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THE EFFECTS OF BIRTH SPACING ON HEALTH AND SOCIOECONOMIC
OUTCOMES ACROSS THE LIFE COURSE: EVIDENCE FROM THE UTAH

POPULATION DATABASE

ABSTRACT. The relationship between the length of birth intervals and child outcomes has re-
ceived increased attention in recent years, but few studies have examined offspring outcomes
across the life course in North America. In this study we examine the relationship between
birth intervals and a range of short- and long-term outcomes, including preterm birth, low birth
weight, infant mortality, college graduation, occupational attainment, and adult mortality, using
data from the Utah Population Database (UPDB). To study infant outcomes we use data on co-
horts born 1947–2016, to study educational and occupational outcomes we use data on cohorts
born 1950–1980, and to study adult mortality we use data on cohorts born 1900–1949, with
mortality outcomes followed until 2016. We use linear regression, linear probability models,
and survival analysis, and compare the results from models with and without sibling compar-
isons. Children born after a birth interval of 9-12 months have a higher probability of low birth
weight, preterm birth, and infant mortality both with and without sibling comparisons; longer
intervals are further protective, but to a much less dramatic extent, and the protective effect of
longer intervals against low birth weight and preterm birth was clearer in cohorts born before
the 1990s. Based upon sibling comparison analyses, even the very shortest birth intervals do
not negatively influence educational or occupational outcomes, nor long-term mortality. These
findings suggest that extremely short birth intervals can increase the probability of poor perinatal
outcomes, but that any such disadvantages disappear over the extended life course.
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2 BIRTH SPACING IN UTAH

INTRODUCTION

The timing and spacing of births are of core interest to demographers, and many researchers
have examined whether the spacing between siblings has consequences for a child’s health and
development. We define birth spacing as the time in months between two live births. There is a
long tradition of research examining how spacing is related to infant and child mortality in both
historical contexts and contemporary low- and middle-income countries (Bean et al., 1992;
Lynch and Greenhouse, 1994; Conde-Agudelo et al., 2006; Molitoris, 2017; Molitoris et al.,
2019). Many studies have also examined whether birth spacing is associated with perinatal
outcomes, such as low birth weight, and long-term educational and socioeconomic outcomes
in high-income countries (Powell and Steelman, 1990; Buckles and Munnich, 2012; Ball et al.,
2014; Barclay and Kolk, 2017). Recent years have seen a resurgence of interest in this topic
as researchers began to use instrumental variables and fixed effects in an attempt to isolate
the net effect of birth spacing on child outcomes. The prevailing consensus that short birth
intervals have a negative effect on offspring outcomes in high-income countries has been called
into question by a series of studies reporting null associations after adjusting for unobserved
confounding (e.g. see Ball et al., 2014; Hanley et al., 2017; Barclay and Kolk, 2017, 2018;
Ahrens et al., 2019).

Although it is clear that that short birth intervals are associated with a higher risk of poor
perinatal outcomes and infant mortality in low- and middle-income countries even after adjust-
ing for unobserved confounding (Conde-Agudelo et al., 2006; Molitoris, 2018; Molitoris et al.,
2019), in high-income countries the association between birth interval length and offspring out-
comes remains contested. For example, the association between short birth intervals and the
probability of preterm birth and low birth weight seems to vary between different high-income
countries (Klebanoff, 2017). For long-term outcomes, some studies suggest that short birth
intervals are associated with worse educational outcomes (Powell and Steelman, 1990, 1993;
Buckles and Munnich, 2012), while others suggest that birth spacing has no long-term educa-
tional, socioeconomic, or health consequences (Nguyen, 2014; Barclay and Kolk, 2017, 2018;
Grätz, 2018).

Part of the challenge about drawing conclusions from the existing literature on the association
between birth intervals and offspring outcomes is uncertainty about the relative importance of
the social and public health context, as well as the application of different statistical methods.
For example, in Sweden there is no association between birth interval length and educational
outcomes (Barclay and Kolk, 2017), while short intervals are associated with worse educational
outcomes for some children in the United States (Buckles and Munnich, 2012). However, the
extent to which these different patterns can be explained by considerable differences between
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the Swedish and American welfare and health care systems, or different research designs, re-
mains unclear.

The goal of this study is to examine whether birth intervals are associated with long-term
outcomes in the United States when using a population-based dataset and applying statistical
methods that compare siblings in order to reduce residual confounding. To do so, we use data
from the Utah Population Database (UPDB) to examine how birth intervals are associated with
offspring outcomes over the life course. We examine perinatal outcomes, educational and oc-
cupational attainment, and mortality in adulthood in relation to birth spacing, and use a within-
family sibling comparison design that allows us to minimise residual confounding and to isolate
the net effect of birth interval length on offspring outcomes. To preview our results, we find that
very short birth intervals are strongly associated with the probability of low birth weight (LBW),
preterm birth, and infant mortality. However, the negative effects disappear over the long-term.
In contrast to the results that ignore unadjusted confounding due to family-specific effects, we
find no disadvantages in educational or occupational attainment, or adult mortality, for those
born even after very short birth intervals after accounting for unobserved differences between
families.

Previous Research on Birth Spacing and Perinatal Outcomes in High-income Countries.
Until recently, research had consistently shown that especially short and especially long birth
intervals were both associated with poor perinatal outcomes. For example, a meta-analysis of 67
studies published up to 2006 showed that there is a J-shaped curve in the relationship between
the length of birth intervals and peri-natal and child health outcomes, with interpregnancy inter-
vals (IPIs) shorter than 18 months, and longer than 59 months significantly associated with poor
perinatal outcomes (Conde-Agudelo et al., 2006). Based on this body of evidence, the World
Health Organization has recommended that women avoid pregnancy until at least 24 months
after the birth of the previous child (WHO, 2005). For their part, the American College of Ob-
stetricians and Gynecologists (ACOG) recommends an IPI of at least 6 months (ACOG, 2019).
Despite this, research suggests that many prospective mothers do not recall ever having been
advised about IPI length, and are not aware of the potential importance of IPIs for pregnancy
outcomes (Yang et al., 2019).

However, since 2014 this long held consensus about the negative effects of short birth in-
tervals was shaken by a study using Australian data and sibling fixed effects to study the rela-
tionship between interpregnancy intervals and the probability of preterm birth, LBW, and being
small for gestational age (SGA) (Ball et al., 2014). By comparing siblings born to the same
mother, they were able to hold constant unobserved factors shared by siblings that are corre-
lated both with the length of birth intervals as well as perinatal outcomes. Ball et al. (2014)
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found that the association between short IPIs (0-5 months) and preterm birth, LBW, and SGA
reduced to almost zero after adjusting for unobserved heterogeneity at the maternal level. These
results suggested that the length of birth intervals may not actually have a causal effect on the
risk of poor peri-natal outcomes, and that the long documented association might result from
omitted variable bias. Birth intervals are not randomly distribution across families, and it might
be the case that children born after short birth intervals are more likely to be born to mothers
with worse health, for example.

