadly
consistent with trends, although with wide fluctaas, with the exception of the 2009 census
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for which data above age 80 were unreliable. Degpitonsistencies, data from the Kenyan
censuses indicated a decline in infertility fronmods born between 1900 and 1950, followed
by a stable level for cohorts born between 1950X9%D. Data from DHS surveys indicated
similar trends, but a lower prevalence of infegtifior cohorts born between 1935 and 1965.

2. Malawi

Malawi conducted three population censuses thad\aa#able in the IPUMS database.
They were conducted regularly, almost 10 yearstajpam 1987 to 2008. All contain a
guestion on children ever-born that allow one tmpate the prevalence of infertility (Table
2). The sizes of IPUMS samples were also largegingnfrom 69 000 to 99 000 women age
40 to 79. Overall, the prevalence of infertility @ng women age 40-79 was 4.2%, with some
minor fluctuations by census.

Table 2: Prevalence of infertility in Malawi, byregus and cohort

Census year

1987 1998 2008
Number of women 69095 79027 98912
Percent infertile 3.8% 4.7% 4.1%
Cohorts
1880-89 4.1%
1890-99 4.3% 6.8%
1900-09 4.7% 6.8% 6.8%
1910-19 4.1% 6.1% 4.9%
1920-29 3.6% 5.4% 4.7%
1930-39 3.4% 4.2% 4.1%
1940-49 4.0% 3.8%
1950-59 4.1%
1960-69

The three censuses, however, were not fully coilipatvhen compared by cohort.
(Table 2, Figure 2) For the same 10-year cohodsptioportion of infertile women tended to
increase with the recall period, although not ragul In addition, compared with the 2008
census, estimates of infertility were lower in ##87 census, but higher in the 1998 census.
Above age 80, estimates of infertility tended teeleoff. Despite inconsistencies, data from
the Malawian censuses indicated a decline in iififgrfrom cohorts born between 1900 and
1950, followed by a stable level for cohorts boetween 1950 and 1970, as in Kenya. Data
from DHS surveys indicated a lower prevalence &ériility for cohorts born between 1945
and 1965.



Figure 2: Levels and trends in infertility, Malawi

Proportion of infertile women, Malawi,
15%

—+—Census, 1987

10% -#-Census, 1998
Census, 2008

—-o-DHS surveys

Percent infertile

—
v 0——/‘*”/‘:0\’\"\«
0%
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980

Cohort (year of birth)

3. South Africa

South Africa conducted four population censuses$ #na available in the IPUMS
database, conducted in 1996, 2001, 2007 and 20a4te that the 2007 operation, called
“Community Survey” was based on a sample, and rioll &cale census. Other censuses are
also available in South Africa, conducted in 192®80, 1985 and 1991. Some are
incomplete, since they did not include parts ofrent South Africa (the former homelands),
and only one (the 1980 census) included questiarchddren ever-born. However, the 1980
census was totally incompatible with the othershwiespect to infertility, with an
outstandingly high proportion of women with no liveth. So, the following analysis is based
solely on the four IPUMS samples. All contain a gjimn on children ever-born that allow
one to compute the prevalence of infertility (Talde However, only the 1996 census
provides full information for women age 40 and abowhereas the question on children
ever-born was restricted to women age 15-50 irother censuses, so that only the age group
40-50 is available for the analysis of infertilitQverall, the prevalence of infertility among
women age 40 and above was 7.7%, with serioustiargaby census. (Table 3)



Table 3: Prevalence of infertility in South Afriday census and cohort

Census year

1996 2001 2007 2011
Number of women 404609 225855 66746 263385
Percent infertile 6.7% 7.4% 9.8% 8.9%
Cohorts
1880-89 10.2%
1890-99 9.1%
1900-09 7.9%
1910-19 6.7%
1920-29 6.4%
1930-39 6.5% 8.2%
1940-49 7.3% 17.9%
1950-59 9.2% 8.6%
1960-69 8.9%

NB. Only the 1996 census contains data on womerdl@gad above; others contain only data
from age 40 to 50.

Figure 3: Levels and trends in infertility, Soutfrida

Proportion of infertile women, South-Africa
15%
-m-Census, 1996

—+—Census, 2001
——Census, 2007

——Census, 2011
10% X

M ~o-DHS surveys

Percent infertile

5%

0%
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980
Cohort (year of birth)

With respect to trends, South Africa shows a unigagtern of first declining
infertility, from cohorts of women born in 1900 1850, then a rising infertility up to the last
cohorts born in 1970 (age 41 in 2011). Althoughrdhere some inconsistencies in the recent
data (census of 2001 to 2011), the increasing tepmears clearly in Figure 3. The 2007
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sample is somewhat at odds with the others, mkaslylibecause of the sampling procedure.
As in the other countries, the 1998 DHS surveygaéower value for infertility.

