


inequalitiesin theproximatedeterminantsof fertility: child marriage,accessto contraception
andsafeabortion,andpostpartumbreastfeedingor abstinence,canvarywithin countries
acrosswealthquintiles.Examinationof theseproximatedeterminantsof fertility canreveal
underlingdriversof inequalityin thetotal fertility ratesacrosssubgroupsof thenational
population.

Thetotal fertility rateasacalculationis thenumberof childrenborn perwomanif shewere
to agethroughherchildbearingyearsandhavechildrenaccordingto thecurrentscheduleof
age-specificfertility rates.It isnot thenumberof childrenawomangivesbirth to, but ahypo-
theticalprojectionof whatshewouldgivebirth to if herownage-specificfertility patterns
acrossher life coursematchedthepopulationaverageage-specificpatternsin thepresent.

An inequalityin thetotal fertility raterefersto anobservableandmeasurabledifference
betweenor amongindividuals,subgroupsof thepopulation,or groupsoccupyingunequal
positionsin society[1].

A declinein thetotal fertility rateto thereplacementrateof 2.1childrenperwomenhas
beenshownto haveapositiveimpacton anation'seconomicprosperity(thedemographicdiv-
idend[2±4]).Theconsiderationof thetotal fertility rateisusuallyreportedat thenational
level,andnational-leveldeclinesin fertility thentranslateto national-leveleconomicbenefits.
While theconsiderationof sub-nationalinequalitiesin thetotal fertility rateandthesubse-
quentimpacton economicinequalityhasbeenlittle explored[5, 6], that line of researchexam-
inesthe����	
�	��	� of inequalityin thetotal fertility rates.In thispaper,however,we
examinetheexistenceof inequalityin thetotal fertility ratewithin countries,andtheproxi-
mate�	�	
������� of this inequalityin thetotal fertility rates.Weleavetheexaminationof the
consequencesof inequalityin fertility rateon inequalityin economicdevelopmentfor another
paper.

Our examinationof theinequalityin thetotal fertility rateat thesub-nationallevel,and
investigationof thedriversof this inequalityin thetotal fertility rates,enablesusto observethe
underlyingpathwaysof howinequalityin ageof marriage,contraceptiveuse,andbreastfeed-
ing affectsinequalityin thetotal fertility rate.

At thesub-nationallevel,theexaminationof inequalityin thetotal fertility ratehasbeen
observedwithin countriesbyeducationlevels[7]. Eloundouandhisco-authorsuseeducation
asoneof thesocialdeterminantsof fertility andfind that themosteducatedwomenwithin the
countrydriveanobservedfall in thetotal fertility rate.However,this researchdoesnot extend
thedescriptiveanalysisto theobservationof therole theunderlyingproximatedeterminants
of fertility playin shapingtheobservedinequalityin thefertility rate.

Asaresult,in thispaperweconductadescriptivedataanalysison individual-leveldatato
illustrateinequalityin changesin thetotal fertility rateswithin subgroups(wealthquintiles)of
acountry'spopulation.WeuseBongaarts'[8] modelof theproximatedeterminantsof fertility
to examinethesequestionsof inequalityin fertility ratesandinequalityin theproximatedeter-
minantsof fertility±delayedmarriage,contraceptiveuse,abortion,andpostpartuminfecund-
ability (postpartumabstinenceandbreastfeeding).NotethatBongaarts'modelenablesaway
of lookingat thedatain adescriptiverepresentation,but doesnot establishacasual
relationship.

Bongaarts'[8] modelof theproximatedeterminantsof fertility isanupdatedversionof
Bongaarts'[9] andStover's[10] models.Bongaarts'1982model,whichisbasedon theoneout-
linedbyDavisandBlake[11], showedthatempiricallyasetof intermediatevariablescanbe
reducedto aconciselist of four factors:proportion of womenmarried,postpartuminfecund-
ability,contraception,andinducedabortion.That is,fertility is lowerthanthebiologicalmaxi-
mum becauseof delayedmarriage,theuseof contraceptionor abortion,andpostpartum
infecundabilitydueto breastfeedingor abstinence.Acrosstime, if thetotal fecundityrate

Decomposition of fertility

PLOS ONE | https://doi.org/10.1371/journal.pone.0203344 September 18, 2018 2 / 16

Competinginterests: Theauthorshavedeclared
thatnocompetinginterestsexist.

https://doi.org/10.1371/journal.pone.0203344


remainsunchangedthenchangesin thetotal fertility ratecanbeattributedto changesin these
four keyvariables.In otherwords,extendedperiodsof postpartuminfecundability,abortion,
contraceptiveuse,anddelayedmarriageall playapart in reducingtheobservedtotal fertility
ratefrom thebiologicalmaximum.

While Bongaarts'modelhasreceivedits shareof citicism[12,13],wefound thatbyapply-
ing thismodelto thedatawewereableto includeeachof theproximatedeterminantswith a
theoreticaljustificationratherthansimplygeneratinganadhoclist to usein aregressionanal-
ysis.Becausethemodelprovidesacomprehensivewayto quantifytheroleof theproximate
determinantsof fertility in shapingthetotal fertility rate,wecancalculatetherelativecontribu-
tion of eachof theproximatedeterminantsin shapingfertility levelsandtrends.

Thesocialdeterminantsof fertility areeducation,wealth,andurban/rural living. In this
paper,weconsidertheroleof wealthasamoderatorof therelationshipbetweentheproximate
determinantsof fertility andthetotal fertlity rate.Wehypothesizethatwewill observediffer-
encesin therolesof theproximatedeterminantsof fertility acrosswealthquintileswithin a
country,whichwill illustratetheunderlyingreasonfor differencesin thetotal fertility rate
acrosswealthquintileswithin acountry.

In thispaper,weaim to show:1) thetotal fertility ratebywealthquintilesovertime,2)
inequalityin thetotal fertility ratesovertime,3) theproximatedeterminantsof fertility by
wealthquintile overtime;and4) inequalityin theproximatedeterminantsof fertility over
time.

Thisdecompositionof thedataenablesusto seewhichcountriesareexperiencinginequal-
ity in fertility declineandwhatisdriving this inequality.Thedecompositionof theproximate
determinatesenablesusto observeaside-by-sidecomparisonwherepolicycanbemosteffec-
tive.Forexample,wecanseehowpoliciesendingchild marriage,increasingcontraceptiveuse,
or promotingnaturalmethodsof fertility regulationcouldbepromoted,andwhichgroups
within acountrywouldbenefitmostfrom suchpolicies.

In thispaperwefocuson thesub-SaharanAfrican continent,astheir demographictransi-
tion isbeginning,but isunfoldingslowly[14] andits determinantsareworth investigating
independentlyfrom otherregions[15] asevenacross(andwithin) countries,marriage,con-
traceptiveuseandbreastfeedingcandiffer.

It isworth noting thatalarge-scalesecondarysourcedatasetsuchastheDemographicand
HealthSurveys,which interviewsacrossdifferenttime pointsor differentcountries,havevar-
ied in quality.Furthermore,themethodsfor calculatingthetotal fertility ratepublishedby the
nationalstatisticalofficeor theUnited Nations,or total fertility ratesbywealthquintile pub-
lishedin DHSFinalReportsmaydiffer from our estimationmethods.Moreover,our sample
maydiffer from thesampleusedin theDHSFinalReports,asweonly includewomenwho
respondto questionsregardingwealth,birth history,sexualunion, contraceptiveuse,postpar-
tum abstinence��� breastfeeding.Thus,theremaybedifferencesin our reportednumbersto
thefertility ratesreportedbyothers,asour sampleis restrictedto womenwhorespondto all
thesequestions.

