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Does Childbearing Affect Cognitive Health in Later Life? 
Evidence From an Instrumental Variable Approach

Eric Bonsang and Vegard Skirbekk

ABSTRACT Cognitive decline is a wide spread con cern as pop u la tions grow older. 
However, pop u la tion aging is partly driven by a decrease in fer til ity, and fam ily size 
may influ ence cog ni tive func tion ing in later life. Prior stud ies have shown that fer til
ity his tory is asso ci ated with latelife cog ni tion, but whether the rela tion ship is causal 
remains unclear. We use an instru men tal var i able approach and data from the Survey 
of Health, Ageing, and Retirement in Europe to exam ine whether hav ing three or more 
ver sus two chil dren affects latelife cog ni tion. Parents often pre fer to have at least one 
son and one daugh ter. We thus exploit the sex com po si tion of the first two chil dren as 
a source of exog e nous var i a tion in the prob a bil ity of hav ing three or more chil dren. 
Results indi cate that hav ing three or more ver sus two chil dren has a neg a tive effect on 
latelife cog ni tion. This effect is stron gest in Northern Europe, per haps because higher 
fer til ity decreases finan cial resources yet does not improve social resources in this 
region. Future stud ies should address the poten tial effects of child less ness or hav ing 
one child on latelife cog ni tion and explore the medi at ing mech a nisms.

KEYWORDS Cognitive func tion ing • Fertility • Aging • Instrumental var i ables

Introduction

Many stud ies have documented agerelated declines in impor tant com po nents of cog
ni tion, such as processing speed, work ing mem ory, longterm mem ory (Zeisel et al. 
2020), and par tic u larly epi sodic mem ory (Salthouse 2013). However, such declines 
vary greatly across indi vid u als and pop u la tion sub groups. Innate and genetic dif fer
ences, as well as vary ing life expe ri ences (e.g., edu ca tion, occu pa tion, par tic i pa tion 
in cog ni tively stim u lat ing activ i ties), con trib ute to dif fer ences in latelife cog ni tion. 
Identifying the fac tors that sup port opti mal latelife cog ni tion is crit i cally impor tant, 
given that cog ni tive health is highly related to qual ity of life, dis abil ity, pro duc tiv ity, 
and healthrelated expen di tures (Albert et al. 2002; Tabert et al. 2002). Moreover, 
the suc cess of many pol i cies designed to alle vi ate the costs of pop u la tion aging (e.g., 
rais ing retire ment ages, extending the period of inde pen dent liv ing) depends on the 
pop u la tion’s abil ity to main tain high cog ni tive func tion ing through out adult hood and 
into old age (Prince et al. 2015; Skirbekk et al. 2013).
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Recently, a num ber of stud ies have suggested that fam ily size is another fac tor 
related to latelife cog ni tion (e.g., Read and Grundy 2017 and Saenz et al. 2021). Some 
of them try to iso late the causal rela tion ship between the num ber of chil dren and late
life cog ni tion by sta tis ti cally con trol ling for socio eco nomic, health, and other char ac ter
is tics in stan dard regres sion mod els. For instance, Read and Grundy (2017) com pared 
indi vid u als aged 50 or older with no chil dren/one child, two chil dren, or three or more 
chil dren. They found that hav ing two chil dren as opposed to fewer or more chil dren 
was asso ci ated with bet ter cog ni tive func tion ing across a range of mea sures. However, 
the asso ci a tions between hav ing three or more chil dren and latelife cog ni tion gen er
ally weak ened or disappeared once they sta tis ti cally con trolled for indi vid u als’ socio
eco nomic and health char ac ter is tics. Their results sug gest that much of the appar ent 
rela tion ship between hav ing more than two chil dren and latelife cog ni tion is due to 
con found ers or selec tion effects.

From a meth od o log i cal stand point, sta tis ti cally con trol ling for poten tial con found
ers in a tra di tional regres sion model might make the poten tial causal effect of fer til ity 
on latelife cog ni tion some what more plau si ble. However, sta tis ti cally con trol ling for 
all  poten tial confounding fac tors is often unfea si ble, par tic u larly because many data 
sets lack infor ma tion about even the most rel e vant con found ers (e.g., paren tal pref er
ences, innate cog ni tion) or may mea sure such con found ers inad e quately. It is there
fore dif fi cult to dis en tan gle selec tion effects (i.e., the extent to which peo ple with 
higher fer til ity have char ac ter is tics that pre dis pose them to bet ter or worse latelife 
cog ni tion) from causal effects (i.e., the extent to which higher fer til ity causes var i a
tions in latelife cog ni tion) (Aaronson et al. 2014; Lovenheim and Mumford 2012; 
McCrary and Royer 2011; Monstad et al. 2008).

The instru men tal var i able (IV) approach offers a more strin gent way of estab
lishing cau sal ity. It entails using a source of var i a tion in the explan a tory var i able of 
inter est (in this case, the num ber of chil dren) that is related to the out come var i able of 
inter est (here, latelife cog ni tion) only through its effect on the explan a tory var i able. 
This method relies on a num ber of assump tions about the source of var i a tions, which 
we dis cuss later in the sec tion devoted to the empir i cal strat egy.

In the cur rent study, we use an IV approach and data from the Survey of Health, 
Ageing and Retirement in Europe (SHARE) to exam ine the extent to which hav
ing three or more chil dren ver sus two chil dren caus ally affects latelife cog ni tion. 
SHARE sur veys rep re sen ta tive sam ples of the older pop u la tions in 20 Euro pean 
countries and Israel, collecting exten sive infor ma tion on par tic i pants’ chil dren and 
obtaining objec tive cog ni tive test scores (BörschSupan et al. 2008). We exploit the 
sex com po si tion of par tic i pants’ first two chil dren (same or mixed sex) as a source 
of exog e nous var i a tion in the prob a bil ity of hav ing three or more chil dren. We can 
thereby esti mate the effect of sex com po si tion on latelife cog ni tion by using the 
twostage leastsquares (2SLS) esti ma tor and com pare the results of the IV and tra di
tional empir i cal approaches (e.g., the ordi nary leastsquares [OLS] esti ma tor). To our 
knowl edge, this is the first study to use an IV approach to study the causal effect of 
high fer til ity on latelife cog ni tion. Further, we explore whether the effect of hav ing 
three or more ver sus two chil dren varies across four Euro pean regions and exam ine 
the extent to which hav ing three or more ver sus two chil dren is related to latelife 
finan cial (net worth and house hold income) and social resources (the fre quency of 
con tact with chil dren).
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Our study also con trib utes more gen er ally to the lit er a ture on the effects of chil dren 
on oldage health. A large body of the lit er a ture inves ti gated the asso ci a tion between 
chil dren and laterlife health, but only a few stud ies addressed the issue of endogeneity 
regard ing fer til ity choice. To our knowl edge, only one study ana lyzed the effect of 
fer til ity on health out comes in old age. Kruk and Reinhold (2014) used the first three 
waves of SHARE to inves ti gate the effect of fam ily size on depres sion in old age using 
an IV strat egy based on mul ti ple births and sex com po si tion of the first two chil dren. 
They found no effect of addi tional chil dren on men’s men tal health but found that a 
third child can be det ri men tal to women’s men tal health. More pre cisely, the effect was 
sig nifi  cant when they used the mul ti ple births as an instru ment for hav ing more chil
dren con di tional on hav ing at least two chil dren but was not sig nifi  cant when they used 
the sex com po si tion of the first two chil dren as an instru ment. CáceresDelpiano and 
Simonsen (2012) used U.S. data to inves ti gate the effect of fer til ity on moth ers’ over
all wellbeing, includ ing health out comes, with mul ti ple births as a source of exog e
nous var i a tion. They found that this unex pected increase in fer til ity increased the risk 
of obe sity and high blood pres sure among women aged 20–45.

