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ABSTRACT The rela tion ship between birth inter val length and child out comes has 
received increased atten tion in recent years, but few stud ies have exam ined off
spring out comes across the life course in North America. We use data from the Utah 
Population Database to exam ine the rela tion ship between birth inter vals and short and 
longterm out comes: pre term birth, low birth weight (LBW), infant mor tal ity, col lege 
degree attain ment, occu pa tional sta tus, and adult mor tal ity. Using lin ear regres sion, 
lin ear prob a bil ity mod els, and sur vival anal y sis, we com pare results from mod els with 
and with out sib ling com par i sons. Children born after a birth inter val of 9–12 months 
have a higher prob a bil ity of LBW, pre term birth, and infant mor tal ity both with and 
with out sib ling com par i sons; lon ger inter vals are asso ci ated with a lower prob a bil ity 
of these out comes. Short inter vals before the birth of the next youn gest sib ling are also 
asso ci ated with LBW, pre term birth, and infant mor tal ity both with and with out sib ling 
com par i sons. This pat tern raises con cerns that the sib ling com par i son mod els do not 
fully adjust for withinfam ily fac tors predicting both spac ing and peri na tal out comes. 
In sib ling com par i son ana ly ses con sid er ing longterm out comes, not even the very 
shortest birth inter vals are neg a tively asso ci ated with edu ca tional or occu pa tional out
comes or with long-term mor tal ity. These find ings sug gest that extremely short birth 
inter vals may increase the prob a bil ity of poor peri na tal out comes but that any such 
dis ad van tages dis ap pear over the extended life course.

KEYWORDS Birth spac ing • Sibling fixed effects • Perinatal health • Mortality •  
Socioeconomic attain ment

Introduction

Birth tim ing and spac ing are of core inter est to demog ra phers, and many research ers 
have exam ined whether the spac ing between sib lings has con se quences for a child’s 
health and devel op ment. Defining birth spac ing as the time in months between two 
live births, we exam ine the length of the birth inter vals pre ced ing and fol low ing the 
index per son. Research has long exam ined how spac ing is related to infant and child 
mor tal ity in his tor i cal con texts and con tem po rary low and mid dleincome countries 
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(Bean et al. 1992; CondeAgudelo et al. 2006; Lynch and Greenhouse 1994;  Molitoris 
2017; Molitoris et al. 2019). Many stud ies have also exam ined whether birth spac ing 
is asso ci ated with peri na tal out comes, such as low birth weight (LBW), and long
term edu ca tional and socio eco nomic out comes in highincome countries (Ball et al. 
2014; Barclay and Kolk 2017; Buckles and Munnich 2012; Powell and Steelman 
1990). Recent years have seen a resur gence of inter est in this topic as research ers 
began to use instru men tal var i ables and fixed effects to iso late the net effect of birth 
spac ing on child out comes. The prevailing con sen sus that short pre ced ing birth inter
vals have a neg a tive effect on off spring out comes in highincome countries has been 
called into ques tion by a series of stud ies reporting null asso ci a tions after adjusting 
for unob served confounding (e.g., see Ahrens, Hutcheon et al. 2019; Ball et al. 2014; 
Barclay and Kolk 2017, 2018; Hanley et al. 2017). Some stud ies have also suggested 
that short sub se quent birth inter vals are not asso ci ated with poor out comes either 
(Barclay and Kolk 2017, 2018).

One chal lenge in draw ing con clu sions from the lit er a ture on the asso ci a tion 
between birth inter vals and off spring out comes is uncer tainty about the rel a tive 
impor tance of the social and pub lic health con text, the appli ca tion of dif fer ent sta tis
ti cal meth ods, and the occa sional lack of care ful dis tinc tion between pre ced ing and 
sub se quent birth inter val length. For exam ple, there is no asso ci a tion between either 
the pre ced ing or the sub se quent birth inter val length and edu ca tional out comes in 
Sweden (Barclay and Kolk 2017), but short sub se quent birth inter vals are asso ci ated 
with worse edu ca tional out comes in the United States (Buckles and Munnich 2012). 
However, the extent to which these dif fer ent pat terns can be explained by con sid er
able dif fer ences between the Swed ish and Amer i can wel fare and health care sys tems 
or by dif fer ent research designs remains unclear.

The goal of this study is to exam ine whether birth inter vals are asso ci ated with 
off spring out comes in the short and long term in the United States when using a 
pop u la tionbased data set and apply ing sta tis ti cal meth ods that com pare sib lings 
to reduce resid ual confounding. We use data from the Utah Population Database to 
exam ine the asso ci a tion between the birth inter val lengths pre ced ing and fol low ing 
the index per son and off spring out comes over the life course. We find that very short 
pre ced ing birth inter vals are strongly asso ci ated with the prob a bil ity of LBW, very 
LBW, extremely LBW, pre term birth, very pre term birth, extremely pre term birth, 
and infant mor tal ity. However, very short sub se quent birth inter vals are also asso
ci ated with all  degrees of LBW and pre term birth. This pat tern raises con cerns that 
sib ling com par i son mod els do not fully adjust for withinfam ily fac tors predicting 
both spac ing and peri na tal out comes. In fur ther ana ly ses, we find that any poten tial 
neg a tive effects of birth spac ing dis ap pear over the long term: after account ing for 
unob served dif fer ences between fam i lies, we find no dis ad van tages in col lege degree 
attain ment, occu pa tional sta tus, or adult mor tal ity for those born before or after even 
very short birth inter vals.

Previous Research on Birth Spacing and Perinatal Outcomes in High-Income Countries

Until recently, research had con sis tently shown that espe cially short and espe cially 
long birth inter vals were asso ci ated with poor peri na tal out comes. A metaanal y sis of 
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67 stud ies published up to 2006 showed a Jshaped curve in the rela tion ship between 
pre ced ing birth inter val length and peri na tal and child health out comes: interpreg
nancy inter vals (IPIs) shorter than 18 months and those lon ger than 59 months were 
sig nifi  cantly asso ci ated with poor peri na tal out comes (Conde-Agudelo et al. 2006). 
On the basis of this evi dence, the World Health Organization (WHO) recommended 
that women avoid preg nancy until at least 24 months after the birth of the pre vi
ous child (WHO 2007). The Amer i can College of Obstetricians and Gynecologists 
(ACOG) recommended an IPI of at least six months (ACOG 2019). Still, research 
sug gests that many pro spec tive moth ers do not recall ever hav ing been advised about 
IPI length and are unaware of the poten tial impor tance of IPIs for preg nancy out
comes (Yang et al. 2019).

In 2014, a study using Aus tra lian data and sib ling fixed effects to study the rela-
tion ship between interpregnancy inter vals and the prob a bil ity of poor peri na tal out
comes shook the longheld con sen sus about the neg a tive effects of short pre ced ing 
birth inter vals (Ball et al. 2014). The Ball et al. (2014) study com pared sib lings born 
to the same mother to hold con stant unob served fac tors shared by sib lings that are 
cor re lated with pre ced ing birth inter val length and with peri na tal out comes. They 
found that the asso ci a tion between short pre ced ing IPIs (0–5 months) and pre term 
birth, LBW, and being small for ges ta tional age (SGA) declined to almost zero after 
they adjusted for unob served het ero ge ne ity at the mater nal level. These results sug
gest that pre ced ing birth inter val length may not have a causal effect on the risk of 
poor peri na tal out comes and that the longdocumented asso ci a tion might result from 
omit ted var i able bias. Birth inter vals are not ran domly dis trib uted across fam i lies, 
and chil dren born after short birth inter vals might be more likely to be born to moth
ers with worse health, for exam ple.