This surprising finding triggered a number of follow-up studies using the same research de-
sign. A study using data from Canada (Hanley et al., 2017) reached the same conclusions as
the paper by Ball et al. (2014). Studies using data from Sweden also found that short IPIs were
no longer associated with the risk of LBW or SGA when using a fixed effects analysis (Class
et al., 2017; Barclay et al., 2020). However, some follow-up studies have reached different
conclusions, particularly when examining preterm birth. Studies using data from the United
States (Shachar et al., 2016; Mayo et al., 2017; Lonhart et al., 2019) have shown that short IPIs
(variously defined as 0-5 months or 0-18 months) are associated with the risk of preterm birth
even when comparing siblings born to the same mother, as has research using data from Sweden
(Class et al., 2017) and the Netherlands (Koullali et al., 2017), though the latter study condi-
tioned on the mother having had a preterm birth at parity one. A recent review of the evidence
in high-income countries has concluded that the findings are mixed and further research that
carefully takes potential confounding into consideration is needed (Ahrens et al., 2019).

Previous Research on Birth Spacing and Long-term Outcomes in High-income Countries.
In comparison to the voluminous literature on birth spacing and perinatal outcomes, there is far
less research on the long-term consequences of birth intervals (Steelman et al., 2002). Research
using standard regression approaches has consistently found that short birth spacing and higher
overall sibling density are associated with worse long-term outcomes, such as lower test scores,
or a lower likelihood of making educational transitions (Dandes and Dow, 1969; Pfouts, 1980;
Powell and Steelman, 1990, 1993). Recent studies that have attempted to identify the net effect
of birth spacing on educational and cognitive outcomes using instrumental variables and sibling
fixed effects have, however, come to differing conclusions.

Using data from the National Longitudinal Survey of Youth (NLSY79), Buckles and Munnich
(2012) applied miscarriage as an instrument for birth spacing (a miscarriage induces a longer
birth interval than would otherwise be expected) and found that a 12 month increase in spac-
ing increased test scores for the older sibling in a sibling-pair by approximately 0.17 standard
deviations, and spacing less than 2 years negatively affected both math and reading scores sig-
nificantly. However, they did not find that spacing affected the younger sibling of the pair.
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Using Swedish population data, Pettersson-Lidbom and Skogman Thoursie (2009) leveraged a
1980 policy reform that encouraged women to have shorter birth intervals in order to increase
the value of their parental leave benefits as an instrument for birth interval length. They found
that longer birth intervals were associated with a higher probability of completing the academic
track of upper secondary education: a one-month decrease in spacing decreased the probability
of this very specific educational outcome by 2 percentage points, which is an enormous effect if
extrapolated to longer intervals (Pettersson-Lidbom and Skogman Thoursie, 2009). Pettersson-
Lidbom and Skogman Thoursie (2009) did not examine any other measures of educational
achievement or attainment.

A study by Nguyen (2014, Chapter 4), using data on 800 sibling pairs from the National
Longitudinal Study of Adolescent to Adult Health (Add Health), found that birth spacing was
no longer associated with test scores, educational attainment, or earnings after applying the
sibling comparison design. Further studies based on Swedish population registers and sibling
comparisons found that birth intervals were not substantively or significantly associated with
high school GPA, cognitive scores, educational attainment, earnings, unemployment, receiving
welfare support, or multiple dimensions or health and mortality after comparing siblings sharing
the same mother and father (Barclay and Kolk, 2017, 2018). Consistent with Barclay and Kolk
(2017, 2018), Grätz (2018) reported that birth spacing has no effect on cognitive scores or upper
secondary attendance (Gymnasium) in Germany after applying sibling fixed effects.

Although the findings from these studies examining long-term outcomes in relation to birth
intervals are mixed, the divide seems to be primarily along methodological lines. Studies
that have use instrumental variables to estimate the effects of birth intervals have found that
shorter intervals are associated with worse educational outcomes (Buckles and Munnich, 2012;
Pettersson-Lidbom and Skogman Thoursie, 2009), while studies that have applied a sibling
comparison approach do not find any association between the length of birth intervals and long-
term outcomes (Nguyen, 2014; Barclay and Kolk, 2017, 2018; Grätz, 2018).

Nevertheless, it is certainly possible that birth spacing could affect long-term outcomes in the
United States; research on the link between IPIs and perinatal outcomes suggests a persistent
association in the US, but less elsewhere (Shachar et al., 2016; Mayo et al., 2017; Lonhart
et al., 2019), and there is a large body of literature showing that preterm birth and LBW are
associated with lower test scores, and lower educational and socioeconomic attainment (Conley
and Bennett, 2000; Behrman and Rosenzweig, 2004; Black et al., 2007; D’Onofrio et al., 2013;
Baranowska-Rataj et al., 2019).
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Birth Intervals and Offspring Outcomes: Potential Explanatory Mechanisms. Before turn-
ing to our empirical analysis, we briefly review the literature concerning the potential mecha-
nisms by which birth interval length could affect child outcomes. Broadly speaking, these fall
into three families: physiological explanations, social and environmental explanations, and se-
lection processes.

Physiological Explanations. A detailed review of potential mechanisms linking birth intervals
to perinatal and child health outcomes by Conde-Agudelo et al. (2012) reported that there were
at least six plausible physiological mechanisms, and these included: maternal nutrient depletion,
folate depletion, cervical insufficiency, vertical transmission of infections, suboptimal lactation
related to breastfeeding-pregnancy overlap, and physiological regression. Most of these the-
ories point to the risks of short birth intervals, where the mother has simply not had enough
time to recover from the previous pregnancy. For example, the maternal nutrient depletion and
folate depletion hypotheses are based upon studies showing that particularly short intervals do
not enable the mother to re-accumulate all of the nutrients to a level that is optimal for the
development of a new foetus (King, 2003; Smits and Essed, 2001).

As described in the review of previous empirical research, intervals longer than five years
have also been linked with worse perinatal outcomes. One potential explanation that has been
offered to explain this phenomenon is the role of physiological regression, whereby the phys-
iological adaptations experienced by the mother during pregnancy return over time to a phys-
iological state more akin to that seen amongst women who have not experienced pregnancy
before (Zhu et al., 1999). Research suggests that long IPI’s can also increase the relative risk of
pregnancy complications, which may also contribute to the increased risk of poor outcomes for
infants (Gebremedhin et al., 2020).

Social and Environmental Explanations. Social and environmental factors may be important
for both the association between birth intervals and poor perinatal outcomes as well as for any
potential long-term effects of birth spacing. For example, socioeconomic variation in house-
hold resources that affects nutrition or access to health care could affect birth spacing as well as
perinatal health outcomes. Furthermore, closely spaced siblings, and the average spacing in the
sibling group as a whole, may affect access to parental resources, time, and investment (Blake,
1989). On average we may expect infants and children to receive more attention and focus from
parents during the early years of life if they are not competing with another newly born sibling.
Short birth intervals could plausibly affect both the older and younger of any given sibling pair,
but the detrimental impact is potentially worse for the younger of the pair given empirical evi-
dence regarding the importance of early life investments for long-term development trajectories
(Cunha et al., 2006; Heckman, 2006).
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The spacing of siblings within the household has also been linked to the degree of intellectual
stimulation experience by children (Zajonc, 1976). This perspective, known as the confluence
hypothesis, argues that a child’s intellectual development is linked to the degree of stimulation
experienced in the household, and that the average degree of stimulation experienced is strongly
linked to the intellectual maturity of the other members of the household (Zajonc and Markus,
1975). Shorter birth intervals would therefore mean more interactions with relatively younger
siblings, who would be less intellectually stimulating than both parents and older siblings.