4. Zambia

Zambia conducted three population censuses thavaikable in the IPUMS database,
conducted regularly every 10 years in 1990, 2064, 2010. All three contain a question on
children ever-born that allow one to compute thevalence of infertility (Table 4). The first
census (1990) led to an obvious overestimatiomfafriility. So, only the last two censuses
(2000 and 2010) were considered. Overall, the peeca of infertility among women age 40
and above was 11.0%, basically the same in botbuses. (Table 4)

Table 4: Prevalence of infertility in Zambia, bynseis and cohort

Census year

1990 2000 2010
Number of women 58244 64458 86408
Percent infertile 24.7% 10.6% 11.2%
Cohorts
1900-09 42.2%
1910-19 39.8% 15.8%
1920-29 33.3% 13.0%
1930-39 24.9% 11.3% 18.8%
1940-49 20.3% 10.5% 13.9%
1950-59 10.1% 11.2%
1960-69 9.4%

Trends by cohorts revealed large inconsistenaigy, much higher values for the
2010 census compared with the 2000 census. (Figurln addition, the prevalence of
infertility was so much higher than in the DHS sy that data could not be considered
reliable.
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Figure 4: Levels and trends in infertility, Zambia

Proportion of infertile women, Zambia, Census
20%
-m-Census, 2000
15% Census, 2010
o ——DHS surveys
=
&
=
= 10%
=
5
5
[-¥
5%
0%
1910 1920 1930 1940 1950 1960 1970 1980

5. Burkina-Faso

Burkina-Faso conducted three population censusasatte available in the IPUMS
database, conducted regularly almost every 10 ywad9d85, 1996, and 2006. All three
contain a question on children ever-born that allome to compute the prevalence of
infertility (Table 5). Data were somewhat inconsigf with the first census (1985) leading to
a high value (9.4%), the second census (1996) lewavalue (4.9%) and the third census
(2006) to an average value (7.0%). Overall, thegdemnce of infertility among women age 40
and above was 7.0%, basically the same as in shedasus. (Table 5)

Despite the large differences in levels, estimbiesohort indicated a declining trend,
which were approximately parallel, and paralleltb@ trend found in the DHS surveys.
However, levels in the DHS surveys were much loden those found in the censuses.
(Figure 5) Burkina-Faso is one of the countrieshwkhown high prevalence of infertility
during the colonial period. [Retel-Laurentin 197974, 1978]
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Table 5: Prevalence of infertility in Burkina-Fa$xy, census and cohort

Census year

1985 1996 2006
Number of women 74697 86714 118025
Percent infertile 9.4% 4.9% 7.0%
Cohorts
1890-99 18.5%
1900-09 19.1% 6.7%
1910-19 15.8% 9.4% 16.3%
1920-29 12.3% 7.3% 13.7%
1930-39 8.0% 6.2% 12.4%
1940-49 5.6% 4.2% 10.9%
1950-59 3.9% 5.6%
1960-69 4.2%

Figure 5: Levels and trends in infertility, Burkif@aso
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6. Mali

Mali conducted three population censuses that @aédable in the IPUMS database,
conducted regularly every 11 years in 1987, 1988, 2009. All three contain a question on
children ever-born that allow one to compute thevalence of infertility (Table 6). However,
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the 2009 census provides only data from age 4Mtgedrs. Data from the three censuses
were largely inconsistent, with increasing valuéshe prevalence of infertility with date of
census, which is unexpected. Data are thereforedemed as unreliable. (Table 6)

Table 6: Prevalence of infertility in Mali, by cerssand cohort

Census year

1987 1998 2009
Number of women 66161 77750 48973
Percent infertile 4.1% 8.4% 15.4%
Cohorts
1880-89
1890-99 6.4%
1900-09 5.3% 19.5%
1910-19 5.0% 13.0%
1920-29 4.6% 11.9%
1930-39 3.9% 10.0%
1940-49 3.6% 8.0%
1950-59 6.8% 19.7%
1960-69 14.6%

NB: the 2009 census provides data only for women4f349

Figure 6: Levels and trends in infertility, Mali
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Despite the large differences in levels, estimditgscohort all indicated declining
trends, which were approximately parallel, and l&reo the trend found in the DHS surveys.
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Surprisingly, levels and trends in the DHS survexse consistent with levels and trends
found in the 1987 census. However, it was uncldaather any census could provide reliable
estimates. (Figure 6)

7. Comparison with DHS surveys

Estimates of infertility in censuses could be canep with those of DHS surveys by
selecting the corresponding cohorts. Results siaty bn average, infertility in censuses is
about three times that in DHS surveys. Infertibstimates are rarely compatible, and almost
always higher in census data, with the sole exaepdf the 1987 census of Mali. In some
countries such as Kenya or South Africa differengese moderate and realistic, whereas in
others they tended to be very high and revealedusedata problems, in particular in Zambia
and in Burkina-Faso. (Table 7)