This sur pris ing find ing trig gered sev eral fol low-up stud ies using the same research 
design. Using data from Canada, Hanley et al. (2017) reached the same con clu sions 
as Ball et al. (2014). Studies using data from Sweden also found that short pre ced ing 
IPIs were not asso ci ated with the risk of LBW or SGA when they used a fixed-effects 
anal y sis (Barclay et al. 2020; Class et al. 2017). However, some fol lowup stud ies 
reached dif fer ent con clu sions, par tic u larly when exam in ing pre term birth. Studies 
using data from the United States (Lonhart et al. 2019; Mayo et al. 2017; Shachar 
et al. 2016) found that short pre ced ing IPIs (var i ously defined as 0–5 months or 0–18 
months) are asso ci ated with the risk of pre term birth even when com par ing sib lings 
born to the same mother, as has research using data from Sweden (Class et al. 2017) 
and the Netherlands (Koullali et al. 2017); the lat ter study, though, con di tioned on 
the mother hav ing had a pre term birth at par ity 1. A recent review of the evi dence 
for high-income countries con cluded that the find ings are mixed, requir ing fur ther 
research that care fully con sid ers poten tial confounding (Ahrens, Nelson et al. 2019).

Previous Research on Birth Spacing and Long-Term Outcomes in High-Income Countries

In com par i son to the voluminous lit er a ture on birth spac ing and peri na tal out comes, 
there is far less research on the longterm con se quences of birth inter vals (Steelman 
et al. 2002). Research using stan dard regres sion approaches has con sis tently found 
that short birth spac ing and higher over all sib ling den sity are asso ci ated with worse 
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longterm out comes, such as lower test scores or a lower like li hood of mak ing edu
ca tional tran si tions (Dandes and Dow 1969; Pfouts 1980; Powell and Steelman 1990, 
1993). Recent stud ies that have attempted to iden tify the net effect of birth spac ing 
on edu ca tional and cog ni tive out comes using instru men tal var i ables and sib ling fixed 
effects have, how ever, come to dif fer ing con clu sions.

Using data from the National Longitudinal Survey of Youth, Buckles and 
 Munnich (2012) employed mis car riage as an instru ment for birth spac ing (a mis car
riage induces a lon ger birth inter val than would oth er wise be expected) and found 
that a 12month increase in spac ing increased test scores for the older sib ling in a 
sib ling pair by approx i ma tely 0.17 stan dard devi a tions; birth spac ing of less than 
two years neg a tively affected both math and read ing scores. However, they did not 
find that spac ing affected the youn ger sib ling of the pair. Using Swed ish pop u la-
tion data,  PetterssonLidbom and Skogman Thoursie (2009) lev er aged a 1980 pol icy 
reform that encour aged women to have shorter birth inter vals to increase the value 
of their paren tal leave ben e fits as an instru ment for birth inter val length. They found 
that lon ger birth inter vals were asso ci ated with a higher prob a bil ity of com plet ing 
the aca demic track of upper sec ond ary edu ca tion. A onemonth decrease in spac
ing decreased the prob a bil ity of this spe cific edu ca tional out come by 2 per cent age 
points—an enor mous effect if extrap o lated to lon ger inter vals.

Nguyen (2014: chap ter 4), using data on 800 sib ling pairs from the National Lon
gitudinal Study of Adolescent to Adult Health (Add Health), found that the length 
of pre ced ing birth inter vals was no lon ger asso ci ated with test scores, edu ca tional 
attain ment, or earn ings after apply ing the sib ling com par i son design. Other stud ies 
apply ing sib ling com par i sons to Swed ish pop u la tion reg is ter data found that nei
ther pre ced ing nor sub se quent birth inter val length was sub stan tively or sig nifi  cantly 
asso ci ated with high school grade point aver age, cog ni tive scores, edu ca tional attain
ment, earn ings, unem ploy ment, receiv ing wel fare sup port, or mul ti ple dimen sions 
of health and mor tal ity (Barclay and Kolk 2017, 2018). A study by Grätz (2018) 
reported that birth spac ing has no effect on cog ni tive scores or upper sec ond ary 
atten dance ( Gymnasium) in Germany after apply ing sib ling fixed effects, but these 
ana ly ses aver aged the pre ced ing and sub se quent birth inter val lengths, poten tially 
obscur ing a neg a tive effect spe cific to either inter val length.

It is cer tainly pos si ble that birth spac ing could affect longterm out comes in the 
United States. Research on the link between the length of pre ced ing IPIs and peri
na tal out comes sug gests an asso ci a tion in the United States (Lonhart et al. 2019; 
Mayo et al. 2017; Shachar et al. 2016), and a large body of lit er a ture shows that pre
term birth and LBW are asso ci ated with lower test scores and lower edu ca tional and 
socio eco nomic attain ment (BaranowskaRataj et al. 2019; Behrman and Rosenzweig 
2004; Black et al. 2007; Conley and Bennett 2000; D’Onofrio et al. 2013).

Birth Intervals and Offspring Outcomes: Potential Explanatory Mechanisms

Physiological Explanations

In a detailed review of poten tial mech a nisms linking birth inter vals to peri na tal and 
child health out comes, CondeAgudelo et al. (2012) reported at least six  plau si ble 

D
ow

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

ography/article-pdf/59/3/1117/1586442/1117barclay.pdf by guest on 23 April 2024



1121Birth Spacing and Health and Socioeconomic Outcomes

phys i o log i cal mech a nisms: mater nal nutri ent deple tion, folate deple tion, cer vi cal 
insuf fi ciency, ver ti cal trans mis sion of infec tions, sub op ti mal lac ta tion related to 
breastfeeding–preg nancy over lap, and phys i o log i cal regres sion. Most of these the o-
ries point to the risks of short birth inter vals, which do not allow the mother enough 
time to recover from the pre vi ous preg nancy. For exam ple, the mater nal nutri ent 
deple tion and folate deple tion hypoth e ses are based on find ings that par tic u larly short 
inter vals do not enable the mother to replen ish nutri ents to a level opti mal for the 
devel op ment of a new fetus (King 2003; Smits and Essed 2001).

As noted ear lier, inter vals lon ger than five years have also been linked with worse 
peri na tal out comes. One poten tial expla na tion that has been offered to explain this 
phe nom e non is the role of phys i o log i cal regres sion, whereby the phys i o log i cal adap
ta tions the mother expe ri enced dur ing preg nancy reverse over time to a phys i o log i cal 
state more akin to that seen among women who have not expe ri enced preg nancy 
(Zhu et al. 1999). Research sug gests that long IPIs can also increase the rel a tive risk 
of preg nancy com pli ca tions, which may also con trib ute to the increased risk of poor 
out comes for infants (Gebremedhin et al. 2020).