Spacing between siblings may also affect transmission of infections. Research suggests that
the younger sibling in a sibling dyad where the birth interval is approximately two years is
particularly likely to be infected by diseases brought into the home environment by the older
sibling of the pair (Conde-Agudelo et al., 2012). Although most of the infections transmitted
between children in high-income countries today are rhinovirus–variants with negligible long-
term health or development consequences (Peltola et al., 2008), in early 20th century Utah it is
possible that some infectious diseases may have been more serious. For example, the United
States experienced regular epidemics of poliomyelitis from the beginning of the 20th century
until a vaccine was developed in the 1950s (Paul et al., 1971). However, today the transmission
of infectious diseases, to the extent that they are mild, may actually improve immune system
development and performance, a theory that has been dubbed the hygiene hypothesis (Strachan,
1989).

Selection Processes. Although there are numerous plausible mechanisms linking birth spacing
to short- and long-term offspring outcomes, the empirical evidence suggests that birth spacing is
not randomly distributed across families (Gemmill and Lindberg, 2013). Data from the United
States from 2006–2010 shows that births following interpregnancy intervals of 18 months or
less were most common amongst relatively disadvantaged, and relatively advantaged mothers:
for example, IPIs shorter than 18 months most common amongst both teenage mothers, and
mothers aged 30 and older, and amongst both those with less than a high school as well as those
with a college degree (Gemmill and Lindberg, 2013). However, births following short intervals
were reported as intended by more advantaged mothers, and as being mistimed or unwanted
amongst the less advantaged mothers (Gemmill and Lindberg, 2013). Further evidence for the
non-random distribution of birth spacing across families has emerged from the various studies
that have found that birth intervals have a smaller association with child outcomes after adjust-
ing for factors at the parental level that jointly influence both the timing and spacing of births as
well as short- and long-term health and socioeconomic outcomes amongst children (Ball et al.,
2014; Hanley et al., 2017; Barclay and Kolk, 2017, 2018; Grätz, 2018).
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DATA AND METHODS

Data. In this study we use the Utah Population Database to examine the relationship between
birth intervals and preterm birth, low birth weight, infant mortality, obtaining a college de-
gree, educational attainment, occupational attainment, and mortality in adulthood. The Utah
Population Database (UPDB) at the Huntsman Cancer Institute at the University of Utah is a
remarkable source of in-depth information that supports research on genetics, epidemiology,
demography, and public health. The central component of the UPDB is an extensive set of Utah
family histories, in which family members are linked to demographic and medical information.
Records are linked into family pedigrees spanning many generations based on genealogies from
the Genealogical Society of Utah as well from Utah state vital records. The UPDB includes di-
agnostic records about cancer, cause of death, and medical details associated with births.

In this study we use data on cohorts born from 1947 to 2016 to study how birth intervals
are associated with the probability of low birth weight, preterm birth, and infant mortality.
Our analyses of college degree attainment, overall educational attainment, and occupational
attainment are based upon cohorts born 1950–1980. Our analyses of mortality in adulthood are
based upon cohorts born 1900–1949, meaning that we observe men and women up to at least
age 67 in our youngest birth cohort.

The measure for the birth interval that we use in this study is the length of the birth-to-birth
interval, meaning the period of time in months from one live birth to another. We categorise the
length of the birth interval into 10 different categories, which, apart from the shortest category
of 9-12 months, are 6 month periods from a minimum of 13 months to 60 months or longer
(9-12, 13-18, 19-24, ..., 55-60, 60+). In our analyses we choose a reference category for the
preceding and subsequent birth interval of 25-30 months. The distribution of birth intervals
from 1900-2016 in Utah is shown in Figure 1. We drop families with multiple births.

Our analysis is based upon the population of sibling groups with at least three children. The
reason that we focus upon sibling groups with at least three children is that the sibling fixed
effects models that we employ, described in greater detail below, exploit variance within the
sibling group in order to generate the estimates. Thus, we need to observe at least two birth
intervals within a sibling group in order to be able to estimate the relationship between birth
interval length and the outcomes that we examine. To have information on the length of the
preceding birth interval we also need to observe at least two sets of sibling-pairs with adjacent
birth orders in each sibling group. By two sets of sibling-pairs with adjacent birth orders, we
mean that we should have at least two children where are are able to observe the timing of birth
for both the index child as well as the older sibling, in order to be able to calculate the length of
the preceding birth interval.
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FIGURE 1. Distribution of the length of preceding birth intervals in months by
birth cohort in Utah, 1900-2016.

Outcome Variables.

Low Birth Weight. Infants with birth weight less than 2500g are classified as being born with
low birth weight.

Preterm Birth. Following standard practice, we categorize preterm births as those births that
occur before 37 weeks of gestation.

Infant Mortality. Infant mortality is defined as death in the first 12 months of life.

College Graduation and Occupational Attainment. Our measures of college graduation and
occupational attainment are drawn from birth certificate data, where the educational and oc-
cupational characteristics of the parents are recorded. That is to say, we can only measure
the educational and occupational attainment of index individuals who go on to become parents
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themselves. To a certain extent this means that we condition on advantage, as childless individ-
uals are often disadvantaged in terms of health and socioeconomic factors. It also means that
the age at measurement of educational and socioeconomic varies across individuals by age at
childbearing. Utah has one of the highest fertility rates of any States in the United States, so the
relative percentage missing for this reason is lower than it might otherwise be.

The measure of occupation status is based on a transformation of the occupational data to the
Nam-Powers-Boyd Occupational Status Score (Nam and Powers, 1968; Nam and Boyd, 2004).
The Nam-Powers-Boyd score is a measure of occupational prestige that ranges from 1–100.
Occupations that rank at the top of the scale include physicians, surgeons, lawyers, and judges
(all with scores of 100), and occupations at the bottom of the scale include dishwashers (1),
and housekeeping cleaners (6). Some additional examples may assist the interpretation of the
results: hairdressers have a score of 27; bus drivers 32; pre-school teachers 50; mail carriers 63;
firefighters 76; civil engineers 93; and, sociologists 82.

Adult Mortality. To study mortality we examine cohorts born 1900-1949, with follow-up to
2016. Data on mortality is draw from genealogical records as well as Social Security derived
death certificates. This means that we are able to observe deaths occurring in the United States
even if they occur outside of Utah.