Methods

Data

In thispaperweuseddatafrom theDemographicandHealthSurveys(DHS) [16,17],which
arecollectedfrom over90low- andmiddle-incomecountries,including44sub-SaharanAfri-
can(SSA)countries.Thedatawerenationallyrepresentative.Fromahouseholdroster,
womenaged15±49wereidentifiedfor anin-depthinterview,andtherewasdetailedinforma-
tion on fertility, contraceptiveuse,andreproductivehealthof eachwomanrecorded.Since

Decomposition of fertility

PLOS ONE | https://doi.org/10.1371/journal.pone.0203344 September 18, 2018 3 / 16

https://doi.org/10.1371/journal.pone.0203344


1987therehavebeensixphasesof theDHS.Manycountrieshadmultiple surveys(noteit isa
repeatedcrosssection,not apanel),andin SSAtherewere23countrieswith threeor more
DHSstandardsurveys.Wechosecountrieswith threeor moresurveys,sothatwecouldsee
trendsovertime ratherthanjustaline betweentwo points.In anearlierworking paper[18],
wepresentedthetrendsacrosstime highlightingtheusefulnessof havingmorethantwo points
in time.Wealthindexinformation wascollectedfrom PhaseII, and21SSAcountrieshad
threeor moresurveysandincludedwealthinformation.All womenaged15±49yearsold were
includedin thisanalysisif theinformation wasavailablefor eachof thevariables.

The21countriesincludedwereBenin,BurkinaFaso,Cameroon,Coted'Ivoire,Ethiopia,
Ghana,Guinea,Kenya,Madagascar,Malawi,Mali, Mozambique,Namibia,Niger,Nigeria,
Rwanda,Senegal,Tanzania,Uganda,Zambia,andZimbabwe.SeeTable1.

Theoutcomeof interestis thetotal fertility rate.This isestimatedusingtwo methods.The
first usestheRodriguez'sStatacode(http://data.princeton.edu/eco572/asfr.html)applying
birth historiesfrom theDHSto calculatetheage-specificfertility ratein thethree-yearperiod
beforethesurvey.Thesecondmethodfor calculatingthetotal fertility rateisanapplicationof
theBongaarts'proximatedeterminantsof fertility model[8]. Suchthat,fertility ratesareamul-
tiplicativefunction of exposureto sexualactivity,contraceptiveuse,abortion,postpartuminfe-
cundability,andanunexplainedresidual.Thisresidualrefersto thefactorsthatdirectlyaffect
thetotal fertility ratebut arenot observablein thecurrentdatasetor modelled.

Weexaminethetotal fertility rateandtheproximatedeterminantsof fertility acrossthe21
sub-SaharanAfrican countriesandbywealthquintile within eachcountry,overmultiple sur-
veys(time points).Thewealthquintilescalculatedby theDHS[19] areacompilationof each
household'sassets,andthefirst principalcomponentisusedastheinformation for thewealth
index.Householdswith moreassetshadhigherscores.Thescoreswereassignedbyhousehold,
thenranked,andthendividedinto equalpopulationquintiles:fivegroupswith thesamenum-
berof householdsin each(http://www.dhsprogram.com/topics/wealth-index/Index.cfm).

Summary of Bongaarts’ model

In thisstudy,wefollowedBongaarts'[8] modelof theproximatedeterminantsof fertility. The
Bongaarts'frameworkprovidesanunderstandingof thefour mainproximatedeterminantsof
fertility in shapinglevelsandtrendsin thetotal fertility. In Bongaarts'model,thetotal fertility
ratecanbeestimatedto beafunction of thebiologicalmaximumtotal fertility (TF).Then,
delayedexposureto sexualactivity(Cm),contraceptiveuse(Cc),abortion(Ca),postpartum
infecundability(Ci), andtheresidualreducethefertility ratefrom thebiologicalmaximumto
theobservedrate.

Delayingmarriageor delayedinitiation of sexualactivitywill reducetheyearsthata
womanof reproductiveageisexposedto therisk of pregnancy.Contraceptiveusedecreases
therisk of pregnancy.Abortion reducesthenumberof livebirths.Postpartuminfecundability
isacombinationof postpartumabstinenceandpostpartumamenorrhea.Thelatterisaresult
of breastfeedingfollowingabirth.

Theproximatedeterminantvariablespoint directlyto policyinstrumentsthatarerelevant
in thematernalhealthspace:child marriage,low contraceptiveuse,high ratesof unsafeabor-
tions,andtheneedfor supportin thepost-partumperiod.All areissuesthatplaguewomen,
particularlyin low-resourcesettings.Bongaarts'papers[8, 9,20],andour ownworking paper
[18], providedetailsof thecalculationsof theproximatedeterminantsof fertility.

Eachof theproximatedeterminantswork to reducefertility from thebiologicalmaximum,
whichwesetat15.3followingBongaarts'earlierpaper[20]. If theageof marriageor sexual
debutisdelayed,thenthiscontributestowardanobserveddeclinein thefertility rate.If
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contraceptiveuse(or effectiveness)ratesincrease,this too contributesto anobserveddecline
in thetotal fertility rate.Followingabirth, theperiodof postpartumamenorrheamaybe
extendeddueto alongerperiodof intensivebreastfeedingor postpartumabstinence,andwill
actto reducethetotal fertility rate.Themodelalsoaccountsfor abortionrates,but wedid not
havesufficientdataat thecountryor sub-nationallevelandinsteadappliedregion-specific
aggregateratesestimatedbySedgh,Singhetal.[21]. Abortion ratesarein partafunction of
postpartuminfecundability,asawomanmayhaveaperiodof abstinencefollowinganabor-
tion andthis isaccountedfor in theBongaats'estimationof thecontribution of abortionrates
in determiningfertility rates.In theestimationsin thisstudy,aperiodof postpartuminfecund-
ability doesvarybywealthquintile at thesub-nationallevel,thusthedescriptivedataisnot
constantwithin regionseventhoughtheabortionratesareconstantat theregionallevel.

Weexaminetrendsin thetotal fertility rate,andtheproximatedeterminants,bywealth
quintile, followingtheapproachof MajumderandRam[22] whofocusedon theSouthAsian
region,andearlywork byFinlayetal [18].

Results

Total fertility rate by wealth quintile, over time

In thispaper,wecalculatethetotal fertility ratebywealthquintile usingRodriguez'scodefor
age-specificfertility rates.Table2 (poorest±richestcolumns)showsthat thetotal fertility rate
of thepoorestishigherthanthetotal fertility rateof therichestfor all 21countries.In the

Table 1. Countries and surveys in the sample.

Survey years

N Number of surveys 1990–1994 1995–1999 2000–2004 2005–2009 2010–2014

Benin 38,199 4 1996 2001 2006 2011

BurkinaFaso 35,405 4 1992 1998 2003 2010

Cameroon 28,930 4 1991 1998 2004 2011

Coted'Ivoire 17,563 3 1994 1998 2011

Ethiopia 30,443 3 2000 2005 2010

Ghana 18,790 4 1993 1998 2003 2008

Guinea 20,359 3 1999 2005 2012

Kenya 29,082 4 1993 1998 2003 2008

Madagascar 30,229 3 1997 2003 2008

Malawi 41,605 4 1992 2000,2004 2010

Mali 44,687 4 1995 2001 2006 2012

Mozambique 29,503 3 1997 2003 2011

Namibia 23,626 4 1992 2000 2006 2013

Niger 29,087 3 1998 2006 2012

Nigeria 76,737 4 1990 2003 2008 2013

Rwanda 24,307 4 1992 2000 2005 2010

Senegal 49,189 5 1997 2005 2010,2012,2014

Tanzania 32,920 4 1996 1999 2004 2009

Uganda 27,951 4 1995 2000 2006 2011

Zambia 35,043 4 1996 2001 2007 2013

Zimbabwe 30,853 4 1994 1999 2005 2010

TOTAL 694,508

Source:Authors'calculationbasedon DHSdata.

https://doi.org/10.1371/journal.pone.0203344.t001
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earliestsurveys,thepooresthavetotal fertility ratesashighas9.4childrenperwomanin
Rwandain 1992,andthelowestrateis6.4childrenperwomanin CameroonandGuinea.By
themostrecentsurvey,thetotal fertility ratefor thepoorestrangedfrom 5.7in Zimbabwe
2010to 8.7in bothUganda2011andNiger2012.