Table 7: Comparison of estimates of female infigytih censuses and DHS surveys

Census Overlapping Proportion infertile
Country year cohorts Census | DHS surveys RR
Kenya 1989 1928-1949 3.8% 2.5% 1.53
1999 1928-1959 4.7% 2.4% 1.96
2009 1928-1969 3.8% 2.2% 1.67
Malawi 1987 1943-1947 3.6% 1.5% 2.36
1998 1943-1958 4.1% 1.8% 2.28
2008 1943-1968 4.0% 1.7% 2.34
South-Africa| 1996 1949-1958 6.6% 5.0% 1.33
2001 1949-1958 7.3% 5.0% 1.47
2007 1949-1958 12.1% 5.0% 2.43
Zambia 1990 1943-1950 20.1% 1.2%
2000 1943-1960 10.2% 1.4% 7.04
2010 1943-1970 10.5% 1.8% 5.86
Burkina-Fasg 1985 NA
1996 1944-1957 4.0% 1.4% 2.95
2006 1944-1966 5.9% 1.4% 4.30
Mali 1987 1937-1944 3.2% 3.6% 0.91
1998 1937-1958 7.7% 2.6% 2.90
2009 1959-1968 15.4% 2.7% 5.75
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Discussion

Out of the six countries investigated, three hadstent data, and provided reliable
estimates of infertility, and the other three shdweo many inconsistencies to conclude. In
the three countries with reliable data, estimatemfertility for cohorts born between 1940
and 1960 ranged from 3.8% (Kenya) and 3.9% (Malawij.3%. (South Africa). These are
values lower than those estimated by other methand, probably more realistic for the
general population. The moderate values found inygeand Malawi, where marriage is
universal and early, are probably mostly due tdogical factors, and are close to values
found elsewhere. The higher values found in Soufhicd seem to have a behavioral
component, probably due to frequent situation t faarriage or no marriage combined with
efficient contraception.

All six countries revealed (when reliable) or segigd (even with deficient data)
declining trends in infertility over the years, aimdparticular for women born between 1900
(who had most births in 1920-1940) and 1950 (bimh$970-1990). Most cases of infertility
are in fact due to infectious and parasitic disedseAfrica, and with modern medicine,
antibiotics in particular, and the overall improvamhin health, one could expect a decline in
sterility due to biological factors, and therefamedecline in infertility. This decline in
infertility in census data was also found in DH®veys: on average for 33 African countries,
the proportion of infertile women declined from & Xor women born around 1930 to 3.1%
for women born around 1955, and tended to incregissvly thereafter. (Author’s
calculations). This was confirmed by earlier anislysing a different methodology. [Larsen,
2000]

Only South-Africa revealed increasing trends folhats born after 1950, for reasons
that need to be further investigated. This mightdbe to emerging or resurging infectious
diseases (tuberculosis, HIV/AIDS, other STI's),dore to behavioral factors, in particular to
the increasing proportion of women who marry lateesnain never-married. Note that this
increase in infertility is rather large, from 6%ertile women for the 1950 cohort to 10% for
the 1970 cohort, going back to levels prevalerbh&é1900 cohort.

As expected, there were differences between cessasd DHS surveys, almost
always in the same direction: higher prevalenceensus than in surveys. This discrepancy
was in part expected, for reasons explained ablwweountries with better data (Kenya,
Malawi and South Africa) the magnitude of differeacwas moderate (1.7%, 2.2%, 3.7%
respectively on average) and could be explainedsddgction factors, whereas in other
countries differences were larger, revealing pnaislen census data in addition to expected
discrepancies.

Overall, IPUMS census samples were found usefudtiadying infertility in Africa. In
some countries census files could be used diresthgreas in others they obviously needed
an adjustment. It is too unfortunate that, firsthformation on imputation was not kept in the
censuses studied, which would have allowed oneutthdr checking, and secondly that
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imputation procedures were not documented. In thebwomen were interviewed in person

in a census, there is no reason to think that angdcnot obtain reliable information on

infertility. Of course, in practice women are ndways asked personally (the head of
household or another member may answer for themdjng of answers may not be optimal,
data entry might be erroneous, and proceduresnfiputing missing values might not be
adapted to the case of children ever-born. Thesepesbably the reasons why so much
discrepancy was found in some of the censusestigaesd.

17



References

Adadevoh B, editor. (1974)ub-fertility and Infertility in Africa. Ibadan, Nigeria: Caxton
Press.

Barlovatz A. (1955). Sterility in Central Afric&ertility and Sterility; 6(4):363-374.