If these mech a nisms link pre ced ing birth inter val length to the prob a bil ity of 
being born pre ma ture or with LBW, they could also plau si bly link the pre ced ing birth 
inter vals and longterm out comes. Several stud ies have shown that LBW and pre
term birth are asso ci ated with longterm sta tus attain ment (BaranowskaRataj et al. 
2019; Behrman and Rosenzweig 2004; Black et al. 2007; Conley and Bennett 2000; 
D’ Onofrio et al. 2013). A plau si ble mech a nism for this link is that chil dren born 
extremely pre term (i.e., at a ges ta tional age of <28 weeks) miss a cru cial in utero 
devel op ment stage that con trib utes to the devel op ment of brain mat ter. More spe cif-
i cally, between week 29 of ges ta tion and full term, gray mat ter increases three fold, 
and white mat ter also increases sub stan tially. These dif fer ences in neurodevelopment 
by ges ta tional age at birth have been empir i cally linked to neuromotor and cog ni tive 
per for mance, pro vid ing a com pel ling expla na tion for why chil dren born extremely 
pre term have lower test scores and worse edu ca tional per for mance (Keunen et al. 
2016; Kinney et al. 1988; Kuban et al. 1999; Nosarti et al. 2002).

Social and Environmental Explanations

Social and envi ron men tal fac tors may be impor tant for both the asso ci a tion between 
birth inter vals and poor peri na tal out comes and any poten tial longterm effects of 
birth spac ing. Closely spaced sib lings, and the aver age spac ing in the sib ling group as 
a whole, may affect access to paren tal resources, time, and invest ment (Blake 1989). 
On aver age, infants and young chil dren could rea son ably expect to receive more 
paren tal atten tion in the absence of another newly born sib ling. Given empir i cal evi
dence regard ing the impor tance of earlylife invest ments for longterm devel op ment 
tra jec to ries, any birth spac ing pat tern that reduces sib ling com pe ti tion may be ben e fi-
cial for longterm out comes (Cunha et al. 2006; Heckman 2006).

The spac ing of sib lings in the house hold has also been linked to the degree of 
chil dren’s intel lec tual stim u la tion (Zajonc 1976). This find ing is con sis tent with the 
confluencehypothesis, which argues that a child’s intel lec tual devel op ment is linked 
to the degree of stim u la tion expe ri enced in the house hold and that the aver age degree 
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of stim u la tion expe ri enced is strongly linked to the intel lec tual matu rity of the other 
mem bers of the house hold (Zajonc and Markus 1975). Shorter birth inter vals would 
there fore mean more inter ac tions at an early age with rel a tively youn ger sib lings, 
who would be less intel lec tu ally stim u lat ing than par ents and older sib lings.

Spacing between sib lings may also affect infec tion trans mis sion. Research sug gests 
that the youn ger sib ling in a sib ling dyad with a birth inter val of approx i ma tely two 
years is par tic u larly likely to be infected by dis eases brought into the home envi ron
ment by the older sib ling of the pair (CondeAgudelo et al. 2012). Although most of the 
infec tions trans mit ted between chil dren in highincome countries today are rhi no vi rus 
var i ants with neg li gi ble longterm health or devel op ment con se quences (Peltola et al. 
2008), it is pos si ble that some infec tious dis eases in early twen ti ethcen tury Utah may 
have been more seri ous. For exam ple, the United States expe ri enced reg u lar epi dem
ics of polio my eli tis from the begin ning of the twen ti eth cen tury until a vac cine was 
devel oped in the 1950s (Paul 1971). However, to the extent that infec tious dis eases 
today are mild, dis ease trans mis sion may improve immune sys tem devel op ment and 
 per for mance—a the ory dubbed the hygiene hypoth e sis (Strachan 1989).

Selection Processes

Despite numer ous plau si ble mech a nisms linking birth spac ing to short and long
term off spring out comes, the empir i cal evi dence sug gests that birth spac ing is not 
ran domly dis trib uted across fam i lies (Gemmill and Lindberg 2013). Data from the 
United States from 2006 to 2010 show that births fol low ing interpregnancy inter
vals of 18 or fewer months were most com mon among rel a tively dis ad van taged and 
rel a tively advan taged moth ers: for exam ple, IPIs shorter than 18 months were most 
com mon among teen age moth ers, moth ers aged 30 or older, indi vid u als with less than 
a high school diploma, and indi vid u als with a col lege degree (Gemmill and Lindberg 
2013). However, births fol low ing short inter vals were reported as intended by more
advan taged moth ers and were reported as being mistimed or unwanted among less
advan taged moth ers (Gemmill and Lindberg 2013). More gen er ally, socio eco nomic 
var i a tion in house hold resources that affects nutri tion or access to health care could 
affect birth spac ing as well as peri na tal health out comes.

To reduce omit ted var i able bias, we esti mate sib ling fixed-effects mod els to exam-
ine the rela tion ship between birth spac ing and the out comes we study. These mod
els hold con stant all  fac tors that sib lings share and are there fore a pow er ful tool for 
addressing selec tion and confounding. However, these mod els are not with out lim
i ta tions. For exam ple, these sib ling com par i son mod els do not implic itly adjust for 
withinfam ily fac tors that vary between sib lings. Nor do they address sib ling spill
over effects (Black et al. 2021; Nicoletti and Rabe 2019) or paren tal behav ior that 
may com pen sate for dif fer ences between sib lings (Behrman et al. 1982) or exac er
bate such dif fer ences (Grätz and Torche 2016). Furthermore, esti ma tes from sib ling 
mod els may be biased if the out come for one sib ling influ ences the expo sure for 
another sib ling (Kravdal 2020; Sjölander et al. 2016)—for exam ple, if one child’s 
LBW influ ences the fol low ing birth inter val length or even the prob a bil ity of hav ing 
another child. Nevertheless, these mod els remain a pow er ful tool for research and 
may help iden tify the net effect of birth spac ing on off spring out comes. As a kind 
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of pla cebo anal y sis to check for the pres ence of withinfam ily endogeneity in spac
ing that is not absorbed by the fixed effects, we also esti mate mod els to check for an 
asso ci a tion between the sub se quent birth inter val length and the prob a bil ity of LBW 
and pre term birth.

Data and Methods

Data

In this study, we use the Utah Population Database (UPDB) to exam ine the rela tion
ship between birth inter vals and pre term birth, LBW, infant mor tal ity, col lege degree 
attain ment, occu pa tional sta tus, and adult mor tal ity. The UPDB at the Huntsman 
Cancer Institute at the University of Utah is a remark able source of indepth infor ma
tion that sup ports research on genet ics, epi de mi  ol ogy, demog ra phy, and pub lic health 
(Smith and Mineau 2021). The cen tral com po nent of the UPDB is an exten sive set 
of Utah fam ily his to ries in which fam ily mem bers are linked to demo graphic and 
med i cal infor ma tion. Records are linked into fam ily ped i grees span ning many gen
er a tions based on gene al o gies from the Genealogical Society of Utah as well as from 
Utah state vital records. The UPDB includes diag nos tic records about can cer, cause 
of death, and med i cal details asso ci ated with births.

We use data on cohorts born in 1947–2019 to study how the birth inter val length 
both pre ced ing and fol low ing the index per son is asso ci ated with the prob a bil ity of 
LBW, pre term birth, and infant mor tal ity. Our ana ly ses of col lege degree attain ment 
and occu pa tional sta tus are based on cohorts born in 1950–1990. Our ana ly ses of 
adult mor tal ity are based on cohorts born in 1900–1949; we there fore observe indi
vid u als up to at least age 70 in our youn gest birth cohort. The mea sure for the birth 
inter val used in this study is the birthtobirth inter val length: the period (in months) 
from one live birth to another. We group birth inter val length into 10 categories  
(9–12, 13–18, 19–24, . . . , 55–60, >60 months). The ref er ence cat e gory for the pre
ced ing and sub se quent birth inter val is 25–30 months. The 1900–2019 dis tri bu tion of 
birth inter vals for Utah is shown in Figure 1.