Overtime, for thepoorestquintile (Table2,LatestPoorest±EarliestPoorest),13/21coun-
triessawthetotal fertility rate�	����	. Thisdeclinerangedfrom adrop of 1.9childrenper
womanfor thepoorestin Rwandabetween1992and2010,to a0.1drop in thenumberof chil-
drenperwomanin Ethiopia(7.8in 2000to 7.7in 2010)andSenegal(8.2in 1997to 8.2in
2014,with rounding).In thecaseof Rwanda,Rutayisireetal [23] explorethechangingdecom-
positionof this fertility declineovertime.Theyfoundcontraceptiveuseadriving forcein later
years,but delayedmarriageplayingarole in earlieryears.Two countries,KenyaandMalawi,
saw�� �����	 in thetotal fertility rateof thepoorestwealthquintile overtime.Forsixcoun-
tries,Cameroon,Guinea,Mozambique,Nigeria,Uganda,andZambia,thetotal fertility rateof
thepoorest���
	��	� from theearliestto thelatestsurvey.Thepoorestin Mozambiquehadthe
largestabsoluteincreasein thetotal fertility rate,from 6.6childrenperwomanin 1997to 8.1
childrenperwomanin 2011.

Table 2. Levels and changes in the total fertility rates by richest and poorest, earliest and latest surveys.

TFR Rodriguez

Earliest Year Latest Year

Poorest

(1)

Richest

(2)

Poorest–

Richest (3)

Poorest

(4)

Richest

(5)

Poorest–

Richest (6)

Latest Poorest—

Earliest Poorest (7)

Latest Richest—

Earliest Richest (8)

Latest (Poorest—Richest)—

Earliest (Poorest—Richest)

(9)

Benin 8 4.7 3.3 6.9 4.7 2.2 -1.1 0 -1.1

BurkinaFaso 8 5.5 2.5 7.7 4.3 3.4 -0.3 -1.2 0.9

Cameroon 6.4 5.1 1.4 7.9 3.7 4.1 1.4 -1.3 2.8

Coted'Ivoire 7.2 4.7 2.5 7.1 3.8 3.3 -0.2 -1 0.8

Ethiopia 7.8 4.5 3.4 7.7 3.9 3.8 -0.1 -0.6 0.5

Ghana 7.5 4 3.5 7.4 3.2 4.2 -0.2 -0.9 0.7

Guinea 6.4 4.7 1.7 6.9 4.1 2.8 0.5 -0.6 1.1

Kenya 8.2 4.4 3.8 8.2 4 4.2 0 -0.4 0.4

Madagascar 9.1 4.1 5 7.4 3.3 4.1 -1.7 -0.8 -0.9

Malawi 7.9 6.5 1.4 7.9 4.7 3.2 0 -1.7 1.8

Mali 7.8 6.2 1.6 7.4 5.5 2 -0.4 -0.7 0.3

Mozambique 6.6 4.9 1.7 8.1 3.8 4.3 1.5 -1 2.5

Namibia 7.2 4.1 3.2 5.9 2.7 3.2 -1.3 -1.3 0

Niger 9.1 7 2.2 8.7 6.9 1.8 -0.4 -0.1 -0.3

Nigeria 7 5.8 1.2 7.8 4.6 3.1 0.7 -1.2 1.9

Rwanda 9.4 6.8 2.6 7.5 5.5 1.9 -1.9 -1.3 -0.7

Senegal 8.2 5.4 2.8 8.2 4.8 3.4 -0.1 -0.7 0.6

Tanzania 8.1 4.5 3.6 7.6 4.6 3 -0.5 0.1 -0.6

Uganda 7.6 5.9 1.7 8.7 5.1 3.6 1.1 -0.8 1.9

Zambia 7.7 5.8 1.9 8.4 4.4 4 0.7 -1.3 2

Zimbabwe 7.2 4 3.2 5.7 3.4 2.3 -1.4 -0.6 -0.9

Source:Authors'calculationbasedon DHSdata.

Note:(1) Levelsof TFRfor thepoorestin earliestsurvey,(2) Levelsof TFRfor therichestin earliestsurvey,(3) Gapbetweenrich andpoor in earliestsurvey,(4) Levels

of TFRfor thepoorestin latestsurvey,(5) Levelsof TFRfor therichestin latestsurvey,(6) Gapbetweenrich andpoor in latestsurvey,(7) Changein poorestTFRover

time,(8) Changein richestTFRovertime,(9) Changein thegapbetweenrich andpoor overtime.

https://doi.org/10.1371/journal.pone.0203344.t002

Decomposition of fertility

PLOS ONE | https://doi.org/10.1371/journal.pone.0203344 September 18, 2018 6 / 16

https://doi.org/10.1371/journal.pone.0203344.t002
https://doi.org/10.1371/journal.pone.0203344


Overtime, for therichestquintile (LatestRichest±LatestPoorest),19/21countriessawa
decreasein their total fertility rate.Beninsawno changein thetotal fertility rateof therichest
overtime.Tanzaniasawanincreaseof 0.1childrenperwomanfor therichestquintile between
1996and2009.

Inequality in total fertility rates increasing or decreasing over time

Table2 alsoshowsthedifferencein thetotal fertility rate(Rodriguezestimate)of thepoorest
wealthquintile minustherichestwealthquintile, in theearliestandlatestsurveyyears.We
took theearliestandlatestsurveyfor eachof thecountriesin our sampleandlookedat the
changein the��� in total fertility rateof thepoorestminusthetotal fertility rateof therichest.
Wefound that for 14of the21countries,thegapbetweenthepoorestandrichesttotal fertility
rateincreased.That is, inequalityin thetotal fertility rateincreasedfor these14countries:Bur-
kina Faso,Cameroon,Coted'Ivoire,Ethiopia,Ghana,Guinea,Kenya,Malawi,Mali, Mozam-
bique,Nigeria,Senegal,Uganda,andZambia.

Thegapbetweenpoorestandrichestwasconstantin Namibia.For theremainingsixcoun-
triesin thesample,thegapbetweenpoorestandrichestdeclined(Benin,Madagascar,Niger,
Rwanda,Tanzania,andZimbabwe).

Of the14countriesthatsawanincreasein inequalityin fertility decline,for sixcountries
thiswasdueto morerapiddeclinesfor therichestcomparedto theslowerdeclinesof thepoor-
estquintilesovertime (BurkinaFaso,Coted'Ivoire,Ethiopia,Ghana,Mali, andSenegal).For
another6/14countriesthatsawanincreasein fertility inequality,this risein inequalitywas
dueto thepoorestexperiencinganincreasein thetotal fertility ratewhile therichestexperi-
encedadeclinein thetotal fertility rateovertime (Cameroon,Guinea,Mozambique,Nigeria,
Uganda,andZambia).ForKenyaandMalawi,therewasanincreasein inequalityof thefertil-
ity ratedueto adeclinein thetotal fertility rateovertime for therichest,but no changein the
total fertility rateovertime for thepoorest.