Fertility and Cognitive Functioning in Later Life

Fertility may affect latelife cog ni tion via sev eral path ways. First, hav ing an addi
tional child often incurs con sid er able finan cial costs, such as the costs of extra food, 
clothes, lei sure activ i ties, transportation, school ing, and a car with more space or a 
larger house (Bradbury 2008, 2014; Dey and Wasoff 2010). Moreover, hav ing an 
addi tional child reduces fam ily income and increases the like li hood of fall ing below 
the pov erty line (CáceresDelpiano and Simonsen 2012). Having an addi tional child 
can there fore decrease the stan dard of liv ing for all  fam ily mem bers and may cause 
finan cial worries and uncertainties, which could con trib ute to cog ni tive dete ri o ra tion 
(Mani et al. 2013).

Second, hav ing an addi tional child is caus ally related to women’s lower labor 
mar ket par tic i pa tion, fewer hours worked, and lower earn ings (Aaronson et al. 2021; 
Rosenzweig and Wolpin 1980; Vere 2011). The neg a tive effect is most evi dent when 
chil dren are young, although it grad u ally vanishes or even becomes pos i tive as chil
dren grow older (Cools et al. 2017). In turn, labor force par tic i pa tion (com pared with 
retire ment) pos i tively affects cog ni tive func tion ing among men and women ( Bonsang 
et al. 2012; Grotz et al. 2015; Rohwedder and Willis 2010).

Third, chil dren can rep re sent an impor tant social resource, par tic u larly in later 
life. Having chil dren decreases the risk of social iso la tion among older indi vid u als 
(Vlachantoni et al. 2015), which is a key risk fac tor for cog ni tive impair ment and 
demen tia (Ihle et al. 2018). Having more chil dren could raise the level of social inter
ac tion and sup port, which can be pro tec tive against cog ni tive decline at older ages 
(Ertel et al. 2008; Zunzunegui et al. 2003).

Finally, hav ing chil dren can be stress ful. Parents with more chil dren can expe ri
ence more stress, have less time to invest in cog ni tively stim u lat ing lei sure activ i ties, 
and have less time to relax. Too much stress can also affect health risk behav iors 
and adversely affect adult cog ni tive devel op ment (Aggarwal et al. 2014; Prenderville 
et al. 2015). Moreover, hav ing chil dren often implies sleep dep ri va tion for the  par ents 
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(CostaFont and Flèche 2020; Richter et al. 2019), poten tially lead ing to neg a tive 
longterm effects on cog ni tive func tion ing (Richter et al. 2019; Virta et al. 2013).

In sum, higher fer til ity likely has both pos i tive and neg a tive effects on latelife 
cog ni tion via its effects on finan cial and social resources, stress, and labor mar ket 
expe ri ences. It is dif fi cult to pre dict which of these mech a nisms might pre dom i nate 
or how these mech a nisms may inter act with one another. We also expect that the 
effect of hav ing more chil dren dif fers across countries char ac ter ized by vary ing insti
tu tional and cul tural back grounds.

Empirical Strategy

Estimation Method

The aim of the empir i cal anal y sis is to mea sure the effect of hav ing more than two 
chil dren (Cict) on the cog ni tive func tion ing of the par ent i liv ing in coun try c at time t 
(Yict). The equa tion to be esti mated is the fol low ing:

 Yict =β0 +β1Cict + X ′ictββ2 +αct + εict , (1)
where X ′ict  is a vec tor of con trol var i ables that are likely to be related to cog ni tive func
tion ing; β0, β1, and ββ2 are param e ters to be esti mated; αct are coun try–wave spe cific  
fixed effects; and εict  is the error term. Under the assump tion that the error term is  
uncor re lated with Cict and X ′ict , the param e ter of inter est (β1) can be esti mated by OLS.  
This assump tion is unlikely to hold in the pres ent con text. The deci sion to have more 
chil dren is clearly non ran dom and depends on sev eral unob served char ac ter is tics that 
are likely to be cor re lated with cog ni tive func tion ing in later life (e.g., child hood 
health, finan cial resources, labor mar ket oppor tu ni ties, innate cog ni tive and non cog
ni tive skills).

To iden tify the causal effect of hav ing more than two chil dren on the par ents’ 
cog ni tive func tion ing, we use an IV approach. Equation (1) is there fore esti mated by 
2SLS. The firststage equa tion is defined as fol lows:

 Cict = γ 0 + γ1Zict + X ′ict γγ 2 + τct + ηict ,  (2)
where Zict is the instru men tal var i able defined as a dummy var i able that is equal to 1 
if the first two chil dren have the same sex and 0 if they do not. We esti mate each of 
the two equa tions for the full sam ple and sep a rately for women and men. Given that 
our aim is to iden tify causal effects, we report unweighted esti ma tes (see Solon et al. 
2015). Because we have more than one obser va tion for many indi vid u als in the sam
ple, we report clus terrobust stan dard errors at the indi vid ual level.

Identification Strategy Assumptions

Given that we can not dis card the hypoth e sis of treat ment effect het ero ge ne ity (i.e., 
the effect of hav ing more than two chil dren on cog ni tion might dif fer across indi vid u
als), the 2SLS esti ma tor allows us to iden tify a local aver age treat ment effect (LATE), 
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979Does Childbearing Affect Cognitive Health in Later Life?

which is defined as the aver age treat ment effect of the com pli ers—that is, the sub pop
u la tion that reacts to the instru ment as intended. In such a set ting, the instru ment must 
meet four cri te ria (Imbens and Angrist 1994). First, the instru ment must be related to 
the prob a bil ity of hav ing more than two chil dren (the rel e vance assump tion). Second, 
it should be as good as ran domly assigned; that is, it should be inde pen dent of the 
poten tial out comes and poten tial treat ment assign ments (the inde pen dence assump
tion). Third, although the instru ment may have no effect on the prob a bil ity of hav ing 
more than two chil dren for some indi vid u als, all  those who are affected should be 
affected the same way (the mono to nic ity assump tion). Finally, the instru ment should 
affect cog ni tive func tion ing only through its impact on the prob a bil ity of hav ing more 
than two chil dren (the exclu sion restric tion assump tion).