Our anal y sis is based on the pop u la tion of sib ling groups with at least three chil
dren. The rea son that we focus on such groups is that the sib ling fixed-effects mod els 
that we employ, described in greater detail below, exploit var i ance within the sib ling 
group to gen er ate the esti ma tes. Thus, we need to observe at least two birth inter vals 
within a sib ling group to be  able to esti mate the rela tion ship between birth inter val 
length and the out comes that we exam ine (Hutcheon and Harper 2019). To obtain the 
pre ced ing birth inter val length, we also need to observe at least two sets of sib ling 
pairs with adja cent birth orders in each sib ling group. That is, to cal cu late the pre
ced ing or sub se quent birth inter val length, we need at least two chil dren for whom 
we can observe the birth tim ing for the index child and the adja cent sib ling. We omit 
fam i lies with plu ral births, such as twins.

The pro por tion of chil dren in twochild fam i lies varies between each of the birth 
cohorts we exam ine for each out come var i able. After we exclude onlychil dren,  
the per cent age of chil dren in twochild fam i lies over the full birth cohort span 
(1900–2019) is 26.6%, com pared with 14.0%, 29.6%, and 23.6% in the 1900–1949,  
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1947–2019, and 1950–1990 cohorts, respec tively. However, the per cent age of the total 
num ber of observ able birth inter vals that are excluded when we omit twochild fam
i lies is smaller than the num ber of obser va tions that are excluded because twochild 
sib ling groups con trib ute only one birth inter val to the total uni verse of poten tially 
observ able birth inter vals, whereas threechild sib ling groups con trib ute two inter
vals each, fourchild sib ling groups con trib ute three inter vals each, and so on. When 
drop ping twochild fam i lies, we retain 80.7% of observ able birth inter vals over the 
full birth cohort span (1900–2019) and 90.8%, 78.0%, and 83.1% of observ able birth 
inter vals from the 1900–1949, 1947–2019, and 1950–1990 cohorts, respec tively.

Outcome Variables

We fol low the stan dard defi  ni tions for categorizing LBW: infants with a birth weight 
of less than 2,500 grams, 1,500 grams, and 1,000 grams are clas si fied as being born 
with LBW, very LBW, and extremely LBW, respec tively. Following stan dard prac
tice, we cat e go rize pre term births as those occur ring before 37 weeks of ges ta tion; 
births before 32 weeks of ges ta tion are clas si fied as very pre term, and births before 
27 weeks of ges ta tion are clas si fied as extremely pre term. Infant mor tal ity is defined 
as death in the first 12 months of life.

Our mea sures of col lege degree attain ment and occu pa tional sta tus are drawn 
from cen sus data, birth cer tifi  cates, mar riage cer tifi  cates, and divorce cer tifi  cates. 
The age at mea sure ment of edu ca tional and socio eco nomic var i ables varies across 
indi vid u als depending on the data source. We use the most recent mea sure of col lege 
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degree attain ment and occu pa tional sta tus avail  able; in our regres sion ana ly ses, we 
adjust for the age at which the mea sure was recorded. The mea sure of occupational 
sta tus is based on a trans for ma tion of the occu pa tional data to the NamPowersBoyd 
Occupational Status Score (Nam and Boyd 2004; Nam and Powers 1968). This score 
is a mea sure of occu pa tional pres tige that ranges from 1 to 100. Occupations that 
rank at the top of the scale include phy si cians, sur geons, law yers, and judges (all  with 
scores of 100); occu pa tions at the bot tom of the scale include dish wash ers (1) and 
house keep ing clean ers (6). Some addi tional exam ples may assist the inter pre ta tion of 
the results: hair dress ers have a score of 27; bus driv ers, 32; pre school teach ers, 50; 
mail car ri ers, 63; fire fight ers, 76; soci ol o gists, 82; and civil engi neers, 93.

To study adult mor tal ity, we exam ine cohorts born in 1900–1949, with fol lowup 
to 2019. Data on mor tal ity are drawn from gene a log i cal records as well as Social 
Security–derived death cer tifi  cates. Thus, we can observe deaths occur ring in the 
United States even if they occur out side of Utah.

Covariates

We include con trols for birth order as both the con flu ence hypoth e sis and the resource 
dilu tion hypoth e sis pre dict inde pen dent effects of birth order and birth spac ing, and 
pre vi ous research has indi cated that birth order is related to the prob a bil ity of LBW 
and pre term birth (Kramer 1987; Shah 2010). Birth inter val length is also likely to be 
asso ci ated with mater nal age, and mater nal age is asso ci ated with peri na tal out comes 
and infant mor tal ity (Andersen et al. 2000; Finlay et al. 2011). We adjust for mater nal 
age using five-year categories. Given the well-known sec u lar trends in infant mor tal-
ity rates and the inci dence of LBW and pre term birth, we adjust our ana ly ses for birth 
year using indi vid ualyear dummy var i ables. In addi tion, we adjust for off spring sex. 
In our ana ly ses of col lege degree attain ment and occu pa tional sta tus, we also adjust 
for the ages at which those mea sures were assessed.

Statistical Analyses

Perinatal, Educational, and Occupational Outcomes

To study the rela tion ship between birth inter vals and the out comes LBW, pre term 
birth, infant mor tal ity, col lege degree attain ment, and occu pa tional sta tus, we use 
lin ear regres sion and lin ear regres sion with sib ling fixed effects in the form of lin ear 
prob a bil ity mod els. Sibling fixed effects implic itly adjust for all  fac tors that remain 
con stant within the sib ling group—in this case, the size of the sib ling group and, to 
the extent that they remain con stant, paren tal resources and fam ily char ac ter is tics.

For each out come—LBW, very LBW, extremely LBW, pre term birth, very pre term 
birth, extremely pre term birth, infant mor tal ity, col lege degree  attain ment, and occu
pa tional sta tus—we esti mate four mod els. Note that for LBW and pre term birth, the 
ana ly ses by the sub se quent birth inter val length are a type of pla cebo anal y sis. For each 
out come, we esti mate one model with sib ling fixed effects and one with out for both the 
pre ced ing and the sub se quent birth inter val:
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yi = β1BIi +β2Sexi +β3BirthOrderi +β4Sizei +β5MatAgei +β6BirthYeari +α + εi  (1)

 yij = β1BIij +β2Sexij +β3BirthOrderij +β4MatAgeij +β5BirthYearij +α j + εij ,  (2)

where yij is the out come for indi vid ual i in sib ling group j on pre term birth and LBW. 
In Model 1, we use a reg u lar lin ear regres sion (i.e., no sib ling fixed effects) to exam-
ine the rela tion ship between the pre ced ing birth inter val length (BIi) and the out come, 
and con trol for bio log i cal sex, birth order (2, 3, . . . , 10+), sib ling group size (3, 
4, . . . , 10+), mater nal age (15–19, 20–24, . . . , 40–44, 45+), and birth year. In our 
ana ly ses of col lege degree attain ment and occu pa tional sta tus attain ment, we also 
adjust for the age at which those mea sures were assessed using dis crete age dummy 
var i ables (15, 16, 17, . . . , 69, 70). BIi enters the model as a series of 10 dummy 
var i ables based on sixmonth categories for the pre ced ing birth inter val length. In 
Model 1, our anal y sis pop u la tion is sec ond- and later-born chil dren in sib ling groups 
with at least three chil dren. We exclude first borns because they have no value for the 
pre ced ing inter val length. In Model 2, we intro duce the sib ling fixed effect (αj) and 
remove the con trol for sib ling group size because it is adjusted for in the fixed-effects 
approach. We use the same anal y sis sam ple for Model 2 as in Model 1.