Covariates. In addition to our main explanatory variable, the length of birth intervals, we in-
clude several covariates in our models that are likely to be associated with both birth spacing
as well as long-term health. Factors such as birth order, parental age at the time of birth, and
birth year may be associated with birth interval length, and are also associated with peri-natal
health outcomes. We include controls for birth order as both the confluence hypothesis and
the resource dilution hypothesis predict independent effects of birth order and birth spacing,
and previous research has indicated that birth order is related to the probability of low birth
weight and preterm birth (Kramer, 1987; Shah, 2010). Birth interval length is also likely to
be associated with maternal age, and maternal age is associated with perinatal outcomes and
infant mortality (Andersen et al., 2000; Finlay et al., 2011). We adjust for maternal age using
five-year categories. It is well known that there are secular trends in infant mortality rates and
the incidence of low birth weight and preterm birth, so we also adjust our analyses for birth
year, using individual-year dummies. We also adjust for offspring sex.

Statistical Analyses.

Perinatal Outcomes. To study the relationship between birth intervals and the outcomes LBW,
preterm birth, and infant mortality we use linear regression, and linear regression with sibling
fixed effects, in the form of linear probability models. The fixed effects are applied to the
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sibling group, meaning that we conduct a within-family comparison. The use of sibling fixed
effects implicitly adjusts for all factors that remain constant within the sibling group. This
means that the within-family comparison adjusts for the size of the sibling group, as well as
parental resources, to the degree that the latter remains constant. The fixed effects approach
also inherently adjusts for factors that are difficult to observe and measure, such as all elements
of shared socioeconomic background and general parenting style, to the extent that such factors
are indeed shared by siblings.

For each outcome, LBW, preterm birth, and infant mortality, we estimate two different mod-
els: one between-family comparison and one within-family comparison examining the relation-
ship between the preceding birth interval and the outcome variable:

yi = β1BIi +β2Sexi +β3BirthOrderi +β4Sizei +β5MatAgei +β6BirthYeari +α + εi(1)

yi j = β1BIi j +β2Sexi j +β3BirthOrderi j +β4MatAgei j +β5BirthYeari j +α j + εi j(2)

where yi j is the outcome for individual i in sibling group j on preterm birth and LBW. In
Model 1 we use a regular linear regression, meaning a between-family comparison, to ex-
amine the relationship between BIi, the length of the preceding birth interval, and control
for biological sex, birth order (2,3, ...,10+), sibling group size (2,3, ...,10+), maternal age
(15− 19,20− 24, ...,40− 44,45+), and birth year. BIi is entered into the model as a series of
10 dummy variables based on 6-month categories for the length of the preceding birth interval.
In Model 1 our analysis population is second and later-born children in sibling groups with at
least three children, meaning that we exclude first-borns as they have no value for the length
of the preceding interval. In Model 2 we introduce the sibling fixed effect α j, and remove the
control for sibling group size as that is adjusted for in the fixed effect approach. We use the
sample analysis sample for Model 2 as that used in Model 1. We regard Model 2 as an improve-
ment on Model 1 as the sibling comparison approach that we use in Model 2 minimises residual
confounding from unobserved factors that are shared by siblings.

We also examine whether the association between birth intervals and the perinatal outcomes
that we study varies by birth cohort:

yi = β1Cohorti×BIi +β2Sexi +β3BirthOrderi +β4Sizei +β5MatAgei +β6BirthYeari +α + εi(3)

yi j = β1Cohorti j×BIi j +β2Sexi j +β3BirthOrderi j +β4MatAgei j +β5BirthYeari j +α j + εi j(4)
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where Cohort refers to birth cohort grouped as follows: 1947–1959; 1960–1969; 1970–1979;
1980–1989; 1990–1999; 2000-2009; and, 2010–2016. In these models we also include a con-
tinuous term for birth year to adjust for any linear effect of birth year within the broader cohort
groups.

Educational and Occupational Outcomes. To study the relationship between birth intervals and
college degree attainment and occupational status we use linear regression, and linear regres-
sion with sibling fixed effects. Occupational status is a continuous variable, but college degree
attainment is a binary variable, and for those analyses our models take the form of linear prob-
ability models:

yi = β1BIi +β2Sexi +β3BirthOrderi +β4Sizei +β5MatAgei +β6BirthYeari +α + εi(5)

yi j = β1BIi j +β2Sexi j +β3BirthOrderi j +β4MatAgei j +β5BirthYeari j +α j + εi j(6)

where yi j is the outcome for individual i in sibling group j on college degree attainment, ed-
ucational attainment in years, and occupational status. In Model 5 we use a regular linear
regression, meaning a between-family comparison, to examine the relationship between BIi, the
length of the preceding birth interval, and control for biological sex, birth order, sibling group
size, maternal age, birth year. BIi is entered into the model as a series of 10 dummy variables
based on 6-month categories for the length of the preceding birth interval. In Model 5 our anal-
ysis population is second and later-born children in sibling groups with at least three children,
meaning that we exclude first-borns as they have no value for the length of the preceding in-
terval. In Model 6 we introduce the sibling fixed effect α j, and remove the control for sibling
group size as that is adjusted for in the fixed effect approach. We use the sample analysis sample
for Model 6 as that used in Model 5. We regard Model 6 as an improvement on Model 5 as
the sibling comparison approach that we use in Model 6 minimises residual confounding from
unobserved factors that are shared by siblings. To this end we are much better able to isolate
the net effect of birth intervals on the multiple long-term outcomes that we study.

Adult Mortality. To study mortality, we use survival analysis in the form of Cox proportional
hazard regressions (Cox, 1972). The proportional hazards model is expressed as:

h(t|X1, ...,Xk) = h0(t) exp

(
k
∑
j=1

β jX j(t)

)
(7)

where h(t|X1, ...,Xk) is the hazard rate for individuals with characteristics X1, ...,Xk at time t,
h0(t) is the baseline hazard at time t, and β j, j = 1, ...,k are the estimated coefficients. Since
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the failure event in our analysis is the death of the individual, the baseline hazard of our model,
h0(t), is age. Individuals are censored at death, or in 2016; whichever comes first. To estimate
a sibling comparison model we used stratified Cox models (Allison, 2009), stratified by the
shared sibling group ID. The stratified Cox model takes the following form, where the hazard
for an individual from stratum s is:

hs(t|X1, ...,Xk) = h0s(t) exp

(
k
∑
j=1

β jX j(t)

)
(8)

where h0s(t) is the baseline hazard for stratum s, s = 1, ...,S. Each stratum, s, is a sibling group.
In the standard Cox proportional hazard regression the baseline hazard h0 is common to all
individuals in the analysis. In the stratified Cox model, above, we allow the baseline hazard
to differ between strata, based upon the assumption that there are unobserved factors particular
to each sibling group that may confound the relationship between birth intervals and mortality
in adulthood (Allison, 2009, chapter 5). As with the fixed effects approach applied to linear
regression, these stratified Cox models adjust for all time-invariant factors that are shared by
siblings. We estimate the following models:

logh(t) = β1BIi +β2Sexi +β3BirthOrderi +β4MatAgei +β5BirthYeari +β6Sizei(9)

logh(t) = β1BIi j +β2Sexi j +β3BirthOrderi j +β4MatAgei j +β5BirthYeari j +α j(10)

where loghi(t) is the log hazard of mortality, α j is the fixed effect for sibling group j, and the
index i j refers to the individual i in sibling group j. As with the linear regression analyses, BIi

is entered into the model as a series of 10 dummy variables based on 6-month categories for
the length of the preceding birth interval. In Model 9 our analysis population is second and
later-born children in sibling groups with at least three children, meaning that we exclude first-
borns as they have no value for the length of the preceding interval. In Model 10 we introduce
the sibling fixed effect α j, and remove the control for sibling group size as that is implicitly
adjusted for. We use the same analysis sample for Model 10 as that used in Model 9. We regard
Model 10 as an improvement on Model 9 as the stratified approach that we use in Model 10
minimises residual confounding from unobserved factors that are shared by siblings.