ForNamibia,thetotal fertility ratedecreasedby thesameamountfor therichestandpoor-
est,(fallingby1.3points)andsothegapbetweenrich andpoor remainedthesameovertime.
Thepooresthadatotal fertility rateof 7.2in theearliestsurvey,andtherichesthadatotal fer-
tility rateof 4.1.Bythetime of themostrecentNamibiansurvey,thetotal fertility ratewas5.9
for thepoorest(down1.3)and2.7(down1.3)for therichest.

For thesixcountriesthatsawaclosingof thegapbetweentherichestandpooresttotal fer-
tility ratesovertime, four countriesdid sodueto thedeclinein fertility of thepoorestbeing
greaterthanthedeclinein fertility of therichest(Madagascar,Niger,Rwanda,andZimbabwe).
ForBenin,thepoorestsawadeclinein thetotal fertility rateovertime,while therichestsaw
no change.ForTanzania,thepoorestsawadeclinein thetotal fertility rateovertime,while
therichestsawanincreasein their total fertility rateovertime.

Proximate determinants of fertility by wealth quintile, over time

Thusfar,wehaveexaminedhowthegapbetweenrich andpoor in thetotal fertility ratehas
widened(increasinginequalityin fertility decline)or narrowed(decreasinginequalityin fertil-
ity decline)overtime.Furthermore,weexaminedwhetherthiswideninginequalityisdueto
thepoor laggingbehindor therich acceleratingahead.

Wenowturn to examinehowtheproximatedeterminantsof fertility±marriage,contracep-
tion, andpostpartumabstinence/amenorrhea,playarole in shapingthewideningor narrow-
ing fertility inequality.

Tables3 and4showhoweachof theproximatedeterminantsof fertility reducesfertility
from thebiologicalmaximum(15.3)to theobservedtotal fertility ratebywealthquintiles,as

Decomposition of fertility

PLOS ONE | https://doi.org/10.1371/journal.pone.0203344 September 18, 2018 7 / 16

https://doi.org/10.1371/journal.pone.0203344


estimatedby theRodriguezcodeof calculatingtheage-specificfertility rateusingtheDHS
birth histories.

Earliest surveys. Wetaketheexampleof Mozambiquein Table3.In theearliestsurvey,
womenin thepoorestwealthquintile hadatotal fertility rateof 6.6.For thesewomen,postpar-
tum infecundability(postpartumamenorrheaandpostpartumabstinence)broughtthetotal
fertility ratedownby4.5from thebiologicalmaximumof 15.3.Abortion broughtthetotal fer-
tility ratedownbyafurther 0.9.Contraceptionbroughtthetotal fertility ratedownby0.1,and
non-exposure(for example,delayedmarriage)broughtfertility downafurther 1.0.Theunex-
plainedresidualbroughtfertility downby2.3.

That is,for thepoorestin Mozambiquein theearliestsurvey,postpartuminfecundability
anddelayedmarriagewerethemosteffectivemethodsin bringing fertility ratesdownfrom
thebiologicalmaximum.Contraceptiveuseplayedaminor role.

Table 3. Proximate determinants of fertility by wealth quintile, earliest survey.

Poorest Richest Poorest–Richest

R M C A I TFR R M C A I TFR R M C A I

BurkinaFaso 8.0 0.1 0.5 0.1 0.5 6.1 5.5 0.8 1.0 1.3 0.8 6.0 2.5 -0.7 -0.5 -1.2 -0.3 0.2

Coted'Ivoire 7.2 1.5 0.6 0.1 0.7 5.1 4.7 1.8 1.1 1.9 1.1 4.5 2.5 -0.3 -0.5 -1.8 -0.4 0.5

Ethiopia 7.8 -1.9 2.6 0.1 0.5 6.1 4.5 -0.5 3.0 1.7 1.0 5.7 3.4 -1.4 -0.4 -1.6 -0.5 0.5

Ghana 7.5 0.3 1.2 0.5 0.7 5.1 4.0 2.0 1.7 2.0 1.4 4.2 3.5 -1.7 -0.5 -1.5 -0.7 0.9

Mali 7.8 1.8 0.6 0.1 0.7 4.4 6.2 1.2 1.2 1.8 1.0 4.1 1.6 0.6 -0.6 -1.7 -0.2 0.3

Senegal 8.2 0.0 0.9 0.1 0.6 5.6 5.4 -0.8 3.6 1.6 1.0 4.5 2.8 0.7 -2.7 -1.5 -0.4 1.1

Group average 7.8 0.3 1.1 0.2 0.6 5.4 5.1 0.7 1.9 1.7 1.0 4.8 2.7 -0.4 -0.9 -1.6 -0.4 0.6

Kenya 8.2 -0.6 1.4 0.7 0.7 5.0 4.4 0.2 1.8 3.5 1.4 4.0 3.8 -0.8 -0.4 -2.8 -0.7 1.0

Malawi 7.9 -0.4 2.2 0.5 0.8 4.3 6.5 0.1 1.8 1.8 1.0 4.1 1.4 -0.5 0.4 -1.3 -0.2 0.2

Group average 8.0 -0.5 1.8 0.6 0.8 4.6 5.4 0.1 1.8 2.7 1.2 4.1 2.6 -0.6 0.0 -2.1 -0.5 0.6

Cameroon 6.4 2.0 0.6 0.1 0.7 5.5 5.1 2.0 0.7 2.0 1.0 4.6 1.4 0.0 0.0 -1.9 -0.3 0.9

Guinea 6.4 1.4 0.5 0.1 0.4 6.5 4.7 1.4 1.2 1.0 0.6 6.4 1.7 0.0 -0.7 -1.0 -0.2 0.2

Mozambique 6.6 2.3 1.0 0.1 0.9 4.5 4.9 1.9 1.2 1.5 1.2 4.6 1.7 0.4 -0.2 -1.4 -0.3 -0.2

Nigeria 7.0 1.2 0.7 0.0 0.6 5.7 5.8 0.9 1.1 1.3 0.8 5.3 1.2 0.3 -0.4 -1.3 -0.2 0.3

Uganda 7.6 1.2 0.7 0.2 0.8 4.8 5.9 0.7 1.3 2.3 1.1 4.0 1.7 0.5 -0.6 -2.0 -0.3 0.8

Zambia 7.7 0.0 1.2 0.5 0.7 5.2 5.8 -1.0 2.4 2.6 1.1 4.4 1.9 1.0 -1.2 -2.1 -0.4 0.8

Group average 7.0 1.3 0.8 0.2 0.7 5.4 5.3 1.0 1.3 1.8 1.0 4.9 1.6 0.4 -0.5 -1.6 -0.3 0.5

Namibia 7.2 0.6 2.0 0.4 0.4 4.6 4.1 0.4 1.2 4.6 0.7 4.4 3.2 0.2 0.9 -4.2 -0.3 0.3

Group average 7.2 0.6 2.0 0.4 0.4 4.6 4.1 0.4 1.2 4.6 0.7 4.4 3.2 0.2 0.9 -4.2 -0.3 0.3

Madagascar 9.1 -0.4 1.1 0.2 0.7 4.5 4.1 1.2 2.2 2.7 1.7 3.4 5.0 -1.6 -1.1 -2.5 -1.0 1.1

Niger 9.1 -0.2 0.8 0.0 0.6 4.9 7.0 -0.3 2.1 1.5 0.8 4.3 2.2 0.2 -1.3 -1.4 -0.3 0.7