We esti mate two fur ther mod els that par al lel Models 1 and 2, but replace the pre-
ced ing birth inter val length with a var i able for the sub se quent inter val length. In these 
mod els we include first borns, but we exclude last-born chil dren because they have no 
value for the sub se quent inter val length.

For the out comes LBW and pre term birth, we also exam ine whether the asso ci a tion 
between birth inter vals and the peri na tal out comes we study varies by birth cohort:

 
yi = β1Cohort × BIi +β2Sexi +β3BirthOrderi +β4Sizei +β5MatAgei

+β6BirthYeari +α + εi  (3)

yij = β1Cohort × BIij +β2Sexij +β3BirthOrderij +β4MatAgeij +β5BirthYearij
+α j + εij , (4)

where Cohort refers to birth cohort, grouped as 1947–1959, 1960–1969, 1970–1979, 
1980–1989, 1990–1999, 2000–2009, and 2010–2019. In these mod els, we also include a 
con tin u ous term for birth year to adjust for any lin ear effect of birth year within the broader 
cohort groups. We esti mate par al lel mod els for the sub se quent birth inter val length.

Adult Mortality

To study mor tal ity, we con duct a sur vival anal y sis using Cox pro por tional haz ard 
regres sions (Cox 1972). The pro por tional haz ards model is expressed as fol lows:
 h(t | X1,…,Xk ) = h0(t)exp βj X j (t)j=1

k∑( ),  (5)

where h(t | X1,…,Xk )  is the haz ard rate for indi vid u als with char ac ter is tics 
X1, . . . ,Xk at time t; h0(t) is the base line haz ard at time t; and βj , j = 1, . . . , k, are 
the esti mated coef fi cients. Because the fail ure event in our anal y sis is the indi vid ual’s 
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death, the base line haz ard of our model, h0(t), is age. Individuals are cen sored at loss 
to fol low-up or in 2019, which ever comes first. To esti mate a sib ling com par i son 
model, we use strat i fied Cox mod els (Allison 2009), strat i fied by the shared sib ling 
group ID. The strat i fied Cox model of the haz ard for an indi vid ual from stra tum s 
takes the fol low ing form:

 hs(t | X1,…,Xk ) = h0s(t)exp β j X j (t)j=1
k∑( ),  (6)

where h0s(t) is the base line haz ard for stra tum s, s = 1, . . . , S. Each stra tum, s, is 
a sib ling group. In the stan dard Cox pro por tional haz ard regres sion, the base line 
haz ard h0 is com mon to all  indi vid u als in the anal y sis. In the strat i fied Cox model 
(Eq. (6)), we allow the base line haz ard to dif fer between strata drawing on the 
assump tion that unob served fac tors par tic u lar to each sib ling group may con found 
the rela tion ship between birth inter vals and adult mor tal ity (Allison 2009: chap ter 
5). As with the fixed-effects approach applied to lin ear regres sion, these strat i fied 
Cox mod els adjust for all  timeinvari ant fac tors that sib lings share. We esti mate the 
fol low ing mod els:

 logh t( ) = β1BIi +β2Sexi +β3BirthOrderi +β4Sizei +β5MatAgei
+β6BirthYeari +α + εi

 
(7)

 
logh(t) = β1BIij +β2Sexij +β3BirthOrderij +β4MatAgeij

+β5BirthYearij +α j ,

 

(8)

where logh(t) is the log haz ard of mor tal ity, α j is the fixed effect for sib ling group j, 
and the index ij refers to the indi vid ual i in sib ling group j. As with the lin ear regres
sion ana ly ses, BIi is included in the model as a series of 10 dummy var i ables based 
on sixmonth categories for the pre ced ing birth inter val length. In ana ly ses based on 
Eq. (7), our anal y sis pop u la tion is sec ond and laterborn chil dren in sib ling groups 
with at least three chil dren; we exclude first borns because they have no value for the 
pre ced ing inter val length. In Eq. (8), we intro duce the sib ling fixed effect α j and 
remove the con trol for sib ling group size, which is implic itly adjusted for. We use the 
same anal y sis sam ple for mod els with and with out the sib ling fixed effect. We esti-
mate par al lel mod els in which we replace the pre ced ing birth inter val length with a 
var i able for the sub se quent birth inter val length, exclude lastborn chil dren from the 
anal y sis sam ple, and include first born chil dren.

Results

Descriptive Statistics

Table 1 shows sum mary sta tis tics by categories of the pre ced ing and sub se quent birth 
inter val length for each out come we study. Further detailed descrip tive sta tis tics for 
each out come and all  covariates can be found in Tables S1–S4 (see online appen dix). 
Note that the birth cohorts and sam ple sizes vary across out comes.
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In both of our ana lytic sam ples (one for study ing the pre ced ing inter val length 
and one for the sub se quent birth inter val), approx i ma tely 4% of all  births were LBW, 
0.4% were very LBW, and 0.2% were extremely LBW. In the pre ced ing birth inter
val sam ple, 5.5% were pre term; in the sub se quent birth inter val sam ple, 5.2% were 
pre term. Approximately 0.6% and 0.2% were born very pre term or extremely pre
term, respec tively, in both sam ples. Approximately 0.9% of chil dren died in the first 
year of life in both sam ples. Across these seven out comes, the recur ring pat tern is 
that chil dren born before or after birth inter vals less than 19 months or more than 60 
months have the poorest out comes, but the pat tern is clearest for chil dren born before 
or after inter vals of 9–12 months. For exam ple, among chil dren born after inter vals 
of 9–12 months, the per cent ages born with LBW, very LBW, and extremely LBW 
were 11.3%, 1.8%, and 0.7%, respec tively; these per cent ages are much higher than 
the base line level. The per cent ages born pre term, very pre term, or extremely pre
term after inter vals of 9–12 months were 13.9%, 2.8%, and 0.9%, respec tively. Poor 
out comes are also more com mon for chil dren whose next youn gest sib ling was born 
9–18 months after them.

A sim i lar pat tern pre vails for two of the laterlife out comes we exam ine. First, the 
per cent age who obtained a col lege degree is low est among those born after inter vals 
of 9–12 months—at approx i ma tely 25%, in con trast to the base line mean of approx i
ma tely 34%. Those born before or after inter vals of 13–18 months or >60 months are 
also under rep re sented among col lege grad u ates. Second, mean occu pa tional sta tus is 
lower among those born before or after the shortest birth inter vals.

Finally, the descrip tive sta tis tics from the mor tal ity anal y sis show that uncon di tional 
mor tal ity rates in our sam ple are actu ally highest among those born before or after birth 
inter vals of 25–30 months, and they are low est among those born after inter vals of less 
than 13 months or more than 55 months. The bimodal pat tern in the mor tal ity data is 
there fore dis tinc tive from the pat terns observed in the other sam ple groups.