Belsey MA. (1976). The epidemiology of infertilitg:review with particular reference to sub-
Saharan AfricaBulletin of the World Health Organization; 54(3):319-341.

Boivin J, Bunting L, Collins JA, Nygren KG. (2007hternational estimates of infertility
prevalence and treatment-seeking: potential neddlamand for infertility medical
care.Human Reproduction;22(6):1506-1512.

Cates W, Farley TMM, Rowe PJ, on behalf of Worldalte Organisation special programme
of research in human reproduction, task force agribsis and treatment of infertility.
(1985). Worldwide patterns of infertility: is Afrecdifferent?The Lancet; 326(8455):
596-598.

DHS web site (Demographic and Health Survegp://dhsprogram.com

Ericksen K, Brunette T. (1996). Patterns and ptedscof infertility among African women:
A cross-national survey of twenty-seven natid@sial Science & Medicine;, 42(2):
209-220.

Frank O. (1983). Infertility in in sub-Saharan Afii estimates and implicatior2opulation
and Development Review; 9(1): 137-144.

Frank O. (1987). Sterility in women in sub-Sahagdmca. |PPF Medical Bulletin; 21(1):6-8.

IPUMS-International web sitérttps://international.ipums.org

Larsen, U. and Menken, J. (1989). Measuring Stgfilom Incomplete Birth Histories.
Demography; 26(2): 185201.

Larsen, U and Menken, J (1991). Individual-Leveriity: A New Method of Estimation
with Application to Sub-Saharan AfricBemography 28(2): 229247.

Larsen U. (1995). Trends in infertility in Cameroamd Nigerialnternational Family
Planning Perspectives; 21: 138-142 & 166.

Larsen U. (1996). Childlessness, subfertility, arfdrtility in TanzaniaSudiesin Family
Planning; 27(1):18-28.

Larsen U. (2000). Primary and secondary infertilitgub-Saharan Africanter national
Journal of Epidemiology; 29(2): 285-291.

18



Larsen U. (2005). Research on infertility: whicHidigion should we usePertility and
Serility; 83(4):846—-852.

Lunganga KM; Sarma RSS. (1982). Infertility in Zaitn: Determinants of fertility in some
African and Asian countries. Cairo, Egypt, Cairanidgraphic Centre, 1982. :375-90.
(CDC Research Monograph Series no. 10)

Leke, R.J.1. et al. (1993). Regional and geograpar@tions in infertility: Effects of
environmental, cultural, and socioeconomic factBrsironmental Health
Per spectives Supplements; 101(Suppl. 2):73-80.

McFalls JA, McFalls MA. (1984 )Disease and Fertility. Orlando, FL: Academic Press.

Mascarenhas MN, et al. (2012). National, regioaat] global trends in infertility prevalence
since 1990: A Systematic Analysis of 277 HealthvBys.PloS Medicine; 9(12):
e1001356.

Pantazis A, Clark SJ. (2013). Male and femaldlgyein Zambia.Demographic Research;
30(14).

Retel-Laurentin A. (1972). Infécondité et maladies: Nzakara. Paris. INSEE.

Retel-Laurentin A. (1974). Subfertility in black #da - the case of the Nzakara in Central
African republic. In B. Adadevoh (ed). Sub-fertiland Infertility in Africa. Ibadan,
Nigeria: Caxton Press: 69-75.

Retel-Laurentin A. (1978). Evaluation du role @etaines maladies dans I'infécondité: un
exemple africainPopulation; 33:101-119 [Appraising the role of certain dis=am
sterility: an African example]

Roberts DF, Tanner RES. (1959). A demographic study area of low fertility in north-
east Tanganyikd&opulation Studies; 13: 61-80.

Romaniuk A. (1967). La fécondité des populationsgiaises. Paris, Mouton.

Rutstein SO, Shah IH. (2004). Infecundity, Inféxtiland Childlessness in Developing
Countries. DHS Comparative Report No. 9: Calvertdaryland, USA: ORC Macro
and the World Health Organization.

Romaniuk A. (1968). The demography of the Demociagpublic of the Congo. In W. Brass
et al. (eds)The demography of Tropical Africa. Princeton, Princeton University Press:
241-341.

Sciarra, J. (1994). Infertility: An internationag¢dlth problemlnternational Journal of
Gynaecology & Obstetrics; 46:155-163.

Westrom, LV. (1994). Sexually transmitted diseamas infertility. Sexually Transmitted
Diseases 2 (Suppl.): S32-S37.

19



Annex

Figure A-1: Probability for women of having theiirst birth by age ‘x’, fertile women,
average of African DHS surveys.

Probability of having first birth after age (x)
100%

90%
80%
70%
60%
50%
40%

30%

Probability (birth after age x)

20%
10%
0%

Age (%)

20