Rwanda 9.4 -3.2 2.7 0.7 0.6 5.0 6.8 -2.2 3.7 1.5 0.8 4.6 2.6 -0.9 -0.9 -0.8 -0.2 0.4

Zimbabwe 7.2 -0.3 1.6 1.7 0.9 4.3 4.0 -0.6 2.2 4.1 1.5 4.1 3.2 0.3 -0.6 -2.4 -0.7 0.2

Group average 8.7 -1.0 1.6 0.7 0.7 4.7 5.5 -0.5 2.6 2.4 1.2 4.1 3.2 -0.5 -1.0 -1.8 -0.5 0.6

Benin 8.0 0.7 0.5 0.2 0.6 5.3 4.7 1.9 1.4 1.7 1.2 4.4 3.3 -1.3 -0.8 -1.4 -0.6 0.8

Group average 8.0 0.7 0.5 0.2 0.6 5.3 4.7 1.9 1.4 1.7 1.2 4.4 3.3 -1.3 -0.8 -1.4 -0.6 0.8

Tanzania 8.1 -0.2 0.9 0.4 0.6 5.5 4.5 1.2 1.0 2.2 1.2 5.1 3.6 -1.5 -0.2 -1.9 -0.5 0.4

Groupaverage 8.1 -0.2 0.9 0.4 0.6 5.5 4.5 1.2 1.0 2.2 1.2 5.1 3.6 -1.5 -0.2 -1.9 -0.5 0.4

Totalaverage 7.7 0.3 1.2 0.3 0.7 5.1 5.2 0.6 1.8 2.1 1.1 4.6 2.6 -0.3 -0.6 -1.8 -0.4 0.5

Note:TFR= total fertility rate,R= residual,M = Cm marriageandexposureindex,C = Cccontraceptiveuseindex,A = Caabortionindex,I = Ci postpartum

infecundability index

https://doi.org/10.1371/journal.pone.0203344.t003
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For therichestwealthquintile in theearliestsurveyin Mozambique,theobservedtotal fer-
tility ratewas4.9.For thesewomen,postpartumabstinenceandamenorrheareducedthetotal
fertility rateby4.6from thebiologicalmaximumof 15.3.Abortion reducedthetotal fertility
rateby1.2.Contraceptiveusereducedthetotal fertility rateby1.5.Non-exposure(for exam-
ple,delayedmarriage)broughtfertility downbyafurther 1.2.Theunexplainedresidual
broughtfertility downby1.9.

In theearliestsurveyin Mozambique,therich (4.6)reliedon postpartuminfecundability
morethanthepoor (4.5)in reducingthetotal fertility ratefrom thebiologicalmaximum.The
rich (1.5)usedcontraceptionmorethanthepoor (0.1)to reducefertility from thebiological
maximum.Therich (1.2)alsosawnon-exposureto sexasadeterminantof their fertility rates
morethanthepoor (1.0).Theunexplainedresidualbroughtfertility downfrom thebiological
maximumfor both therich andpoor,but it waslargerfor thepoor (2.3)thantherich (1.9).

Table 4. Proximate determinants of fertility by wealth quintile, latest survey.

Poorest Richest Poorest—Richest

TFR R M C A I TFR R M C A I TFR R M C A I

BurkinaFaso 7.7 0.5 1.1 0.4 0.5 5.1 4.3 1.1 1.5 2.9 1.0 4.4 3.4 -0.6 -0.4 -2.5 -0.5 0.7

Coted'Ivoire 7.1 1.7 0.8 0.5 0.6 4.7 3.8 2.4 1.7 2.1 1.1 4.2 3.3 -0.7 -0.9 -1.7 -0.6 0.5

Ethiopia 7.7 -1.0 2.0 0.7 0.6 5.3 3.9 -0.8 2.6 3.9 1.4 4.3 3.8 -0.2 -0.6 -3.2 -0.8 1.0

Ghana 7.4 -0.3 1.8 0.6 0.5 5.2 3.2 1.6 2.9 2.5 1.4 3.7 4.2 -1.8 -1.1 -1.9 -0.9 1.5

Mali 7.4 2.0 0.6 0.2 0.6 4.5 5.5 1.4 1.6 2.0 0.8 4.0 2.0 0.6 -0.9 -1.8 -0.3 0.5

Senegal 8.2 0.0 1.0 0.7 0.5 5.0 4.8 -0.7 4.0 1.9 0.9 4.3 3.4 0.7 -3.0 -1.3 -0.4 0.6

Group average 7.6 0.5 1.2 0.5 0.5 5.0 4.2 0.8 2.4 2.6 1.1 4.2 3.3 -0.4 -1.2 -2.1 -0.6 0.8

Kenya 8.2 -1.6 2.3 0.9 0.7 4.8 4.0 0.1 2.0 3.7 1.4 4.1 4.2 -1.7 0.3 -2.8 -0.8 0.7

Malawi 7.9 -2.2 1.6 2.0 0.6 5.3 4.7 -0.8 1.9 3.8 1.2 4.4 3.2 -1.4 -0.3 -1.8 -0.5 0.9

Group average 8.0 -1.9 1.9 1.5 0.6 5.1 4.4 -0.3 1.9 3.8 1.3 4.3 3.7 -1.6 0.0 -2.3 -0.6 0.8

Cameroon 7.9 0.5 1.2 0.2 0.6 4.9 3.7 1.8 1.5 2.9 1.5 3.9 4.1 -1.2 -0.2 -2.8 -0.9 1.0

Guinea 6.9 1.4 0.7 0.1 0.5 5.8 4.1 1.4 1.8 1.3 0.8 6.0 2.8 0.0 -1.2 -1.2 -0.3 -0.2

Mozambique 8.1 0.0 1.3 0.2 0.6 5.1 3.8 1.5 1.2 2.4 1.3 5.1 4.3 -1.5 0.1 -2.2 -0.6 0.0

Nigeria 7.8 1.3 0.6 0.1 0.5 5.1 4.6 0.9 2.1 3.1 1.0 3.5 3.1 0.4 -1.5 -3.0 -0.5 1.6

Uganda 8.7 -1.4 1.5 0.7 0.6 5.2 5.1 -0.2 1.9 3.5 1.2 3.8 3.6 -1.2 -0.4 -2.8 -0.6 1.4

Zambia 8.4 -1.9 1.2 1.7 0.6 5.2 4.4 -1.3 2.6 4.0 1.3 4.2 4.0 -0.6 -1.3 -2.3 -0.7 1.0

Group average 7.9 0.0 1.1 0.5 0.6 5.2 4.3 0.7 1.8 2.9 1.2 4.4 3.6 -0.7 -0.8 -2.4 -0.6 0.8

Namibia 5.9 0.0 1.4 2.7 0.4 4.9 2.7 0.6 1.0 5.6 0.8 4.6 3.2 -0.6 0.4 -2.9 -0.4 0.2

Group average 5.9 0.0 1.4 2.7 0.4 4.9 2.7 0.6 1.0 5.6 0.8 4.6 3.2 -0.6 0.4 -2.9 -0.4 0.2

Madagascar 7.4 0.4 1.3 1.1 0.8 4.4 3.3 1.8 1.5 3.5 1.9 3.3 4.1 -1.5 -0.2 -2.4 -1.1 1.1

Niger 8.7 0.6 0.6 0.1 0.5 4.8 6.9 0.5 1.9 1.6 0.7 3.8 1.8 0.2 -1.3 -1.5 -0.2 1.0

Rwanda 7.5 -3.1 3.0 1.7 0.6 5.5 5.5 -2.7 3.9 3.5 1.1 4.0 1.9 -0.4 -0.9 -1.8 -0.4 1.6