Low Birth Weight

Figure 2 shows the results from ana ly ses exam in ing the rela tion ship between the 
pre ced ing and sub se quent birth inter val length and the prob a bil ity of LBW, with and 
with out sib ling fixed effects and pooling across all  birth cohorts. Detailed results are 
shown in Tables S5 and S6 (online appen dix).

The left panel in Figure 2 shows the results of ana ly ses of the pre ced ing inter val 
length. The shortest pre ced ing birth inter vals are asso ci ated with a higher prob a bil ity 
of LBW in mod els both with and with out sib ling fixed effects. In the within-fam ily 
model, chil dren born after a birth inter val of 9–12 months are esti mated to have a .051 
higher prob a bil ity of LBW rel a tive to chil dren born after a birth inter val of 25–30 
months. Given that the base line prob a bil ity of LBW in the ana lytic sam ple across 
these cohorts is .038, the rel a tive prob a bil ity of LBW is more than twice as high for 
chil dren born after an inter val of only 9–12 months ((.051 + .038) / .038 = 2.34). Inter
vals of 13–18 months are asso ci ated with a much smaller ele vated prob a bil ity, at just 
under .01 higher than the ref er ence cat e gory—approx i ma tely 26% higher than the 
base line. Intervals of 19–36 months lead to very sim i lar out comes. Where the results 
from the mod els with and with out sib ling fixed effects clearly diverge is for chil dren 
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born after inter vals lon ger than 37 months: in the model with out sib ling fixed effects, 
lon ger inter vals are asso ci ated with an increased prob a bil ity of LBW, whereas the 
withinfam ily com par i sons indi cate that lon ger inter vals up to 60 months are asso ci
ated with a lower prob a bil ity of LBW.

The right panel of Figure 2 shows the results from ana ly ses exam in ing the rela
tion ship between the sub se quent inter val length and the prob a bil ity of LBW. These 
pla cebo ana ly ses show that even in the sib ling com par i son anal y sis, the sub se quent 
birth inter val length is asso ci ated with an increased prob a bil ity of LBW when the 
inter val is 9–12 or 13–18 months. Because of the implied reverse cau sal ity, this pat
tern should not exist. Although the mag ni tude of the asso ci a tion is much smaller in 
the right panel, this pat tern raises con cerns that the sib ling com par i son mod els do not 
fully adjust for withinfam ily fac tors predicting both spac ing and peri na tal out comes.

Figures S1 to S6 of the online appen dix dis play results for the asso ci a tion between 
the pre ced ing and sub se quent inter val length and both very LBW and extremely 
LBW. These results dif fer by birth cohort. The pooled results for very LBW and 
extremely LBW are qual i ta tively sim i lar to those presented in the main text for 
all  LBW births. The results from the mod els interacting birth inter vals by birth 
cohort show that birth inter vals of only 9–12 months are asso ci ated with a sub stan
tially higher prob a bil ity of LBW regard less of birth cohort, and few pat terns clearly 
diverge from those shown in the pooled ana ly ses. Note that the higher prob a bil ity 
of LBW observed in the results from mod els with out sib ling fixed effects is per haps 
most evi dent from 2000 onward.

Fig. 2 The relationship between the length of the preceding and subsequent birth intervals and the proba
bility of LBW in sibling groups with at least three children born in Utah in 1947–2019. Results are from 
linear probability models with and without sibling fixed effects.
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Preterm Birth

Figure 3 shows the results from four mod els exam in ing the rela tion ship between 
birth inter vals and the prob a bil ity of pre term birth. Detailed regres sion out put can 
be seen in Tables S7 and S8 (online appen dix). The results in the left panel show that 
pre ced ing birth inter vals of 9–12 months are asso ci ated with a sub stan tially higher 
prob a bil ity of pre term birth, esti mated as .062 in the sib ling fixed-effects anal y-
sis and .093 in the model with out sib ling fixed effects. The base line prob a bil ity of 
pre term birth across these cohorts is .055. Children born after an inter val of 13–18 
months have an ele vated prob a bil ity of pre term birth, at .012 in the withinfam ily 
com par i son and .020 in the model with out sib ling fixed effects. As in the results for 
LBW, lon ger birth inter vals are asso ci ated with a lower prob a bil ity of pre term birth 
in the sib ling com par i son anal y sis. The right panel again shows that very short sub
se quent birth inter vals are asso ci ated with an increased prob a bil ity of pre term birth, 
although the mag ni tude of the asso ci a tion is much smaller than that in the left panel.

Additional ana ly ses of very pre term birth, extremely pre term birth, and by birth 
cohort for all  degrees of pre ma tu rity are shown in Figures S7 to S12 (online appen
dix). The qual i ta tive pat terns in the results for very and extremely pre term birth are 
sim i lar to those seen for all  pre term births, includ ing the pat tern by sub se quent birth 
inter val length. The results from the ana ly ses by cohort show that the pro tec tive effect 
of lon ger pre ced ing birth inter vals is evi dent across all  birth cohorts in the within
fam ily com par i sons.

Fig. 3 The relationship between the length of the preceding and subsequent birth intervals and the proba
bility of preterm birth in sibling groups with at least three children born in Utah in 1947–2019. Results are 
from linear probability models with and without sibling fixed effects.
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Infant Mortality

The results for infant mor tal ity are shown in Figure 4. The results from the anal y
sis with out a sib ling com par i son show that birth inter vals shorter than 19 months 
are asso ci ated with a higher prob a bil ity of mor tal ity in the first 12 months of life, 
and this is par tic u larly clear for inter vals of 9–12 months, which, con sis tent with 
the pat tern shown in the descrip tive sta tis tics, have a prob a bil ity approx i ma tely 2 
per cent age points higher than the ref er ence cat e gory to expe ri ence infant mor tal
ity. In the model with out sib ling fixed effects, there is no dis cern ible mean ing ful 
var i a tion in out comes for chil dren born after inter vals lon ger than 18 months. 
The results from the sib ling com par i son mod els point toward a higher prob a bil
ity of mor tal ity for infants born after an inter val of 9–12 months, but they also 
indi cate that there is a lower prob a bil ity of mor tal ity for infants born after inter
vals of 13–24 months, or lon ger than 60 months. The ana ly ses by the sub se quent 
birth inter val length show that a short sub se quent inter val is asso ci ated with a 
much higher rel a tive prob a bil ity of infant mor tal ity. Subsequent birth inter vals of 
9–12 months may be plau si bly asso ci ated with an increased prob a bil ity of infant 
mor tal ity for the older sib ling, and the prob a bil ity gra di ent seen in Figure 4 is  
also con sis tent with a wan ing effect of infant death on sub se quent birth inter
vals over time. Full tables of results can be seen in Tables S9 and S10 (online 
appen dix).