RESULTS

Descriptives. Table 2 shows descriptive statistics for the outcome and covariates by categories
of the length of the preceding birth interval for each of the five outcomes that we study: low
birth weight, preterm birth, college graduation, occupational status, and mortality.
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16 BIRTH SPACING IN UTAH

Approximately 4% of all births in the cohorts that we study were low birth weight, and
6% preterm. The clearest pattern by birth intervals is the much higher proportion of those
born after 9-12 months who were LBW or preterm – 12% and 15% respectively. Otherwise
we see that those born after intervals of 13-18 months, or longer than 60 months, are slightly
overrepresented amongst those born LBW or preterm. Likewise, we see that those born 9-12
months after the preceding sibling have a much higher probability of infant mortality – 0.033 –
than those born after intervals longer than 18 months, whose probability of dying in the first 12
months of life ranges between 0.008 and 0.011. In our analytical sample, approximately 30%
had a college degree. Amongst those born after 9-12 months, however, only 23% had a degree.
Amongst those born after intervals of 13-18 months, and longer than 49 months, slightly less
than 30% had a college degree. The mean occupational status on the Nam-Powers-Boyd scale
was 55.9 in our analytical sample. The only really noticeable deviation away from this mean
is found amongst those born after intervals of 9-12 months, who had a score of 52.9. Finally,
the descriptives from the mortality analysis sample show that unconditional mortality rates in
our sample were actually highest amongst those born after an interval of 25-30 months, and
lower amongst those born after very birth interval up to 18 months, and even lower amongst
those born after intervals longer than 55 months. The bivariate pattern in the mortality data is
therefore distinctive from the patterns observed in the other sample groups.

Low Birth Weight. The results from analyses examining the relationship between the length of
preceding birth intervals and the probability of low birth weight can be seen in Figure 2. Figure
2 shows the results from four models: a pooled analysis, with and without sibling fixed effects,
and the results from a model where birth intervals have been interacted with birth cohort, again
with and without sibling fixed effects. The pooled analyses, in the bottom-right octant, show that
the shortest preceding birth intervals are associated with a higher probability of LBW in both
the within- and between-family comparisons. In the within-family model, children born after a
birth interval of 9-12 months were estimated to have a 0.056 higher probability of LBW relative
to children born after a birth intervals of 25-30 months. The baseline probability of LBW in the
analytical sample across these cohorts is 0.044, meaning that the relative probability of LBW
is more than twice as high for children born after an interval of only 9-12 months. Intervals of
13-18 months are associated with a much smaller elevated probability, a little over 0.01 higher
than the reference category, or approximately 24% higher relative to the baseline. Intervals of
19–36 months lead to very similar outcomes. Where the results from the between- and within-
family analyses clearly diverge is for children born after intervals longer than 37 months; in
the between-family comparison, longer intervals are associated with an increased probability of
LBW, while the within-family comparisons indicate a protective effect of longer birth intervals.
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FIGURE 2. The relationship between the length of the preceding birth interval
and probability of low birth weight, sibling groups with at least 3 children born in
Utah 1947-2016, by birth cohort group. Results from linear probability models
applying sibling fixed effects.

The results from the models interacting birth intervals by birth cohort are share a common
reference category – children born after 25–30 months in 1990–1999. The results from these
analyses show that birth intervals of only 9-12 months are associated with a very substantially
higher probability of LBW regardless of birth cohort, and there are few clear divergences from
the patterns shown in the pooled analyses. It might be noted that the higher probability of LBW
seen in the between-family analyses is perhaps most evident from 2000 onwards. Full tables of
results can be seen in Supplementary Tables S1 and S2.

Preterm Birth. Figure 3 shows the results from models examining the link between the prob-
ability of preterm birth and birth intervals. Full tables of results can be seen in Supplementary
Tables S3 and S4. Figure 3 also shows the results from four models, parallel to those shown
in Figure 2. The results in the bottom-right octant from the pooled analysis show that birth



18 BIRTH SPACING IN UTAH

-0.050

0.000

0.050

0.100

0.150

-0.050

0.000

0.050

0.100

0.150

9-
12

13
-1

8
19

-2
4

25
-3

0
31

-3
6

37
-4

2
43

-4
8

49
-5

4
55

-6
0

>6
0

9-
12

13
-1

8
19

-2
4

25
-3

0
31

-3
6

37
-4

2
43

-4
8

49
-5

4
55

-6
0

>6
0

9-
12

13
-1

8
19

-2
4

25
-3

0
31

-3
6

37
-4

2
43

-4
8

49
-5

4
55

-6
0

>6
0

9-
12

13
-1

8
19

-2
4

25
-3

0
31

-3
6

37
-4

2
43

-4
8

49
-5

4
55

-6
0

>6
0

1947-1959 1960-1969 1970-1979 1980-1989

1990-1999 2000-2009 2010-2016 Pooled

Fixed Effects No Fixed Effects

Pr
ob

ab
ilit

y 
of

 P
re

te
rm

 B
irt

h

Preceding Birth Interval (months)

FIGURE 3. The relationship between the length of the preceding birth interval
and probability of preterm birth, sibling groups with at least 3 children born in
Utah 1947-2016, pooled and by birth cohort group.

intervals of 9-12 months are associated with a substantially higher probability of preterm birth
– estimated to be 0.064 in the within-family comparison, and 0.096 in the between-family com-
parison. The baseline probability of preterm birth across these cohorts was 0.062. Children
born after an interval of 13-18 months had an elevated probability of 0.012 in the within-
family comparison, and 0.020 in the between-family comparison, of being born preterm. In
the between-family comparisons intervals between 19 and 60 months were associated with sim-
ilar probabilities of preterm birth, while intervals longer than 5 years were associated with an
increased probability of preterm birth. However, in the within-family comparison, longer birth
intervals were associated with a lower probability of preterm birth. The protective effect of
longer birth intervals can be seen across all birth cohorts in the within-family comparisons.
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FIGURE 4. The relationship between the length of the preceding birth interval
and probability of infant mortality, sibling groups with at least 3 children born
in Utah 1947-2016.