Zimbabwe 5.7 0.1 1.4 2.4 0.9 4.8 3.4 -0.5 2.8 3.9 1.6 4.1 2.3 0.6 -1.4 -1.5 -0.7 0.7

Group average 7.3 -0.5 1.6 1.3 0.7 4.9 4.8 -0.2 2.5 3.1 1.3 3.8 2.5 -0.3 -1.0 -1.8 -0.6 1.1

Benin 6.9 1.0 1.1 0.3 0.5 5.5 4.7 1.7 2.2 1.7 1.0 4.0 2.2 -0.8 -1.1 -1.4 -0.5 1.5

Group average 6.9 1.0 1.1 0.3 0.5 5.5 4.7 1.7 2.2 1.7 1.0 4.0 2.2 -0.8 -1.1 -1.4 -0.5 1.5

Tanzania 7.6 -0.2 1.2 1.1 0.7 4.9 4.6 -0.1 1.9 3.7 1.3 4.0 3.0 0.0 -0.7 -2.6 -0.6 1.0

Group average 7.6 -0.2 1.2 1.1 0.7 4.9 4.6 -0.1 1.9 3.7 1.3 4.0 3.0 0.0 -0.7 -2.6 -0.6 1.0

Total average 7.6 -0.1 1.3 0.9 0.6 5.0 4.3 0.5 2.1 3.0 1.2 4.2 3.2 -0.6 -0.8 -2.1 -0.6 0.9

Note:TFR= total fertility rate,R= residual,M = Cm marriageandexposureindex,C = Cccontraceptiveuseindex,A = Caabortionindex,I = Ci postpartum

infecundability index

https://doi.org/10.1371/journal.pone.0203344.t004
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Latest survey. In thelatestsurveyfor Mozambique,Table4,theobservedtotal fertility
ratewentup for thepoorest(6.6to 8.1)andwentdownfor therichest(4.9to 3.8)±thegapin
thetotal fertility ratebetweenrich andpoorwidensdueto anincreasein fertility rateof the
poorest,combinedwith adecreasein thefertility rateof therichestovertime.

ForMozambique,not only did thetotal fertility rateof therichestandpoorestchangeover
time,but sotoo did theproximatedeterminantsof fertility.

Postpartuminfecundabilitybecameanincreasinglyimportant factorto bring downthe
total fertility ratefrom thebiologicalmaximumfor both therich (4.6to 5.1)andthepoor (4.5
to 5.1).Theinfluenceof contraceptiveusein reducingfertility from thebiologicalmaximum
increasedfor therich from 1.5to 2.4andfor thepoor from 0.1to 0.2.Theinfluenceof delayed
marriagedid not changefor therichest,remainingat1.2overtime,but increasedfor thepoor-
est(1.0to 1.3).

To summarize,postpartuminfecundabilitybecameimportant to both therich andthepoor
in Mozambique.Therich usedcontraceptionmuchmorethanthepoor.Therewaslittle
changeovertime in theforcesof delayedmarriagefor therich, but slightlypositivefor the
poor.

Inequality in the proximate determinants of fertility increasing or

decreasing over time, the case of Mozambique

In Table5,the��� betweenrich andpoor total fertility rate(Rodriguez)increasedfor Mozam-
biquebetweentheearliestandlatestsurveys.Thepoor reliedon delayedmarriagemorethan
therich did. However,therich utilizedcontraceptionmorethanthepoordid.

In Table5,weseethesummaryfor eachcountry�����	� �� ��	 ��� in total fertility rateand
�����	� �� ��� in theproximatedeterminantsof fertility. In thefirst column,for thetotal fertil-
ity rate(Rodriguez),anegativevalueindicatesthat thegapbetweenrichestandpooresttotal
fertility rateisclosing±declining inequalityin thetotal fertility ratebetweenrichestandpoor-
est.A positivevalueindicatesthat theinequalityin fertility betweenrichestandpoorestis
increasing.Mozambiquesawanincreasein thegapbetweenrichestandpooresttotal fertility
rateovertime of 2.5childrenperwoman±increasinginequality.

For theresidualR,anegativevalueindicatesthat theproximatedeterminanthasabigger
impacton observedfertility ratesfor therichestcomparedto thepoorest.A positivevalueindi-
catesthat theproximatedeterminanthasabiggerimpactovertime on observedfertility rates
for thepoorestcomparedto therichest.

Of the21countries,14countriessawtherichestrelyon delayedmarriageatanincreasing
ratecomparedto thepoorestin reducingfertility from thebiologicalmaximum.

Of the21countries,13countriessawtherich usecontraceptionatanincreasingratecom-
paredto thepoor in reducingfertility from thebiologicalmaximum.

Of the21countries,16countriessawthepoor relyon postpartuminfecundabilityatan
increasingraterelativeto therich in reducingfertility from thebiologicalmaximum.(The
poor reliedon postpartuminfecundabilityatanincreasingraterelativeto therich, andyetthe
poorstill fell behindin termsof total fertility rate).

Of the21countries,11countriessawtherich unexplainedresidualreducingfertility ata
greaterratethanthepoorest.

For14/21countries,thegapbetweenrichestandpooresttotal fertility increased(Burkina
Faso,Cameroon,Coted'Ivoire,Ethiopia,Ghana,Guinea,Kenya,Malawi,Mali, Mozambique,
Nigeria,Senegal,Uganda,andZambia).For thesecountries,therichestsawincreasesin con-
traceptiveuseandageof exposure(delayedmarriage)to agreaterextentthanthepoorest.This
putsmoredownwardpressureon thetotal fertility rateof therichestthanthepoorestthrough
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thesetwo proximatedeterminants.Moreover,for thisgroupon average,both thepoorestand
richestdecreasedtheir relianceon postpartuminfecundability(putting upwardpressureon
thetotal fertility rate).However,thisdecreasedrelianceon postpartuminfecundabilitydid not
offsettheroleof delayedmarriageandcontractionin decreasingthetotal fertility rate.The
pooralsoreducedtheir relianceon postpartuminfecundabilityby lessthantherichest.

For thegroupof countriesthatsawanincreasein fertility inequalitydueto therichest
decreasingin thetotal fertility ratewhile thepoorestincreasingtheir total fertility rate(the
only groupthatactuallysawthepoorestincreasein their total fertility rateovertime),delayed
marriageandcontraceptiveuseboth increasedin their role for therichestandpoorestputting
downwardpressureon total fertility ratefor bothwealthgroups.Theupwardpressureon total
fertility ratecreatedby increaseduseof postpartuminfecundabilityfor therichestandpoorest,
did not sufficientlyoffsettheroleof contraceptionanddelayedmarriageto causetheincrease

Table 5. Proximate determinants of fertility by wealth quintile, over time.