Fig. 4 The relationship between the length of the preceding and subsequent birth intervals and the proba
bility of infant mortality in sibling groups with at least three children born in Utah in 1947–2019. Results 
are from linear probability models with and without sibling fixed effects.
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College Degree Attainment

We now turn to sev eral lon ger term out comes. Figure 5 shows the results from mod
els that exam ine the rela tion ship between the pre ced ing and sub se quent birth inter val 
length and the prob a bil ity of col lege degree attain ment. Detailed results can be seen 
in Tables S11 and S12 (online appen dix). The results in both the left and right pan els 
of Figure 5 show that shorter and lon ger birth inter vals, whether pre ced ing or fol low
ing the index per son, are asso ci ated with a lower prob a bil ity of col lege degree attain
ment in mod els that do not com pare sib lings. Relative to the base line prob a bil ity, the 
rel a tive dif fer ence for those born after 9–12 months is approx i ma tely 10% lower; for 
those born after an inter val of five or more years, it is approx i ma tely a quar ter lower 
than the base line prob a bil ity. However, the results from the sib ling com par i son mod
els sug gest that birth spac ing is not asso ci ated with longterm edu ca tional achieve
ment: there are almost no dif fer ences in the prob a bil ity of col lege degree attain ment 
by the sub se quent inter val length, and the pat terns by the pre ced ing birth inter val 
length sug gest, if any thing, that short birth inter vals may be asso ci ated with a higher 
prob a bil ity of col lege degree attain ment.

Occupational Status

The results for occu pa tional sta tus are shown in Figure 6; detailed results are 
avail  able in Tables S13 and S14 (online appen dix). As in the anal y sis of col lege 

Fig. 5 The relationship between the length of the preceding and subsequent birth intervals and the  probability 
of college graduation in sibling groups with at least three children born in Utah in 1950–1990. Results are 
from linear probability models with and without sibling fixed effects.
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degree attain ment, the results from the model with out sib ling fixed effects show 
a clear pat tern in which those born after very short pre ced ing birth inter vals or 
lon ger inter vals (43 months or lon ger) are dis ad van taged in terms of occu pa tional 
sta tus. The mean score on the NamPowersBoyd scale in our ana lytic sam ple is 
56, and the stan dard devi a tion is 23. Even in the results from the model with out 
sib ling fixed effects, the rel a tive dis ad van tage of chil dren born after very short 
or very long birth inter vals appears to be small—at less than 10% of a stan dard 
devi a tion both for chil dren born after an inter val of 9–12 months and for chil dren 
born after an inter val of more than 60 months. However, in the withinfam ily 
com par i son, we find no sub stan tially or sta tis ti cally sig nifi  cant dif fer ences in 
occu pa tional sta tus by the pre ced ing birth inter val length. Similar pat terns are 
evi dent in the right panel of Figure 6, show ing results from mod els exam in ing 
whether birth inter val length fol low ing the index per son is asso ci ated with long
term occu pa tional sta tus.

Adult Mortality

Finally, Figure 7 shows the results for the rela tion ship between birth inter vals and 
adult mor tal ity; full results are shown in Tables S15 and S16 (online appen dix). 
Individuals in our sam ple were followed until at least age 70, and the oldest birth 
cohort, born in 1900, was surely extinct by the end of our  fol lowup period in 

Fig. 6 The relationship between the length of the preceding and subsequent birth intervals and occupa
tional status in sibling groups with at least three children born in Utah in 1950–1990. Results are from 
linear regression models with and without sibling fixed effects.
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2019. The results in the left panel of Figure 7 do not point to a clear rela tion ship 
between birth inter vals and adult mor tal ity in the mod els with or with out sib ling 
fixed effects. We see some indi ca tion that lon ger birth inter vals are asso ci ated 
with higher mor tal ity—par tic u larly among those born after inter vals of more than 
60 months, for whom the mor tal ity rate is 6% and 3% higher than among those 
born after inter vals of 25–30 months in the nonstratified and strat i fied mod els, 
respec tively. The results for the sub se quent birth inter val length (right panel) 
reveal only one clear pat tern: the shortest birth inter vals are asso ci ated with lower 
adult mor tal ity.

Additional Analyses

In an addi tional anal y sis, we exam ined whether any of the asso ci a tions between 
birth inter vals and our 10 out comes vary by gen der. We did not observe any sig nifi -
cant gen der dif fer ences. We also tested for dif fer ences by mater nal edu ca tion in our 
sib ling com par i son mod els and found none. To check whether pat terns of mor tal ity 
might be observ able at ear lier adult ages, we exam ined mor tal ity between ages 18 and 
40. We found that mor tal ity between 18 and 40 does not seem to vary mean ing fully 
by the pre ced ing or sub se quent birth inter val length, although inter vals lon ger than 60 
months may be pro tec tive in the sib ling com par i son ana ly ses (see Figure S13, online 
appen dix). We also esti mated mod els of var i a tion in mor tal ity between ages 18 and 

Fig. 7 The relationship between the length of the preceding and subsequent birth intervals and hazard of 
mortality in sibling groups with at least three children born in Utah in 1900–1949. Results are from Cox 
regression models and Cox models stratified by sibling group.
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65 by birth cohort; these results are shown in Figures S14 and S15. Data on the stan
dard devi a tion of birth inter vals and out come var i ables within and between fam i lies 
are pro vided in Table S17.

Discussion

This study adds to a grow ing lit er a ture on the rela tion ship between birth spac ing and 
off spring out comes. We con trib ute to a rel a tively large lit er a ture exam in ing how birth 
spac ing is asso ci ated with peri na tal out comes in con tem po rary highincome set tings, 
as well as to a much smaller lit er a ture exam in ing how birth spac ing may be asso ci
ated with long-term out comes. We find evi dence that chil dren born after very short 
birth inter vals of 9–12 months have a higher prob a bil ity of being born pre term or with 
LBW in Utah, even in the 2010s. Children born after inter vals of 13–18 months are 
also at risk, but to a much lesser extent. Unlike sev eral recent stud ies, we find that 
short inter vals are asso ci ated with the prob a bil ity of LBW and pre term birth even 
after we com pare sib lings born to the same par ents (cf. Ball et al. 2014; Hanley et al. 
2017). We also find evi dence that lon ger birth inter vals are asso ci ated with a lower 
prob a bil ity of being born pre term or with LBW, even beyond the interpregnancy 
inter vals recommended by the ACOG and WHO.

However, the cred i bil ity of our esti ma tes for the rela tion ship between the pre
ced ing birth inter val length and peri na tal out comes is some what undermined by our 
addi tional find ing that the birth inter val length fol low ing the index per son is asso ci-
ated with an ele vated prob a bil ity of LBW and pre term birth. It seems likely that the 
sib ling com par i son mod els do not adjust for all  fac tors that are asso ci ated with both 
birth spac ing and the prob a bil ity of expe ri enc ing adverse peri na tal out comes. One 
plau si ble inter pre ta tion of these results is that we over es ti mate the neg a tive effect of 
short pre ced ing birth inter vals on LBW and pre term birth. However, we can not be 
sure about this inter pre ta tion, and we do not have access to other var i ables to con trol 
for addi tional poten tial withinfam ily het ero ge ne ity.