In line with pre vi ous stud ies (e.g., Cools and Hart 2017; Kruk and Reinhold 2014), 
we argue that the sex com po si tion of the first two chil dren can be used as an instru
ment to esti mate the causal effect of hav ing more than two chil dren (instead of two). 
The sex com po si tion of the first two chil dren meets the rel e vance assump tion: par ents 
gen er ally pre fer to have at least one son and one daugh ter as opposed to two chil dren 
of the same sex (see, e.g., BenPorath and Welch 1976), and par ents who have either 
two daugh ters or two sons are more likely to have a third child than par ents who have 
one son and one daugh ter (e.g., Angrist and Evans 1998). The instru ment also meets 
the inde pen dence assump tion: the sex com po si tion of the first two chil dren is plau si
bly ran domly assigned, and there is no rea son to believe that the sex com po si tion of 
the first two chil dren would be related to any other char ac ter is tics related to latelife 
cog ni tion (e.g., innate abil ity, pref er ences).

For the sex com po si tion of the first two chil dren to meet the mono to nic ity assump
tion, there should not be any one who would pre fer to have more chil dren after hav ing 
one son and one daugh ter but not after hav ing two chil dren of the same sex. Although 
we can not rule out this pos si bil ity, de Chaisemartin (2017) showed that vio la tions of 
the mono to nic ity assump tion do not affect the results under either of two con di tions: 
(1) the LATEs of com pli ers (peo ple who react to the instru ment as expected) and 
defi ers (peo ple who react the oppo site way) do not dif fer too much; or (2) a sub group 
of com pli ers accounts for the same per cent age of the pop u la tion as the per cent age of 
defi ers and has the same LATE, in which case the 2SLS esti ma tor still allows iden ti
fi ca tion of a LATE.

Finally, to meet the exclu sion restric tion assump tion, the sex com po si tion of the 
first two chil dren should affect latelife cog ni tion only via its impact on fer til ity. As 
Angrist and Evans (1998) discussed, one poten tial threat to the exclu sion restric tion 
assump tion is that it is more likely to have two chil dren of the same sex when the first 
child is a boy, given the slightly higher like li hood of hav ing a boy than a girl ( Markle 
1974). Children’s sex, in turn, is related to their health out comes (MacLean et al. 
2013), par ents’ labor mar ket out comes (Lundberg and Rose 2002), and par ents’ prob
a bil ity of divorce (Dahl and Moretti 2008). The sex com po si tion of the first two chil
dren may there fore poten tially affect latelife cog ni tion through chan nels other than 
its impact on fer til ity. However, the poten tial cor re la tion between the sex com po si tion 
of the first two chil dren and chil dren’s sex can be eas ily addressed by using dummy 
var i ables to sta tis ti cally con trol for the sex of the first and sec ondborn chil dren.

As an addi tional check, we use two alter nate instru ments: a dummy var i able equal 
to 1 when the first two chil dren are girls and another dummy var i able equal to 1 when 
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the first two chil dren are boys. As Angrist and Evans (1998) explained, this alter na
tive iden ti fi ca tion strat egy allows us to per form an over iden ti fi ca tion test to check 
whether the chil dren’s sex might bias the results. The moti va tion for using this test is 
that the bias due to an effect of child sex on cog ni tive func tion ing should be dif fer ent 
according to the instru ment used (i.e., two sons vs. two daugh ters). The null hypoth e
sis of the over iden ti fi ca tion test is that the two sons and the two daugh ters instru ments 
pro duce the same esti ma tes when we use them sep a rately. For this test, we use the 
Hansen J sta tis tic, which is assumed to be dis trib uted as a chisquare with 1 degree of 
free dom under the null hypoth e sis.

The lit er a ture refers to two other poten tial threats to the exclu sion restric tion assump
tion. First, hav ing samesex chil dren might affect childrearing costs because, for exam
ple, par ents may pre fer that daugh ters and sons have sep a rate bed rooms. Rosenzweig 
and Wolpin (2000) found that hav ing mixedsex chil dren was asso ci ated with higher 
childrearing costs in rural India, but Bütikofer (2011) found no mean ing ful dif fer ences 
in richer countries, such as the United Kingdom, Switzerland, Mexico, Bulgaria, and 
Albania. The sex com po si tion of the first two chil dren is there fore unlikely to mean
ing fully affect childrearing costs in Europe, the focus of the cur rent study. Second, 
because par ents tend to pre fer hav ing at least one daugh ter and one son (which ensures 
the rel e vance of the instru ment), the sex com po si tion of the first two chil dren may affect 
the wellbeing of par ents who had two chil dren of the same sex but did not have more 
chil dren. In turn, lower wellbeing (e.g., depres sive symp toms) may affect latelife 
cog ni tion. Previous research, how ever, found no evi dence that the sex com po si tion of 
the first two chil dren is related to latelife depres sion (Kruk and Reinhold 2014), and 
depres sive symp toms do not always appear to be a risk fac tor for cog ni tive decline 
(Brailean et al. 2017).

In sum, the sex com po si tion of the first two chil dren is a rea son able instru ment for 
establishing the causal effect of hav ing three or more chil dren ver sus two chil dren on 
latelife cog ni tion.

As in any IV strat egy with het ero ge neous treat ment effects, our esti ma tion method 
cap tures effects on indi vid u als affected by the instru ment (Angrist et al. 1996), which 
has some impli ca tions for the exter nal validity of our esti ma tes. In our case, our method 
identifies the causal effect of a planned change in fer til ity for par ents who have pref
er ences for mixedsex off spring. Moreover, using the sex com po si tion of the first two 
chil dren as an instru ment means that the ana ly ses can not deter mine the causal effect 
of hav ing more chil dren at lower par i ties (e.g., hav ing one vs. no chil dren, hav ing 
a sec ond child) on latelife cog ni tion. Nevertheless, ana lyz ing the effect of hav ing 
three or more ver sus two chil dren is highly rel e vant in the Euro pean con text, given 
that much of the change in Euro pean fer til ity over the past decades has been due to 
a decrease in the pro por tion of peo ple hav ing three or more chil dren. Fertility ide als 
and inten tions in Europe have been declin ing, and more adults view two rather than 
three chil dren as ideal (Sobotka and Beaujouan 2014).

Regional Heterogeneity Analysis and Mechanisms

To exam ine poten tial het ero ge ne ity of the effect of fer til ity on cog ni tive func tion ing 
across the four Euro pean regions, we repeat the 2SLS regres sion ana ly ses sep a rately 

D
ow

nloaded from
 http://read.dukeupress.edu/dem

ography/article-pdf/59/3/975/1586359/975bonsang.pdf by guest on 16 M
arch 2023



981Does Childbearing Affect Cognitive Health in Later Life?

for each region. Because of sam ple size restric tions, we do not con duct sep a rate esti
ma tions for men and women.