Infant Mortality. The results for infant mortality can be seen in Figure 4. Due to the relative
infrequency of this outcome, we focus on the pooled results rather than also presenting the in-
teraction by birth cohort. The results from the analysis without a sibling comparison shows that
birth intervals shorter than 19 months are associated with a higher probability of mortality in the
first 12 months of life, and this is particularly clear for intervals of 9-12 months, which, consis-
tent with the pattern shown in the descriptives, have a probability approximately 2 percentage
points higher than the reference category to experience infant mortality. In the between-family
comparison there is no discernible meaningful variation in outcomes for children born after
intervals longer than 18 months. The results from the sibling comparison models also point
towards a higher probability of mortality for infants born after an interval of 9-12 months, but
surprisingly also indicate that there is a lower probability of mortality for infants born after
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FIGURE 5. The relationship between the length of the preceding birth inter-
val and probability of college graduation at time of latest childbearing, sibling
groups with at least 3 children born in Utah 1950-1980.

intervals of 13-24 months, or longer than 60 months. A full table of results can be seen in
Supplementary Table S5.

College Graduation. We now turn to several longer-term outcomes. Figure 5 shows the results
from models that examine the relationship between the length of the preceding birth interval
and the probability of attaining a college degree. The baseline probability of graduating from
college for these cohorts, born 1950–1980, was 0.304. The results from the between-family
comparisons show an inverted J-curve, where men and women born after birth intervals of 9-12
months, or longer than 31 months, have a lower probability of graduating from college than
those born after intervals of 25-30 months. Relative to the baseline probability, the relative
difference for those born after 9-12 months is approximately 10% lower, and for those born
after an interval of 5 years or longer it is approximately a third lower. However, the results
from the sibling fixed effects analysis show no substantial, and only one statistically significant,
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FIGURE 6. The relationship between the length of the preceding birth interval
and occupational status measured at time of latest childbearing, sibling groups
with at least 3 children born in Utah 1950-1980.

differences from the reference category. Even if we relied only on the point estimates, the
within-family comparison would suggest that the largest difference in the probability of college
graduation by birth intervals would be only approximately 3% relative to the baseline. The
results from the within-family comparison models strongly support the conclusion that birth
intervals do not matter for the probability of college graduation in Utah, with the possibility
that intervals longer than 36 months are mildly protective. A full table of results can be seen in
Supplementary Table S6.

Occupational Status. The results for occupational status are shown in Figure 6. A full table
of results can be seen in Supplementary Table S7. As was seen in Figure 5, the results from the
between-family analysis show a clear pattern where those born after very short birth intervals,
or longer intervals (here 43 months or longer), are disadvantaged in terms of occupational status
attainment. The mean score on the Nam-Powers-Boyd scale in our analytical sample is 56, and
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FIGURE 7. The relationship between the length of the preceding birth interval
and hazard of mortality in sibling groups with at least 3 children born in Utah
1900–1956, pooled and by birth cohort group.

the standard deviation is 23. Even in the between-family analysis, the relative disadvantage of
children born after very short or very long birth intervals appears to be small – less than 10%
of one standard deviation for children born after an interval of 9-12 months, and a little over
10% of a standard deviation for children born after an interval of longer than 5 years. However,
in the within-family comparison, there are neither any substantially nor statistically significant
differences in occupational status attainment by the length of the preceding birth interval.

Adult Mortality. Finally, Figure S1 shows the results for the relationship between birth inter-
vals and adult mortality above age 18. A full table of results can be seen in Supplementary
Table S8. All of our sample were followed until at least age 67, and the oldest birth cohort,
born in 1900, would be extinct by the end of our follow-up period in 2016. The results in Fig-
ure S1 do not point to a clear relationship between birth intervals and adult mortality in either
the between- or within-family comparison. There is some suggestion that longer birth intervals
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are associated with higher mortality in the between-family model, particularly amongst those
born after intervals of longer than 5 years; in this case the rate of mortality is 8% higher than
that seen amongst those born after intervals of 25-30 months. However, in the within-family
comparison the point estimates are both smaller, and non-statistically significant.

Additional Analyses. We have also conducted a number of additional analyses, for instance
to examine whether there are significant gender differences in the association between birth
intervals and the five outcomes that we have studied. We did not observe any significant gender
differences. We also examined whether there were differences by maternal education, but there
were no significant differences in our sibling comparison models. To check whether patterns of
mortality might be observable at earlier adult ages, we examined mortality between ages 18 and
40, and these results can be seen in Supplementary Figure S1. Mortality between 18-40 does
not seem to vary meaningfully by the length of inter-birth intervals, though there is an indication
that intervals longer than 5 years may be protective in the sibling comparison analyses.

DISCUSSION

This study adds to a growing literature examining the relationship between birth spacing and
offspring outcomes. We both contribute towards a relatively large literature examining how birth
spacing is associated with perinatal outcomes in contemporary high-income settings, as well as
to a much smaller literature examining how birth spacing may be associated with long-term
outcomes. We find evidence that children born after very short birth intervals of 9-12 months
have a higher probability of being born LBW or preterm in Utah, even in the 2010s. Children
born after intervals of 13-18 months are also at risk, but to a much lesser extent. Unlike a
number of recent studies, we find that short intervals are still associated with the probability of
LBW and preterm even after comparing siblings born to the same parents (c.f. Ball et al., 2014;
Hanley et al., 2017). Although the relative negative impact of being born after a birth interval
of 13-18 months is smaller than being born after an interval 9-12 months, the population health
impact may be comparable, given that the proportion of children born after an interval of 13-18
months is more than four times as large as the proportion of children born after an interval of
9-12 months. We also find evidence that longer birth intervals are protective against the risk
of being born preterm or with LBW, even beyond the interpregnancy intervals recommended
by the American College of Obstetricians and Gynecologists (ACOG) and the World Health
Organization.

Our analyses of infant mortality also show that very short birth intervals increase the proba-
bility of negative outcomes. However, we observe some discrepancies between the estimates for
the between-family comparisons and the within-family comparisons, where the between-family
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comparisons show no meaningful variation amongst birth intervals longer than 18 months, while
the fixed effect analyses actually indicate a protective effect of birth intervals of 13-24 months.
The point estimates in fixed effects analyses are driven by the families in which there is variance
in the exposure, meaning that families that experience only one infant death do not contribute
to these estimates. Families that experience multiple infant deaths are strongly selected, and
this is particularly true in a low-mortality context. Recent research has also highlighted the
possibility that offspring deaths change the fertility behavior of parents, meaning that the length
of the birth interval itself is influenced by the death of the preceding sibling; when the out-
come for one sibling influences the exposure for another, sibling fixed effects models may be
biased (Sjölander et al., 2016; Kravdal, 2020). This is particularly likely for infant mortality,
but may also be true for our analyses of LBW and preterm, and is an important limitation of the
sibling comparison analyses. We would suggest particular caution in the interpretation of the
within-family comparison results for infant mortality.