Our ana ly ses of infant mor tal ity also show that short pre ced ing and sub se quent 
birth inter vals increase the prob a bil ity of neg a tive out comes. In the ana ly ses con
cerning the pre ced ing inter val length, we observe some discrepancies between the 
esti ma tes from the mod els with and with out sib ling fixed effects: the results from the 
model with out sib ling fixed effects show no mean ing ful var i a tion among birth inter-
vals lon ger than 18 months, whereas the fixed-effects ana ly ses indi cate a pro tec tive 
effect of birth inter vals of 13–24 months. Recent research has high lighted the pos si
bil ity that off spring deaths change par ents’ fer til ity behav ior, indi cat ing that the birth 
inter val length itself is influ enced by the pre ced ing sib ling’s death; when the out come 
for one sib ling influ ences the expo sure for another, sib ling fixed-effects mod els may 
be biased (Kravdal 2020; Sjölander et al. 2016). This sit u a tion is par tic u larly likely 
for infant mor tal ity but may also be true for our ana ly ses of LBW and pre term birth, 
and it is an impor tant lim i ta tion of the sib ling com par i son ana ly ses. We sug gest cau
tion in the inter pre ta tion of the withinfam ily com par i son results for LBW, pre term 
birth, and infant mor tal ity. Further, our study high lights the poten tial need for cau tion 
in interpreting the results from other stud ies of birth spac ing and peri na tal out comes 
using sib ling fixed effects.
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This study is one of only a hand ful to exam ine the rela tion ship between birth inter
vals and longterm out comes or health out comes. Our results are con sis tent with the 
most recent lit er a ture com par ing sib lings born to the same par ents to exam ine how 
birth inter vals are asso ci ated with socio eco nomic attain ment. Several stud ies using 
a sib ling fixed-effects anal y sis and data from Sweden and the United States have 
reported that nei ther short nor long pre ced ing birth inter vals influ ence long-term out-
comes once unob served fac tors that are likely to be cor re lated with birth tim ing and 
spac ing, as well as the longterm out comes of inter est, are held con stant (e.g., see 
 Barclay and Kolk 2017, 2018; Nguyen 2014). Our results for pre ced ing birth inter
vals are also con sis tent with those reported in a pre vi ous study using mis car riage as 
an instru ment for birth spac ing in the United States; that study did not report a neg
a tive effect of short pre ced ing birth spac ing on the test scores of the youn ger sib ling 
of a sib ling pair (Buckles and Munnich 2012). However, we find that the sub se quent 
birth inter val length does not mat ter for col lege degree attain ment or occu pa tional 
sta tus, whereas Buckles and Munnich (2012) reported that a lon ger inter val fol low
ing the index per son was asso ci ated with higher test scores. Finally, the results from 
our ana ly ses of longterm mor tal ity, show ing that birth spac ing is incon se quen tial, 
are also con sis tent with pre vi ous work conducted using Swed ish pop u la tion data 
( Barclay and Kolk 2018).

An inter est ing incon sis tency in our find ings is that short birth inter vals are asso-
ci ated with an increased prob a bil ity of pre term birth and LBW (includ ing very and 
extremely LBW and pre term birth) but not with any longterm dis ad van tage in edu
ca tional attain ment or occu pa tional sta tus. This lat ter find ing is sur pris ing for two rea-
sons: (1) stud ies have found that pre term birth and LBW are asso ci ated with longterm 
socio eco nomic and health dis ad van tages (BaranowskaRataj et al. 2019;  Behrman 
and Rosenzweig 2004; Black et al. 2007; D’Onofrio et al. 2013; Petrou et al. 2001), 
and (2) we can observe the same birth cohorts for our ana ly ses of peri na tal out
comes and the longterm edu ca tional and socio eco nomic out comes. One poten tial 
expla na tion for this incon sis tency in our find ings is that the asso ci a tion between birth 
inter vals and peri na tal out comes may be overestimated, as discussed ear lier. If the 
asso ci a tion between birth spac ing and peri na tal out comes is actu ally neg li gi ble, this 
would help to explain why birth spac ing also would not be asso ci ated with longterm 
sta tus attain ment.

Several poten tial expla na tions exist for why birth spac ing might be asso ci ated 
with poor peri na tal out comes but not poor longterm out comes, even if we assume 
that short inter vals caus ally increase the prob a bil ity of poor peri na tal out comes. For 
exam ple, any neg a tive effects of short birth spac ing may be con cen trated among chil
dren born extremely pre term or with extremely LBW; because the pro por tion of such 
infants is only a small frac tion of the total num ber of births, the over all effect on 
longterm out comes may be weaker. Alternatively, par ents may seek to com pen sate 
for inequalities between their chil dren by investing more in chil dren dis ad van taged 
by worse peri na tal out comes, thereby reduc ing var i a tion in lon ger term out comes 
(Conley and Glauber 2007). It is also pos si ble that pos i tive selec tion explains the 
dis crep ancy between the results for LBW and pre term birth and the longterm out
comes. Our ana ly ses of infant mor tal ity show that chil dren born after the very short
est inter vals have a sig nifi  cantly higher prob a bil ity of dying in the first 12 months of 
life; this indi cates that the chil dren who are most neg a tively affected by short birth 
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inter vals do not sur vive to be included in our ana lytic sam ple of longterm out comes, 
which would reduce the poten tial for an asso ci a tion between short inter vals and rel a
tively worse longterm out comes. Another poten tial expla na tion for the dis crep ancy 
between the results for peri na tal and longterm out comes may be drawn from recent 
research show ing that dif fer ences in out comes by the pre ced ing birth inter val length 
seem to dimin ish with increas ing age (Miller and Karra 2020).

Another lim i ta tion of our research design is that we study the impact of birth spac
ing on a vari ety of out comes using data from fam i lies with at least three chil dren. 
This approach, com mon in the lit er a ture using sib ling fixed effects to study birth 
inter vals, is nec es sary to imple ment our sib ling com par i son design: because a sib
ling group with two chil dren has no var i ance in the birth inter val length, it can not be 
exploited for an anal y sis of the impact of birth inter vals (Hutcheon and Harper 2019). 
We there fore exclude chil dren with out any sib lings and chil dren raised in twochild 
sib ling groups. The lat ter are among the most com mon fam ily sizes, despite Utah’s 
unusu ally high fer til ity rates. This exclu sion poten tially lim its the gen er al iz abil ity of 
our find ings. However, one-child sib ling groups do not have a birth inter val to study. 
Further, a high pro por tion of all  mea sur able birth inter vals occur in sib ling groups 
with three or more chil dren because, com pared with a twochild group, a threechild 
sib ling group has twice as many birth inter vals, a fourchild sib ling group has three 
times as many birth inter vals, and so on. Given the hypoth e sized mech a nisms by 
which short inter vals are expected to lead to worse out comes, we would also expect 
the con se quences of mul ti ple short inter vals to be worse in larger sib ling groups than 
in a twochild sib ling group: mul ti ple short inter vals in larger sib ling groups would 
fur ther exac er bate fac tors such as mater nal nutri ent deple tion or resource dilu tion 
among sib lings at piv otal young ages.

Despite some lim i ta tions, this study makes impor tant con tri bu tions to the lit er
a ture. It is the first study to use pop u la tion data (albeit at the state level) from the 
United States to exam ine longterm off spring out comes in rela tion to birth spac ing. 
The results from our ana ly ses allow us to con clude that in a coun try with a much 
weaker wel fare state sys tem than Sweden or even Germany, extremely short birth 
inter vals are not asso ci ated with longterm off spring edu ca tional, socio eco nomic, or 
mor tal ity out comes. Further, this study builds on the lit er a ture exam in ing whether 
birth inter vals are asso ci ated with peri na tal health out comes: our find ing that the sub-
se quent birth inter val length is also asso ci ated with the risk of LBW or pre term birth 
sug gests that the sib ling com par i son does not hold con stant all  fac tors driv ing both 
birth spac ing and peri na tal out comes and that the results from pre vi ous stud ies apply
ing this approach may need to be revisited and reevaluated. Although this find ing is 
some what concerning, we hope that it will even tu ally lead to a bet ter under stand ing 
of the true asso ci a tion between birth spac ing and peri na tal out comes in highincome 
countries. ■
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