We also explore the poten tial role of finan cial and social resources as mech a nisms 
linking higher fer til ity to latelife cog ni tion. We con duct 2SLS ana ly ses with high net 
worth, pov erty, and fre quency of con tact with chil dren as the out come var i ables for 
the full sam ple and sep a rately for each Euro pean region. Again, because of sam ple 
size restric tions, we do not con duct sep a rate esti ma tions for men and women in the 
regional ana ly ses.

Additional Robustness Checks

To test the robust ness of our results, we check whether our main results change when 
we use data on only those indi vid u als interviewed for either the first or last time; 
use the imme di ate recall, delayed recall, flu ency, and the serial sev ens test1 (that 
was avail  able only from Wave 4 onward) as sep a rate out come var i ables; use sam ple 
weights; and allow the effect of hav ing three or more chil dren to dif fer between men 
and women (i.e., a male × three or more chil dren inter ac tion) in the regional ana ly ses.

Data

Analytic Sample

The anal y sis is based on pooled data from SHARE Waves 1, 2, 4, 5, and 6. We 
exclude data from (1) Wave 3 because it was a ret ro spec tive sur vey with no rel e
vant data; (2) Israel because our focus is on Europe; and (3) Ireland because of its 
small sam ple size. Participants are from 19 Euro pean countries: Austria, Belgium, 
Croatia, Czech Republic, Denmark, Estonia, France, Germany, Greece, Hungary, 
Italy,  Luxembourg, the Netherlands, Poland, Portugal, Slovenia, Spain, Sweden, and 
 Switzerland. Data were col lected using a com puterassisted per sonal interviewing 
pro gram, supplemented by a selfcom ple tion paperandpen cil ques tion naire. For 
more details, see BörschSupan et al. (2008).

The ana lytic sam ple includes all  par tic i pants aged 65 or older (N = 127,036) who 
had only bio log i cal chil dren (N = 100,073) and at least two chil dren (N = 79,483). We 
exclude indi vid u als whose age at the first child’s birth was below the 0.5 per cen tile of 
the gen derspe cific dis tri bu tion and indi vid u als whose age at the sec ond child’s birth 
was above the 99.5 per cen tile of the gen derspe cific dis tri bu tion (leav ing N = 77,178). 
We exclude 478 par tic i pants who had miss ing val ues for one or more of the explan a
tory var i ables and 3,347 par tic i pants who had miss ing data on at least one cog ni tive 
mea sure. Thus, the final sam ple com prises 73,353 par tic i pants.

The level of miss ing data on the pre dic tor var i ables is low, but miss ing val ues on 
the cog ni tive data are more sub stan tial. Furthermore, miss ing cog ni tive scores are 

1 In the serial sev ens test, the respon dent is asked to sub tract 7 from 100 five con sec u tive times. This test is 
part of the MiniMental State Examination (MMSE) test, which has been widely used to mea sure cog ni tive 
impair ment (Folstein et al. 1975). The test score ranges from 0 to 5.
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982 E. Bonsang and V. Skirbekk

largely due to the use of proxy inter views, whereby an infor mant com pletes the ques
tion naire when ever the intended respon dent is too phys i cally or men tally impaired 
to com plete the inter view her or him self. The sys tem atic exclu sion of peo ple with 
lower phys i cal and men tal capac ity may there fore bias our results. To assess the 
poten tial for bias due to miss ing cog ni tive data, we com pare the char ac ter is tics of 
peo ple with miss ing cog ni tive test scores and peo ple with out miss ing data. Table A1 
in the online appen dix and the accom pa ny ing dis cus sion pres ent descrip tive sta tis tics 
for peo ple with and with out cog ni tive data and explain why miss ing cog ni tive data 
could bias the OLS esti ma tes but not the IV esti ma tes. Because we pool data from 
mul ti ple waves, some par tic i pants are observed more than once. We there fore also 
check whether the num ber of waves a per son par tic i pated in is asso ci ated with the sex 
com po si tion of the first two chil dren.

The Measures of Cognitive Functioning

SHARE includes five mea sures of cog ni tion: (1) imme di ate and delayed word recall, 
which mea sure epi sodic mem ory (i.e., mem ory of per sonal expe ri ences); (2) ver bal 
flu ency to mea sure exec u tive func tion ing, which reg u lates one’s thoughts and directs 
behav ior toward attaining a par tic u lar goal (see, e.g., Shao et al. 2014); (3) numer acy; 
(4) ori en ta tion in time; and (5) the serial sev ens test. The numer acy and ori en ta tion
intime tests were admin is tered only for indi vid u als who were interviewed for the 
first time, and the serial sev ens test was assessed only in Wave 4. We thus focus on 
the imme di ate recall, delayed recall, and ver bal flu ency mea sures. Episodic mem ory 
and exec u tive func tion ing are widely rec og nized to be sen si tive to cog ni tive aging 
(Souchay et al. 2000).

In the imme di ate and delayed recall tasks, the inter viewer recites 10 words. Par
ticipants are then asked to recite as many words as they can remem ber imme di ately 
(imme di ate recall) and once again after com plet ing the ver bal flu ency and numer acy 
tasks (delayed recall). For the flu ency task, respon dents are asked to name as many 
ani mals as pos si ble in one min ute. We use prin ci pal com po nents anal y sis to com bine 
the scores from the three tasks into a gen eral index of latelife cog ni tion, defined as 
the first prin ci pal com po nent. Before anal y sis, we nor mal ize scores so that the mean 
is 0 and the stan dard devi a tion is 1.

The Number of Children and the Instruments

Information on par tic i pants’ chil dren is based on par tic i pants’ first inter view. We cal
cu late the num ber of chil dren. We use chil dren’s birth years to iden tify the two oldest 
chil dren.2 The sex com po si tion of the first two chil dren is our main instru ment. We cre
ate a first two chil dren: same sex dummy var i able (1 = first two chil dren are of the same 
sex, and 0 = first two chil dren are of dif fer ent sexes). We cre ate four addi tional dummy 

2 The main results are sim i lar when we use the infor ma tion about fer til ity his tory from the SHARELIFE 
ques tion naire col lected in SHARE Waves 3 and 7. However, many SHARE respon dents did not par tic i pate 
in these spe cific sur veys, resulting in a 30% loss in sam ple size.
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var i ables to use as sta tis ti cal con trols and to test over iden ti fi ca tion (as described ear
lier): (1) first two chil dren: two sons; (2) first two chil dren: two daugh ters; (3) first born 
daugh ter; and (4) sec ond-born daugh ter (all  coded as 1 = yes, and 0 = no).