Latest Poorest–Earliest Poorest Latest Richest–Earliest Richest Latest (Poorest–Richest)–Earliest (Poorest–

Richest)

TFR R M C A I TFR R M C A I TFR R M C A I

BurkinaFaso -0.3 0.4 0.6 0.3 0.0 -1.1 -1.2 0.4 0.6 1.6 0.2 -1.6 0.9 0.0 0.1 -1.3 -0.2 0.5

Coted'Ivoire -0.2 0.1 0.2 0.3 -0.1 -0.4 -1.0 0.5 0.5 0.2 0.0 -0.3 0.8 -0.4 -0.4 0.1 -0.1 0.0

Ethiopia -0.1 0.9 -0.6 0.6 0.1 -0.8 -0.6 -0.3 -0.4 2.2 0.4 -1.3 0.5 1.1 -0.2 -1.6 -0.3 0.5

Ghana -0.2 -0.5 0.6 0.1 -0.2 0.2 -0.9 -0.4 1.3 0.5 0.1 -0.5 0.7 -0.1 -0.7 -0.4 -0.2 0.6

Mali -0.4 0.2 0.1 0.1 -0.2 0.1 -0.7 0.3 0.4 0.2 -0.1 0.0 0.3 -0.1 -0.3 -0.1 0.0 0.2

Senegal -0.1 0.0 0.1 0.6 -0.1 -0.6 -0.7 0.1 0.4 0.3 -0.1 -0.1 0.6 -0.1 -0.3 0.3 0.0 -0.5

Group Average -0.2 0.2 0.2 0.3 -0.1 -0.4 -0.8 0.1 0.5 0.8 0.1 -0.6 0.6 0.1 -0.3 -0.5 -0.1 0.2

Kenya 0.02 -1.0 0.9 0.2 0.0 -0.1 -0.4 -0.1 0.2 0.2 0.0 0.1 0.4 -0.9 0.7 0.0 0.0 -0.2

Malawi 0.03 -1.8 -0.6 1.5 -0.2 1.0 -1.7 -0.8 0.1 2.0 0.2 0.3 1.8 -1.0 -0.7 -0.5 -0.3 0.7

Group average 0.0 -1.4 0.2 0.9 -0.1 0.5 -1.1 -0.5 0.2 1.1 0.1 0.2 1.1 -0.9 0.0 -0.2 -0.2 0.3

Cameroon 1.43 -1.5 0.6 0.0 0.0 -0.6 -1.3 -0.2 0.8 0.9 0.5 -0.7 2.8 -1.2 -0.2 -0.9 -0.5 0.1

Guinea 0.45 0.0 0.2 0.0 0.1 -0.8 -0.6 0.0 0.6 0.3 0.2 -0.4 1.1 0.1 -0.4 -0.2 -0.1 -0.4

Mozambique 1.5 -2.2 0.3 0.1 -0.3 0.6 -1.0 -0.4 0.0 0.9 0.1 0.5 2.5 -1.9 0.3 -0.8 -0.4 0.2

Nigeria 0.73 0.1 -0.1 0.0 -0.1 -0.6 -1.2 0.0 1.0 1.8 0.2 -1.8 1.9 0.1 -1.1 -1.8 -0.4 1.2

Uganda 1.09 -2.6 0.8 0.5 -0.2 0.4 -0.8 -0.9 0.6 1.2 0.1 -0.3 1.9 -1.7 0.2 -0.8 -0.3 0.7

Zambia 0.71 -1.9 0.1 1.2 -0.1 0.0 -1.3 -0.3 0.2 1.4 0.3 -0.2 2.0 -1.6 -0.1 -0.1 -0.4 0.1

Group average 1.0 -1.3 0.3 0.3 -0.1 -0.2 -1.0 -0.3 0.5 1.1 0.2 -0.5 2.0 -1.0 -0.2 -0.8 -0.3 0.3

Namibia -1.3 -0.6 -0.6 2.3 0.0 0.2 -1.3 0.2 -0.2 0.9 0.1 0.2 0.0 -0.8 -0.4 1.3 -0.1 0.0

Group average -1.3 -0.6 -0.6 2.3 0.0 0.2 -1.3 0.2 -0.2 0.9 0.1 0.2 0.0 -0.8 -0.4 1.3 -0.1 0.0

Madagascar -1.7 0.7 0.1 0.9 0.1 -0.2 -0.8 0.6 -0.7 0.8 0.3 -0.2 -0.9 0.1 0.8 0.1 -0.1 0.0

Niger -0.4 0.8 -0.2 0.1 -0.1 -0.1 -0.1 0.8 -0.2 0.1 -0.1 -0.5 -0.3 0.0 0.0 0.0 0.0 0.3

Rwanda -1.9 0.1 0.3 1.0 0.0 0.5 -1.3 -0.4 0.2 1.9 0.2 -0.7 -0.7 0.5 0.1 -1.0 -0.2 1.2

Zimbabwe -1.4 0.4 -0.2 0.7 0.1 0.5 -0.6 0.1 0.6 -0.2 0.1 0.0 -0.9 0.3 -0.8 0.9 0.0 0.5

Group average -1.4 0.5 0.0 0.7 0.0 0.2 -0.7 0.3 0.0 0.7 0.1 -0.3 -0.7 0.2 0.0 0.0 -0.1 0.5

Benin -1.1 0.3 0.5 0.1 -0.1 0.3 0.0 -0.2 0.8 0.0 -0.2 -0.4 -1.1 0.5 -0.3 0.0 0.1 0.7

Group average -1.1 0.3 0.5 0.1 -0.1 0.3 0.0 -0.2 0.8 0.0 -0.2 -0.4 -1.1 0.5 -0.3 0.0 0.1 0.7

Tanzania -0.5 0.1 0.3 0.7 0.1 -0.6 0.1 -1.4 0.9 1.5 0.1 -1.2 -0.6 1.4 -0.6 -0.7 -0.1 0.6

Group average -0.5 0.1 0.3 0.7 0.1 -0.6 0.1 -1.4 0.9 1.5 0.1 -1.2 -0.6 1.4 -0.6 -0.7 -0.1 0.6

Total average -0.2 -0.4 0.2 0.5 -0.1 -0.1 -0.8 -0.1 0.4 0.9 0.1 -0.4 0.7 -0.3 -0.2 -0.3 -0.2 0.3

Note:TFR= total fertility rate,R= residual,M = Cm marriageandexposureindex,C = Cccontraceptiveuseindex,A = Caabortionindex,I = Ci postpartum

infecundability index

https://doi.org/10.1371/journal.pone.0203344.t005
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in total fertility ratefor thepoorest.In thiscase,it wastheroleof theresidual,whichsawtotal
fertility rateof thepoorestincrease,highlightingtheneedto discoverwhatthis residual
represents.

ForKenyaandMalawi,thesecountiesalsosawanincreasein theinequalitybetweenrichest
andpoorestfor thetotal fertility rates±drivenby therichestdecreasingin total fertility rate
while thepoorestremainedunchanged(rather,it wasaverysmallincrease)in their total fertil-
ity rateovertime.For thesetwo countries,therichestincreasedin their relianceon delayed
marriage.Thepoorestin Malawisawadecreasein ageof marriageor sexualdebutbetween
thelatestandearliestsurveys.Therichestandpoorestin bothcountriessawanincreasedrole
of contraceptiveuse;thiswasstrongerfor therichestin Malawi.In Kenya,thepoorestdecreas-
ingly reliedon postpartuminfecundability,while thepoorestandrichestin Malawiincreased
in their relianceon postpartuminfecundability.

ForNamibia,wheretherichestandpoorestdeclinedequallyin their total fertility rate,age
of marriage/exposureactuallydeclinedfor bothgroups(poorestmorethanrichest)putting
upwardpressureon total fertility rate.However,in Namibia,contraceptiveuseof thepoorest
increasedasarategreaterthantheincreasefor therichest.Thiscatch-upin contraceptiveuse
of thepoorestmeantthatboth therichestandpoorestsawequaldeclinein their total fertility
rates.

Forsixcountries,thegapbetweenrichestandpooresttotal fertility ratedecreased.For
Madagascar,Niger,Rwanda,andZimbabwe,�� ��	
��	 therewasno changein ageof mar-
riage,equalincreasein contraceptiveusebyrichestandpoorest,andastrongerroleof postpar-
tum infecundabilityfor thepoorestthantherichest.Postpartuminfecundabilityplayedthe
roleof closingthegapbetweenrichestandpooresttotal fertility rate.