This study is one of only a handful that have examined the relationship between birth intervals
and long-term outcomes or health outcomes. The results from this study are consistent with the
most recent literature that has compared siblings born to the same parents to examine how
birth intervals are associated with socioeconomic attainment. Previous studies using a sibling
fixed effects analysis and data from Sweden, Germany, and the U.S. have reported that neither
short- nor long-intervals make a difference to long-term outcomes once unobserved factors that
are likely to be correlated with both the timing and spacing of births as well as educational
and occupational attainment are held constant (Nguyen, 2014; Barclay and Kolk, 2017; Grätz,
2018). Our results are also consistent with those reported in a previous study using miscarriage
as an instrument for birth spacing in the United States, which did not report any negative effect
of short birth spacing on the test scores of the younger sibling of a sibling pair (Buckles and
Munnich, 2012). Finally, the results from our analyses of long-term mortality, showing that
birth spacing is inconsequential are also consistent with previous work conducted using Swedish
population data (Barclay and Kolk, 2018).

An interesting inconsistency in our findings is the fact that short birth intervals are associated
with an increased probability of preterm birth and LBW, but not with any long-term disadvan-
tage in terms of educational or occupational attainment, despite the fact that both preterm birth
and LBW have been shown to be associated with long-term socioeconomic and health disad-
vantages (Behrman and Rosenzweig, 2004; Black et al., 2007; D’Onofrio et al., 2013; Petrou
et al., 2001). Furthermore, we observe this inconsistency despite the fact that we are able to
observe the same birth cohorts for both our analyses of perinatal outcomes as well as the long-
term educational and socioeconomic outcomes. One potential explanation for this discrepancy
is that not all children born preterm have worse long-term outcomes. Recent research suggests
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that it is actually mainly children born extremely preterm (< 28 weeks) who suffer long-term
educational disadvantages (Baranowska-Rataj et al., 2019), which may be explained by foetal
brain development trajectories by gestational age (Kinney et al., 1988; Kuban et al., 1999);
however, children born very preterm, or moderately preterm, do not seem to suffer long-term
educational disadvantages (Baranowska-Rataj et al., 2019). Since the proportion of those born
extremely preterm is only a small fraction of the total number of preterm births, this may be
part of the explanation for why there can be an association between birth intervals and preterm
birth, but not birth intervals and educational and occupational attainment. It may also be the
case that parents seek to compensate for potential disadvantage by investing to a greater extent
in children born with worse perinatal outcomes, reducing variation in longer-term outcomes.

It is also possible that the discrepancy between the results for LBW and preterm and the
long-term outcomes is explained by positive selection. As the results from our analyses of
infant mortality show, children born after the very shortest intervals have a significantly higher
probability of dying in the first 12 months of life. This indicates that some of the children
most negatively affected by short birth intervals do not survive to be included in our analytical
sample of long-term outcomes, which would reduce the potential for an association between
short intervals and relatively worse long-term outcomes.

Another potential explanation for the discrepancy between the results for perinatal and long-
term outcomes is the fact that we only observe educational and socioeconomic attainment out-
comes for men and women who become parents themselves. Between 1976 and 2012, child-
lessness amongst women aged 40-44 in the United States ranged between approximately 10%
and 20% (Frejka, 2017). In 2012 childlessness by the end of the childbearing years amongst
women in the United States was around 15%, though it was lower in Utah. Childlessness is
higher amongst men, at around 20% across the U.S. (Monte and Knop, 2019). However, even
if childlessness means that we only lose information on the educational and occupational at-
tainment of 10% of each cohort, this is problematic because childlessness is correlated with
socioeconomic and health disadvantages (Jokela et al., 2008; Waren and Pals, 2013; Barclay
and Kolk, 2020). As a result, we may miss information on a more disadvantaged section of
the population, and subsequently underestimate the negative effects of very short, or very long,
birth intervals on educational and socioeconomic outcomes. Although this concern is certainly
reasonable, the results from our between-family analyses examining college graduation and oc-
cupational status do indicate a J-shaped pattern where those born after short or longer intervals
have worse outcomes, meaning that the selection into the sample does not wipe out the associ-
ation between birth spacing and long-term outcomes; however, our sibling comparison models,
which adjust for unobserved factors that remain constant within the family, indicate that birth
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spacing does not matter after this adjustment, and this is very clearly consistent with previous
work on this topic.

Another limitation of our research design is that we study the impact of birth spacing on a va-
riety of different outcomes using data from families with at least three children. This approach,
common in the literature using sibling fixed effects to study birth intervals, was necessary in
order to implement our sibling comparison design, as a sibling group with two children does
not have any variance on the length of the birth interval, and cannot be exploited for an analysis
of the impact of birth intervals (Hutcheon and Harper, 2019). This means that we exclude both
children without any siblings, as well as children raised in two-child sibling groups, which are
amongst the most common family sizes, though Utah does have unusually high rates of fertility.
Although this potential limits the generalisability of our findings, it is important to note that
one-child sibling groups do not have a birth interval to study, and that a high proportion of all
measurable birth intervals occur in sibling groups with three or more children, for the simple
reason that there are twice as many birth intervals in a three-child sibling group as a two-child
group, three times as many in a four-child sibling group, and so on. Given the hypothesised
mechanisms by which short intervals should lead to worse outcomes, we would also expect the
consequences of multiple short intervals to be worse in larger sibling groups than in a two-child
sibling group, as multiple short intervals in larger sibling groups would further exacerbate fac-
tors such as maternal nutrient depletion, or resource dilution amongst siblings at pivotal young
ages.

Despite some limitations, we argue that this study is an important contribution to the literature
in several respects. This is the first study using population data, albeit at the state-level, from
the United States to examine long-term offspring outcomes in relation to birth spacing, and the
results from our analyses allow us to conclude that in a country with a much weaker welfare state
system than Sweden or even Germany, extremely short birth intervals have no consequences for
long-term offspring educational, socioeconomic, or mortality outcomes. Second, this study
adds to the weight of evidence that shows that, in contrast to the results for long-term outcomes,
short birth intervals do have consequence for the risk of LBW and preterm birth in contemporary
high-income populations. However, our results also support the theory that longer birth intervals
are protective against poor perinatal outcomes, despite some recommendations that potential
mothers should try to avoid birth intervals longer than 5 years. Furthermore, a potential silver
lining to our finding that short birth intervals predict worse perinatal outcomes is that, amongst
those same cohorts, we do not observe any negative long-term consequences in the outcomes
that we study, which may supply some optimism to the fact that very short birth intervals are
associated with worse perinatal outcomes even in the 2010s.



BIRTH SPACING IN UTAH 27

REFERENCES

ACOG (2019). Obstetric care consensus no. 8 summary: Interpregnancy care. Obstetrics &
Gynecology 133(1), 220–225.

Ahrens, K. A., J. A. Hutcheon, C. V. Ananth, O. Basso, P. A. Briss, C. D. Ferré, B. N. Fred-
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FIGURE S1. The relationship between the length of the preceding birth interval
and hazard of mortality between ages 18-40 in sibling groups with at least 3
children born in Utah 1900–1956, pooled and by birth cohort group.
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Table S1: Results from linear probability models, with and without the
application of sibling fixed effects, regressing low birth weight on the
length of the preceding birth interval, for men and women born in Utah,
1947–2016.