Sociodemographic Control Variables

Our model includes sev eral con trol var i ables. Although the inclu sion of con trol var
i ables should not affect the con sis tency of the 2SLS esti ma tes (because none of the 
var i ables are asso ci ated with our instru ment, as we will show later), it can help to 
improve the esti ma tes’ pre ci sion. We con trol for a cubic func tion of par tic i pants’ 
age to account for cog ni tive aging; we con trol for age at sec ond birth because it was 
(pos i tively) asso ci ated with latelife cog ni tion in a pre vi ous study (Read and Grundy 
2017). Age is mea sured in months (e.g., for an indi vid ual aged 70 years and two 
months, age = 70.1666). We also con trol for whether the respon dent was born abroad 
(1 = yes, and 0 = no) and for par tic i pant sex (1 = male, and 0 = female). We con trol for 
edu ca tion according to the ISCED1997 clas si fi ca tion (pri mary edu ca tion or less, 
sec ond ary edu ca tion, ter tiary edu ca tion, or miss ing). Individuals with miss ing edu ca
tional data account for 0.7% of the sam ple. To con trol for coun try–wave fixed effects, 
we cre ate one dummy var i able for each coun try–wave.

Financial and Social Resources

As described ear lier, higher fer til ity is likely to affect latelife cog ni tion via sev eral 
mech a nisms. Of the pre sumed mech a nisms, SHARE data include reli able indi ca tors 
for only finan cial and social resources. Detailed infor ma tion about respon dents’ work 
his to ries is avail  able in SHARELIFE, a ret ro spec tive sur vey included in Waves 3 and 
7. However, the ques tion naire was admin is tered to a much smaller and more selec tive 
sub sam ple of par tic i pants (as noted in foot note 2).

We used the fre quency of con tact with chil dren per month as an indi ca tor of par
tic i pants’ social resources. This mea sure is based on a ques tion asked for each child 
of the respon dent: “During the past twelve months, how often did you (or your hus
band/wife/part ner) have con tact with child name, either per sonal, by phone or mail?” 
For each of the six response options, we impute the num ber of con tacts per year: 
daily = 365; sev eral times per week = 156; about once per week = 52; about every two 
weeks = 26; about once per month = 12; less than once per month = 6; and never = 0. 
We then sum the total num ber of con tacts with each child and divide it by 12 to obtain 
the aver age num ber of con tacts with all  chil dren per month over the last 12 months.

We use house hold net worth and income as indi ca tors of par tic i pants’ finan cial 
resources. Household net worth cor re sponds to the sum of the house hold net finan cial 
assets (gross finan cial assets minus finan cial lia bil i ties) and house hold real assets. 
Household income is mea sured as the yearly total net house hold income. Household 
income pri mar ily reflects the amount of pen sion income. We use equiv a lent house
hold income by divid ing house hold income by the square root of house hold size. 
All amounts are mea sured in euros and are adjusted for pur chas ing power par ity and 
denominated in prices obtained in Germany in 2005.
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Household income and net worth were imputed for a sig nifi  cant pro por tion of respon
dents, which may decrease the accu racy of the results and bias the esti ma tes toward 0 
because the impu ta tion pro ce dure did not take the sex com po si tion of the chil dren into 
account (Bollinger and Hirsch 2006; Hirsch and Schumacher 2004). To min i mize bias 
due to impu ta tion and to decrease the influ ence of out li ers, we use the house hold income 
and net worth data to define two dichot o mous var i ables. First, we define a dichot o mous 
pov erty var i able, with 1 equal to equiv a lent house hold income below 60% of the coun try– 
wavespe cific median and 0 equal to equiv a lent house hold income at or above the 60% 
of the coun try–wavespe cific median (a com monly used defi  ni tion of pov erty; see, e.g., 
Filandri and Struffolino 2019). Second, we define a dichot o mous high net worth var i
able, with 1 representing net worth higher than the coun try–wavespe cific median and 0 
representing net worth below the coun try–wavespe cific median.

Results

Descriptive Statistics

Table 1 pres ents the descrip tive sta tis tics for the full ana lytic sam ple and sep a rately 
by the sex com po si tion of par tic i pants’ first two chil dren. As expected, peo ple whose 
first two chil dren are of the same sex have more chil dren than peo ple whose first two 
chil dren are of mixed sex (2.80 vs. 2.68 chil dren, respec tively); they are also more 
likely to have three or more chil dren rel a tive to their peers whose first two chil dren 
are of mixed sex (48% vs. 41%, respec tively). People whose first two chil dren are of 
the same sex also have worse latelife cog ni tion (com bined index), imme di ate recall, 
and flu ency; there are no sig nifi  cant dif fer ences with respect to delayed recall. Fur
ther, we find no other sta tis ti cally sig nifi  cant dif fer ences between the two groups of 
par ents. The descrip tive evi dence sug gests that the sex com po si tion of the first two 
chil dren is rel e vant and ran domly assigned and that hav ing three or more ver sus two 
chil dren is related to worse latelife cog ni tion.

First-Stage Results

Table 2 pres ents the firststage OLS esti ma tes of the effect of first hav ing two chil
dren of the same sex on hav ing three or more chil dren (vs. hav ing two chil dren). The 
results are presented for the full sam ple and for men and women sep a rately. Consis
tent with pre vi ous stud ies (Angrist and Evans 1998; Kruk and Reinhold 2014), the 
results con firm that par ents whose first two chil dren are of the same sex are seven 
per cent age points more likely to have three or more chil dren than other par ents. The 
effect is very sim i lar for men and women. The find ings do not dif fer by whether the 
first or sec ond child is a girl ver sus a boy or by whether the par ent first has two sons 
ver sus two daugh ters. It is worth not ing that the effect of first hav ing two daugh ters 
on hav ing three or more ver sus two chil dren is slightly larger than the effect of first 
hav ing two sons, suggesting a slight pref er ence for sons. However, the dif fer ence is 
not sta tis ti cally sig nifi  cant.
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Table 1 Descriptive sta tis tics of the full sam ple and by the sex com po si tion of the first two chil dren

First Two Children

Full Sample
(N = 73,353)

Mixed Sex
(N = 36,752)

Same Sex
(N = 36,601)

Difference
(p value)

Number of Children (mean) 2.74 2.68 2.80 .000
3+ Children (%) 44 41 48 .000
First Two Children (%)
 Same sex 50 0 100 .000
 Two sons 26 — 51 .000
 Two daugh ters 24 — 49 .000
Cognition (mean)
 Combined index 0.00 0.009 −0.009 .018
 Immediate recall 4.65 4.67 4.64 .016
 Delayed recall 3.17 3.18 3.16 .169
 Fluency 17.99 18.05 17.93 .025
Women (%) 56 56 55 .448
Age (mean) 74.27 74.31 74.24 .147
Age at Second Birth (mean) 29.45 29.48 29.43 .168
Born Abroad (%) 8 8 8 .321
Education (%)
 Primary or less 35 35 35 .677
 Secondary 45 45 44 .549
 Tertiary 20 20 20 .182
 Missing 1 1 1 .673

Note: The cog ni tive com bined index is based on a prin ci pal com po nents anal y sis of scores on the imme di
ate recall, delayed recall, and flu ency tasks.