ForBenin,therichestsawno declinein their total fertility ratewhile thepoorestsawa
declinein total fertility rate.Thegapbetweenrich andpoor total fertility ratenarrowed.For
thepooresttherewasincreasedrelianceon delayedmarriage,contraceptiveuse,andpostpar-
tum infecundability(andtheresidual),andthusall theproximatedeterminantsworkedto
decreasetotal fertility rateof thepoorest.However,therichestsawno changein their con-
traceptiveuse,adecliningdependenceon postpartuminfecundability(upwardpressureon
total fertility rate).Ageof marriage/exposureof therichestincreased(downwardpressureon
total fertility rate).

ForTanzania,wherethepoorestsawadecreasein their total fertility rateandtherichestan
increasein their total fertility rate(andanarrowingof thegapbetweenrichestandpoorest
total fertility rate),thiswasdrivenby theunknownresidualof therichest.

In summary,wecouldsaythat for thosecountriesthatsawanincreasein inequalityof fer-
tility rates,thepoorestweredecliningin their useof postpartuminfecundabilityanddid not
compensateor keepup with therichestin termsof contraceptiveuse.Trendsin increasingthe
ageof exposure/marriagealsolaggedfor thepoorest.

For thosecountriesthatsawadecreasein thegapbetweenrichestandpoorestin termsof
thetotal fertility rate,therewasanincreasedroleof postpartuminfecundabilityin reducing
fertility ratesfor thepoorest.Moreover,contraceptiveuseof thepoorestfor thesecountries
increasedandkeptpacewith therichest.Delayedmarriageplayedaminor (or non-existent)
role.

Discussion

To investigatewhyfertility inequalitychangeddifferentlyfor therichestandpoorestcountries,
weusedtheBongaarts'proximatedeterminantsof fertility model,in whichtheseproximate
determinantsof fertility directlydeterminethefertility rate.In thispaper,wefound that there
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wasincreasinginequalityin thefertility rateacrosswealthquintilesfor 14/21SSAcountries.
Weassumethat theproximatedeterminantsof thelevelsof fertility arealsotheproximate
determinantsof inequalityin fertility. Suchthat,inequalityin sexualexposure,inequalityin
contraceptiveuse,andinequalityin postpartuminfecundabilityleadto inequalityin fertility
rates.

Wefound that increasinginequalityin thetotal fertility ratewasdrivenbypositivetrends
in delayedmarriagefor therichestwealthquintile andmodestgainsin contraceptiveuseby
therichest.However,thepoorestdid not seethesegains,hencetherising inequalitythetotal
fertility ratebetweentherichestandpoorest.Rossieretal [24] havenotedthesmallerroleof
moderncontraceptiveusein determiningobservedfertility of thepoorest.ApplyingBon-
gaarts'model,andputting exposure,contraceptiveuse,abortion,postpartumabstinence,and
amenorrhea(breastfeeding)side-by-side,our descriptivedataanalysisalsohighlightsthemod-
estroleof moderncontraceptiveusein determiningobservedfertility of thepoorest.More-
over,thereisasignificantroleof delayedmarriagefor therichest,andpostpartum
infecundabilityfor thepoorestin determiningfertility rates.

Postpartuminfecundabilityhasplayedaverylargerole in reducingfertility ratesfor the
poorestwealthquintile (althoughgainswerenot enoughto seesignificantdeclininginequality
in fertility). Without this important mechanismof postpartuminfecundability,therewould
havebeenamuchgreaterdivergenceof thefertility ratebetweentherichestandpoorest.As
RossierandCorker[24] pointedout,naturalmethodsof fertility regulationplayanimportant
role in sub-SaharanAfrica,andin thispaperweshowthatpostpartumabstinenceandbreast-
feedingarevital methodsfor thepoorest,in particular,in regulatingfertility.

Researchtypicallyfocuseson theroleof earlymarriage(sexualexposure),contraceptive
accessanduse,andprogramsdesignedto fosterthesefertility regulatinginstruments[25].
However,in our applicationof Bongaarts'model,wedid not ignoretheroleof postpartum
infecundabilityand,indeed,weshowin thispaper,that it iscrucialin observingsomefertility
ratedeclinefor thepoor.

Moreover,throughthedescriptiveanalysisin thisstudy,wehavefound that theresidual
proximatedeterminantÐwhichisyetunknownÐhasplayedanincreasinglyimportant role in
howtherich moveawayfrom thepoor in termsof fertility decline.Furtherwork isneededto
fully understandwhattheresidualis.

Followingfrom theresultsof thisstudy,theimplicationsfor policyare:1) programstarget-
ing delayedmarriageneedto beinclusiveof thepoorestwealthquintile to ensurethat fertility
declinethroughthismechanismisexperiencedacrossthewealthspectrum;2) programspro-
moting contraceptiveusefor thepoorestwill helpwith anequaldeclinein thetotal fertility
rate;and,3) postpartuminfecundabilityisemployedveryeffectivelyby thepoor,andwhenit
ispromotedfor thepoor, it helpsclosethegapin total fertility rate.In fact,whenpostpartum
infecundabilityisde-emphasized,inequalityin total fertility rateincreases.

While somepreviousresearchdoesemphasizetheroleof postpartuminfecundabilityin fer-
tility regulationin poor resourcesettings[26,27],policiesthatdeemphasizepostpartuminfe-
cundability(including breastfeedingandlactationamenorrhea)in turn deemphasize
important fertility regulationmethodsthat thepoorestarealreadytrying to use.Effortsshould
bemadeto capitalizeon theseexistingtrendsby thepoorestquintile to fosterbreastfeeding
programsthatalreadywork well.This,of course,overlapswith thelargerdriving agendato
couplematernalhealth(andchild health)serviceswith reproductiveservicesat theclinic level.

In addition to thehigher-levellimitationsaddressedin theintroduction, therearelimita-
tionsto thisanalysisthatshouldberecognizedsothat interpretingtheresultscanbemade
with caution.Theresidualwasoftenhigh,andwedo not fully understandits composition.
Misreportingandpotentiallyunder-reportingof contraceptiveusewoulddownplaythe
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contribution of contraceptionto thedeterminationof theobservedtotal fertility rate.In addi-
tion, theabortionrateweusedwasfor theentireregionandwasnot countryandagespecific,
astheothercomponentswerecalculated.Thismeansthatour interpretationof abortionrates
wasnot specificto countriesor wealthquintiles.

Despitetheselimitations,thispaperhasshownthat inequalityin fertility is increasingin 14
out of the21samplecountries.Thisdivergencein fertility ratesbetweentherichestandpoor-
estwealthquintilesisdueto therichestwealthquintile'sfertility declineoutpacingthefertility
declineof thepoorestin 6/14countries,andthepoorestincreasingin their total fertility rate
comparedto declinesin therichestquintile in 6/14countries.Thefertility declineof therich-
estisdrivenbydelayedmarriageandmodestincreasesin contraceptiveuse.Likewise,for the
richest,postpartumabstinenceandpostpartumamenorrheaplayedadecreasingrole.How-
ever,for thepoorest,postpartumabstinenceandpostpartumamenorrheaplayedanincreas-
ingly important role in reducingfertility rates(althoughnot sufficientto reduceinequalityin
total fertility rates).

Without Bongaarts'proximatedeterminantsframework,thepolicyfocusison child mar-
riageandcontraceptiveaccessin completelydifferentfields.Thispaper,however,showsthat
naturalmethodsof fertility regulationareimportant in reducingfertility rates±especiallyfor
thepoor.Any programmaticor policyshift awayfrom thesenaturalmethodswill seean
increasein inequalityin fertility rates.
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