Table 2 Results of the ordi nary leastsquares anal y sis of the effect of the sex com po si tion of the first  
two chil dren on the prob a bil ity of hav ing three or more ver sus two chil dren

Full Sample
(N = 73,353)

Women
(N = 40,722)

Men
(N = 32,631)

First Two Children
 Same sex .070*** .069*** .070***

(.006) (.007) (.008)
 Two sons .066*** .066*** .065***

(.010) (.010) (.012)
 Two daugh ters .073*** .072*** .074***

(.008) (.010) (.012)
Firstborn Daughter .008 .005 .013† .010 .003 –.002

(.006) (.008) (.007) (.010) (.008) (.012)
SecondBorn Daughter .003 .003 .004

(.006) (.007) (.008)
Difference, Two Sons Versus 

Two Daughters (p value)
.543 .674 .595

Notes: All mod els include sta tis ti cal con trols for coun try–wavespe cific fixed effects, a thirdorder poly
no mial in age, age at sec ond birth, born abroad, and edu ca tion. Clusterrobust stan dard errors (at the indi
vid ual level) are shown in paren the ses.
†p < .10; ***p < .001
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Results From the 2SLS Estimators

Table 3 pres ents the results of the OLS and 2SLS esti ma tes of the effect of hav ing three 
or more ver sus two chil dren on latelife cog ni tion, as well as the results of the endog
eneity and over iden ti fi ca tion tests. The first two col umns of Table 3 pres ent the OLS 
esti ma tes with out and with the inclu sion of the sociodemographic con trol var i ables, 
respec tively. The OLS esti ma tes indi cate that par ents who have three or more chil dren 
have worse latelife cog ni tion than par ents with just two chil dren.3 Controlling for par
tic i pants’ sociodemographic char ac ter is tics weak ens the asso ci a tion, but the effect of 
hav ing three or more ver sus two chil dren remains sig nifi  cantly dif fer ent from 0 at the 
0.1% level. Neither the sex of the first born child nor that of the sec ondborn child is 
related to latelife cog ni tion. The neg a tive asso ci a tion between hav ing three or more 
ver sus two chil dren and latelife cog ni tion is sim i lar for men and women.

The last two col umns of Table 3 pres ent the 2SLS esti ma tes, with first hav ing two 
chil dren of the same sex as one instru ment and first hav ing two sons or two daugh ters 
as sep a rate instru ments. In all  cases, the F tests of the excluded instru ment(s) con firm 
the results from Table 2: hav ing two chil dren of the same sex, hav ing two sons, and 
hav ing two daugh ters each strongly pre dicts the prob a bil ity of hav ing three or more 
chil dren. The F tests sug gest that the 2SLS esti ma tes are unlikely to suf fer from bias 
owing to weak instru ments. Table 3 also shows that the endogeneity tests4 reject the 
null hypoth e sis that the num ber of chil dren is exog e nous, jus ti fy ing the use of the 2SLS 
to esti mate the causal effect of hav ing three or more ver sus two chil dren on latelife 
cog ni tion. Furthermore, we con duct an over iden ti fi ca tion test (see Angrist and Evans 
1998) for which the null hypoth e sis is that the effect of hav ing more than two chil dren 
on cog ni tive func tion ing does not dif fer by whether the two sons instru ment ver sus 
the two daugh ters instru ment is used. The moti va tion for this test is that the bias due 
to an effect of child sex on cog ni tive func tion ing should dif fer according to the instru
ment used. To test the null hypoth e sis, we use the Hansen J sta tis tic, which is assumed 
to have a chisquare dis tri bu tion with 1 degree of free dom. The over iden ti fi ca tion  
matest does not reject the null hypoth e sis and sug gests that the esti mated effects are not 
sen si tive to whether the two first chil dren of the same sex are girls ver sus boys.

The results presented in the last two col umns of Table 3 clearly indi cate that hav
ing three or more ver sus two chil dren is det ri men tal for latelife cog ni tion, and the 
neg a tive cog ni tive effect is large in mag ni tude. Based on the esti mated impact of the 
con trol var i ables, the neg a tive effect is sim i lar to being 6.2 years older (for an indi
vid ual aged 74.3, the aver age age in our sam ple), or about 90% of the advan tage in 

3 A fol lowup anal y sis esti mat ing the same base line model that Read and Grundy (2017) used for England 
pro vi des com pa ra ble results. The esti mated coef fi cient for men is –.05 for par ents of three chil dren and –.11 
for par ents of more than three chil dren in Read and Grundy (2017), com pared with –.04 and –.14, respec
tively, when the model is esti mated with our data. For women, their esti ma tes are –.09 for par ents of three 
chil dren and –.21 for par ents of more than three chil dren, com pared with –.07 and –.16 when esti mated  
with our data.
4 The endogeneity test con sists of includ ing the resid u als of the firststage equa tion, Eq. (2), as addi tional 
regres sor in Eq. (1). Under the null hypoth e sis of exogeneity, the coef fi cient should not be sta tis ti cally 
dif fer ent from 0.
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latelife cognition asso ci ated with hav ing com pleted sec ond ary ver sus pri mary edu
ca tion.5 The impact is sim i lar for men and women.

The 2SLS esti ma tes of the effect of hav ing three or more chil dren are larger than 
the OLS esti ma tes, indi cat ing pos i tive selec tion of those hav ing more than two chil
dren. In other words, indi vid u als who have three or more ver sus two chil dren appear 
to have unob served char ac ter is tics that par tially pro tect them from the neg a tive impact 

5 These com par i sons are cal cu lated using the esti mated coef fi cients for age and level of edu ca tion.

Table 3 Results of the ordi nary leastsquares (OLS) and twostage leastsquares (2SLS) ana ly ses  
of the effect of hav ing three or more ver sus two chil dren on latelife cog ni tion

OLS 2SLS

Instrument(s) for 3+ Children — — Same sex Two sons,  
two daugh ters

Sociodemographic Control Variables No Yes Yes Yes
All (N = 73,353)
 3+ chil dren –.147*** –.049*** –.325** –.324**
 (.010) (.009) (.116) (.116)
 Firstborn daugh ter — .003 .005 .005
 (.008) (.008) (.008)
 Secondborn daugh ter — .002 .002 —
 (.008) (.008)
 F test of the excluded instru ment(s) — — 160.706 80.473
 Endogeneity test (p value) — — .015 .016
 Overidentification test (p value) — — — .786
Women (N = 40,722)
 3+ chil dren –.161*** –.052*** –.311* –.308†

 (.013) (.012) (.158) (.158)
 Firstborn daugh ter — .004 .007 .007
 (.011) (.011) (.011)
 Secondborn daugh ter — .004 .004 —
 (.011) (.011)
 F test of the excluded instru ment(s) — — 88.589 44.361
 Endogeneity test (p value) — — .096 .101
 Overidentification test (p value) — — — .698
Men (N = 32,631)
 3+ chil dren –.131*** –.048*** –.355* –.356*
 (.014) (.013) (.171) (.171)
 Firstborn daugh ter — .001 .001 .001
 (.012) (.012) (.012)
 Secondborn daugh ter — –.001 –.000 —
 (.012) (.012)
 F test of the excluded instru ment(s) — — 70.891 35.524
 Endogeneity test (p value) — — .064 .063
 Overidentification test (p value) — — — .979

Notes: All mod els include sta tis ti cal con trols for coun try–wavespe cific fixed effects, a thirdorder poly
no mial in age, age at sec ond birth, born abroad, and edu ca tion. Clusterrobust stan dard errors (at the indi
vid ual level) are shown in paren the ses.
†p < .10; *p < .05; **p < .01; ***p < .001
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of hav ing more chil dren on latelife cog ni tion. Nevertheless, the OLS esti ma tes are 
neg a tive, indi cat ing that the neg a tive causal effect still out weighs the selec tion effect. 
The dif fer ence between the OLS and 2SLS esti ma tes of hav ing three or more ver sus 
two chil dren may also be partly due to the sam ple selec tion bias of the OLS esti ma tor, 
as discussed in sec tion 1 of the online appen dix. The main results are highly sim i lar 
when we use each cog ni tive test score as a sep a rate depen dent var i able, weighted 
esti ma tes, or data from those indi vid u als interviewed for either the first or last time 
(see sec tions 2–4 of the online appen dix).

In fol lowup ana ly ses, we found some evi dence of pos i tive selec tion: indi vid u als 
who were in a house hold with 100+ books at age 10 were more likely to have three or 
more chil dren (p < .01; see sec tion 5 of the online appen dix). This result sug gests that 
indi vid u als who have more than two chil dren share other unob serv able char ac ter is
tics that are pos i tively cor re lated with cog ni tive func tion ing in later life.

Regional Heterogeneity

We now inves ti gate whether the effect of hav ing more than two chil dren on cog ni tive 
func tion ing in later life dif fers across Euro pean regions: Northern Europe (Denmark 
and Sweden), Western Europe (Austria, Belgium, France, Germany, Luxembourg, the 
Netherlands, and Switzerland), Eastern Europe (Czech Republic, Poland,  Hungary,  
Slovenia, Estonia, and Croatia), and Southern Europe (Italy, Spain, Portugal, and 
Greece). This aggre ga tion was used in ear lier stud ies (FernándezCarro and  Vlachantoni 
2019; JerezRoig et al. 2018; Nielsen et al. 2017). Table 4 pres ents the results from the 
2SLS ana ly ses of the effect of hav ing three or more ver sus two  chil dren on latelife 
cog ni tion for each of the four Euro pean regions. The firststage esti ma tes indi cate a 
pref er ence for mixedsex off spring in all  regions.

Given the smaller sam ple sizes, the esti mated effects of the 2SLS regional ana ly
ses are less pre cise than the ana ly ses based on the full sam ple. The esti mated effect of 
hav ing three or more ver sus two chil dren is neg a tive across each of the four regions, 

Table 4 Results of the twostage leastsquares ana ly ses of the effect of hav ing three or more ver sus two 
chil dren on latelife cog ni tion across four Euro pean regions

Northern 
Europe

Western 
Europe

Eastern 
Europe

Southern 
Europe

3+ Children –.781* –.269 –.211 –.204
(.344) (.228) (.201) (.194)

Endogeneity Test (p value) .01 .31 .48 .57
FirstStage Estimates (DV = 3+ chil dren)
 First two chil dren: Same sex .079*** .059*** .080*** .073***
 (.016) (.009) (.010) (.011)
 F test of the excluded instru ment 23.175 41.745 64.074 43.053
 N 9,419 29,460 17,110 17,364

Notes: All mod els include sta tis ti cal con trols for the coun try–wavespe cific fixed effects, a thirdorder  
poly no mial in age, age at sec ond birth, born abroad, and edu ca tion. DV = depen dent var i able. Clusterrobust 
stan dard errors (at the indi vid ual level) are shown in paren the ses.

*p < .05; ***p < .001
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but the effect is larger and is sig nifi  cantly dif fer ent from zero only in Northern Europe. 
The results there fore sug gest that hav ing three or more ver sus two chil dren is par tic
u larly det ri men tal for latelife cog ni tion in Northern Europe com pared with the other 
Euro pean regions. We find no evi dence that the effect of hav ing three or more ver sus 
two chil dren dif fers for men rel a tive to women (see sec tion 6 of the online appen dix).

In a fol lowup anal y sis based on data from only Western, Eastern, and Southern 
Europe, we found the neg a tive effect of three or more ver sus two chil dren on late
life cog ni tion to be sig nifi  cant at the 10% level (p = .079). Thus, although the effect 
appears to be more salient in Northern Europe, the esti mated over all cog ni tive effect 
of hav ing three or more ver sus two chil dren is not solely driven by the rela tion ship 
observed in this region.

Exploring the Potential Mechanisms

Table 5 pres ents the results of the 2SLS ana ly ses of the effect of hav ing three or 
more ver sus two chil dren on high net worth, pov erty, and fre quency of con tact 
with chil dren. Overall, hav ing three or more ver sus two chil dren decreases the 
prob a bil ity of hav ing high net worth, although the effect is sig nifi  cant at the 10% 
level, but does not sig nifi  cantly affect the prob a bil ity of pov erty. Having three or 

Table 5 Results of the twostage leastsquares anal y sis of the effect of hav ing three or more ver sus two 
chil dren on high net worth, pov erty, and con tact with chil dren across four Euro pean regions

All 
Countries

Northern 
Europe

Western 
Europe

Eastern 
Europe

Southern 
Europe

High Net Worth
 3+ chil dren –.142† –.458† –.234 .163 –.128
 (.083) (.248) (.166) (.135) (.157)
 Endogeneity test (p value) .112 .028 .134 .159 .622
 F test of the excluded instru ments 105.769 15.151 27.558 44.452 27.349
 N 73,353 9,419 29,460 17,110 17,364
Poverty
 3+ chil dren –.012 .157 –.054 –.025 –.047
 (.051) (.099) (.095) (.094) (.112)
 Endogeneity test (p value) .305 .141 .362 .430 .354
 F test of the excluded instru ments 99.646 17.795 26.983 37.732 24.283
 N 73,353 9,419 29,460 17,110 17,364
Frequency of Contact With Children
 3+ chil dren 24.530*** 10.973 24.987*** 22.060*** 36.705***
 (3.612) (6.726) (6.858) (5.680) (8.332)
 Endogeneity test (p value) .036 .870 .084 .269 .338
 F test of the excluded instru ments 156.392 22.835 40.807 63.803 40.577
 N 72,160 9,385 29,203 16,849 16,723

Notes: All mod els include sta tis ti cal con trols for coun try–wavespe cific fixed effects, a thirdorder poly no
mial in age, age at sec ond birth, born abroad (dummy var i able), and edu ca tion. High net worth refers to net 
worth above the coun try–wave median. Poverty refers to income below 60% of the coun try–wave median. 
Clusterrobust stan dard errors (at the house hold level for income and net worth and at the indi vid ual level 
for fre quency of con tact with chil dren) are shown in paren the ses.
†p < .10; ***p < .001
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more ver sus two chil dren also increases the fre quency of con tact with chil dren—
an effect that is sig nifi  cant at the 0.1% level.

However, the results also indi cate that hav ing three or more ver sus two chil dren 
has dif fer ent con se quences for finan cial and social resources across the four Euro pean 
regions. Namely, hav ing three or more ver sus two chil dren decreases the prob a bil ity 
of hav ing high net worth in Northern Europe (p < .10), whereas no effect is evi dent 
in the other Euro pean regions. Similarly, we find some sug ges tion that hav ing three 
or more ver sus two chil dren increases the like li hood of latelife pov erty in Northern 
Europe (a non sig nifi  cant find ing; p = .112) but decreases the like li hood of latelife 
pov erty else where. Because our mea sure of pov erty pri mar ily reflects the amount of 
pen sion income received, the trend may reflect that hav ing three or more ver sus two 
chil dren has a more neg a tive impact on life time earn ings in Northern Europe. Having 
three or more ver sus two chil dren is asso ci ated with more con tact with chil dren in 
Eastern, Western, and espe cially Southern Europe, but not in Northern Europe.

Together, the results of the effect of hav ing three or more ver sus two chil dren on 
latelife finan cial and social resources sug gest that the effect of hav ing more than 
two chil dren is par tic u larly det ri men tal for latelife cog ni tion for par ents in Northern 
Europe because higher fer til ity more neg a tively affects their finan cial resources but 
does not improve their social resources. However, in the absence of medi a tion ana ly
ses, this con clu sion remains highly ten ta tive.

Discussion and Conclusion

Understanding the fac tors that con trib ute to opti mal latelife cog ni tion is essen tial for 
ensur ing suc cess ful aging at the indi vid ual and soci e tal lev els—par tic u larly in Europe, 
where family sizes have shrunk and pop u la tions are aging rap idly. For indi vid u als, late
life cog ni tive health is essen tial for maintaining inde pen dence and being socially active 
and pro duc tive in late life; stud ies have linked cog ni tive health with qual ity of life, dis
abil ity, and healthrelated expen di tures and care needs (Albert et al. 2002; Tabert et al. 
2002). For soci e ties, ensur ing the cog ni tive health of the older pop u la tion is essen tial 
for extending work lives and reduc ing health care costs and care needs.

Compared with other fac tors, such as edu ca tion or occu pa tion, fer til ity has not 
received much atten tion as a poten tial pre dic tor of latelife cog ni tion. Fertility may 
affect latelife cog ni tion via sev eral mech a nisms, includ ing finan cial and social 
resources, labor mar ket expe ri ences, and stress. Previous stud ies have suggested that 
higher fer til ity is related to worse latelife cog ni tion (e.g., Read and Grundy 2017). 
However, evi dence of a causal effect has been lacking.

To the best of our knowl edge, our study is the first to dem on strate a causal effect 
of higher fer til ity on latelife cog ni tion. Using an IV approach, we found that hav ing 
three or more ver sus two chil dren causes worse latelife cog ni tion in Europe for both 
men and women. The neg a tive effect of hav ing three or more ver sus two chil dren 
is large in mag ni tude, equiv a lent in our sam ple to being 6.2 years older and nearly 
the same as the cog ni tive advan tage asso ci ated with hav ing com pleted sec ond ary 
ver sus pri mary edu ca tion. Our results sug gest that the decrease in the pro por tion 
of  Euro pe ans hav ing three or more chil dren may have pos i tive impli ca tions for the 
cog ni tive health of the older pop u la tion. Given the mag ni tude of the effect, future 
stud ies on latelife cog ni tion should also exam ine fer til ity as a pre dic tor along side 
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more  com monly researched pre dic tors, such as edu ca tion, occu pa tional expe ri ences, 
phys i cal exer cise, and men tal and phys i cal health. We also need more infor ma tion on 
the types of inter ac tions, sup ports, and con flicts that occur between par ents and chil
dren, which may influ ence cog ni tive out comes.

We found evi dence that the neg a tive cog ni tive effect of hav ing three or more 
ver sus two chil dren was larg est in Northern Europe rel a tive to the other Euro pean 
regions. Although stan dards of liv ing in the Nor dic countries are very high, so are 
costs. Estimates based on pur chas ing power par i ties sug gest that the prices of goods 
and ser vices are up to three times higher in the Nor dic than in other Euro pean coun
tries (Eurostat 2020). Housing costs in the Nor dic countries are also among the high
est in the world (Bengtsson et al. 2017). Having a third child in Northern Europe 
may there fore incur more finan cial costs (and poten tially higher finan cial stress) than 
in many other regions. Moreover, the expec ta tion that chil dren should care for their 
aging par ents may be lower in Northern Europe, where insti tu tions are expected to 
pro vide sup port (Marckmann 2017).

Future research should address what the cur rent study has not been  able to ana
lyze. First, we exam ined the aver age effect of hav ing three or more ver sus two chil
dren on latelife cog ni tion for indi vid u als affected by the instru ment (i.e., the sex of 
the first two chil dren). It is plau si ble, how ever, that some par ents or sub pop u la tions 
will not have a pref er ence for mixedsex off spring, which has impli ca tions for the 
exter nal validity of our results.

Our research focuses only on the tran si tion from two to three or more chil dren. 
Future stud ies should inves ti gate the effects of hav ing an addi tional child at lower par i
ties (the tran si tion to first and sec ond births), which may dif fer from the effect of hav ing 
three or more ver sus two chil dren. Read and Grundy (2017) esti mated the asso ci a tion 
between the num ber of chil dren and cog ni tive func tion ing in later life and found that 
being child less (com pared to hav ing two chil dren) is related to worse latelife cog
ni tion for women. They argue that hav ing chil dren pro vi des a source of inter ac tions 
and pro motes social activ i ties that are asso ci ated with bet ter cog ni tive func tion ing. 
However, other aspects of child less ness could have pos i tive con se quences for latelife 
cog ni tive func tion ing by pos ing fewer finan cial and time con straints dur ing adult hood 
rel a tive to hav ing chil dren. Following delayed and post poned fer til ity, more  Euro pe ans 
are remaining child less (par tic u larly in Central, Northern, and Western Europe) or 
 hav ing only one child (par tic u larly in Eastern Europe). Understanding the effects of 
transitioning to par ent hood or to a sec ond child is there fore of increas ing impor tance in 
the Euro pean con text (Kreyenfeld and Konietzka 2017; Zeman et al. 2018).

Our results also pro vide the first evi dence that hav ing three or more ver sus two 
chil dren may affect latelife cog ni tion by affect ing par ents’ latelife finan cial and 
social resources. However, the evi dence is only sug ges tive; meth od o log i cal prob lems 
and data lim i ta tions made it impos si ble to con duct a for mal medi a tion anal y sis. Future 
stud ies should exam ine other poten tial medi a tors (e.g., stress, emo tional sup port) and 
test medi a tion more strin gently. Future research should also exam ine the effect of 
higher fer til ity on cog ni tive change as opposed to latelife cog ni tion at a sin gle point 
in time, given that pre dic tors of decline may dif fer from pre dic tors of change. ■
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