Between-family comparison Within-family comparison

Variable Category β SE 95% CI β SE 95% CI

Birth intervals 9-12 0.0823 0.0024 0.078, 0.087 0.0556 0.0025 0.051, 0.061
13-18 0.0147 0.0008 0.013, 0.016 0.0108 0.0009 0.009, 0.013
19-24 0.0025 0.0007 0.001, 0.004 0.0028 0.0007 0.001, 0.004
25-30 (ref) 0.0000 0.0000
31-36 0.0000 0.0007 -0.001, 0.001 -0.0023 0.0008 -0.004, -0.001
37-42 0.0038 0.0008 0.002, 0.005 -0.0020 0.0009 -0.004, 0.000
43-48 0.0039 0.0009 0.002, 0.006 -0.0046 0.0011 -0.007, -0.002
49-54 0.0057 0.0011 0.003, 0.008 -0.0059 0.0013 -0.009, -0.003
55-60 0.0091 0.0013 0.006, 0.012 -0.0070 0.0016 -0.010, -0.004
60+ 0.0201 0.0010 0.018, 0.022 -0.0073 0.0014 -0.010, -0.005

Sex Male (ref) 0.0000 0.0000
Female 0.0091 0.0004 0.008, 0.010 0.0083 0.0005 0.007, 0.009

Birth order 2 (ref) 0.0000 0.0000
3 -0.0011 0.0006 -0.002, 0.000 -0.0107 0.0009 -0.012, -0.009
4 0.0025 0.0008 0.001, 0.004 -0.0224 0.0015 -0.025, -0.019
5 0.0040 0.0011 0.002, 0.006 -0.0327 0.0022 -0.037, -0.028
6 0.0061 0.0014 0.003, 0.009 -0.0419 0.0028 -0.047, -0.036
7 0.0053 0.0018 0.002, 0.009 -0.0517 0.0034 -0.058, -0.045
8 0.0074 0.0024 0.003, 0.012 -0.0590 0.0041 -0.067, -0.051
9 0.0045 0.0032 -0.002, 0.011 -0.0701 0.0048 -0.080, -0.061
10 0.0090 0.0035 0.002, 0.016 -0.0783 0.0056 -0.089, -0.067

Birth year 1947 0.0113 0.0042 0.003, 0.019 -0.1720 0.0128 -0.197, -0.147
1948 0.0121 0.0036 0.005, 0.019 -0.1716 0.0124 -0.196, -0.147
1949 0.0141 0.0032 0.008, 0.020 -0.1630 0.0120 -0.187, -0.139
1950 0.0146 0.0030 0.009, 0.020 -0.1573 0.0117 -0.180, -0.134
1951 0.0179 0.0029 0.012, 0.024 -0.1520 0.0114 -0.174, -0.130
1952 0.0093 0.0027 0.004, 0.015 -0.1559 0.0111 -0.178, -0.134
1953 0.0101 0.0027 0.005, 0.015 -0.1479 0.0108 -0.169, -0.127
1954 0.0114 0.0026 0.006, 0.017 -0.1432 0.0106 -0.164, -0.122
1955 0.0097 0.0026 0.005, 0.015 -0.1391 0.0103 -0.159, -0.119
1956 0.0041 0.0026 -0.001, 0.009 -0.1410 0.0100 -0.161, -0.121
1957 0.0054 0.0025 0.000, 0.010 -0.1366 0.0097 -0.156, -0.118
1958 0.0091 0.0026 0.004, 0.014 -0.1258 0.0095 -0.144, -0.107
1959 0.0085 0.0026 0.003, 0.014 -0.1223 0.0092 -0.140, -0.104

Continued on next page
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Table S1 – Continued from previous page

Between-family comparison Within-family comparison

β SE 95% CI β SE 95% CI

1960 0.0073 0.0026 0.002, 0.012 -0.1196 0.0090 -0.137, -0.102
1961 0.0063 0.0026 0.001, 0.011 -0.1148 0.0087 -0.132, -0.098
1962 0.0062 0.0026 0.001, 0.011 -0.1110 0.0085 -0.128, -0.094
1963 0.0073 0.0027 0.002, 0.013 -0.1022 0.0082 -0.118, -0.086
1964 0.0087 0.0028 0.003, 0.014 -0.1024 0.0080 -0.118, -0.087
1965 0.0134 0.0030 0.007, 0.019 -0.0922 0.0079 -0.108, -0.077
1966 0.0171 0.0033 0.011, 0.024 -0.0886 0.0077 -0.104, -0.073
1967 0.0115 0.0032 0.005, 0.018 -0.0867 0.0074 -0.101, -0.072
1968 0.3237 0.1979 -0.064, 0.712 0.2402 0.1945 -0.141, 0.622
1969 0.2508 0.1715 -0.085, 0.587 0.1857 0.1527 -0.114, 0.485
1970 0.0110 0.0030 0.005, 0.017 -0.0750 0.0067 -0.088, -0.062
1971 0.0061 0.0029 0.000, 0.012 -0.0783 0.0063 -0.091, -0.066
1972 0.0046 0.0029 -0.001, 0.010 -0.0748 0.0061 -0.087, -0.063
1973 0.0044 0.0028 -0.001, 0.010 -0.0683 0.0058 -0.080, -0.057
1974 -0.0035 0.0025 -0.008, 0.001 -0.0711 0.0054 -0.082, -0.061
1975 -0.0046 0.0024 -0.009, 0.000 -0.0655 0.0052 -0.076, -0.055
1976 -0.0045 0.0024 -0.009, 0.000 -0.0640 0.0049 -0.073, -0.054
1977 -0.0051 0.0023 -0.010, -0.001 -0.0581 0.0046 -0.067, -0.049
1978 -0.0002 0.0023 -0.005, 0.004 -0.0521 0.0043 -0.061, -0.044
1979 -0.0031 0.0022 -0.008, 0.001 -0.0514 0.0040 -0.059, -0.043
1980 -0.0060 0.0022 -0.010, -0.002 -0.0486 0.0038 -0.056, -0.041
1981 -0.0014 0.0022 -0.006, 0.003 -0.0391 0.0036 -0.046, -0.032
1982 0.0013 0.0023 -0.003, 0.006 -0.0355 0.0034 -0.042, -0.029
1983 -0.0022 0.0022 -0.007, 0.002 -0.0321 0.0032 -0.038, -0.026
1984 -0.0012 0.0023 -0.006, 0.003 -0.0261 0.0030 -0.032, -0.020
1985 -0.0021 0.0023 -0.007, 0.002 -0.0239 0.0029 -0.030, -0.018
1986 -0.0043 0.0023 -0.009, 0.000 -0.0234 0.0028 -0.029, -0.018
1987 0.0006 0.0024 -0.004, 0.005 -0.0144 0.0027 -0.020, -0.009
1988 -0.0035 0.0023 -0.008, 0.001 -0.0124 0.0025 -0.017, -0.007
1989 -0.0005 0.0024 -0.005, 0.004 -0.0068 0.0027 -0.012, -0.002
1990 (ref) 0.0000 0.0000
1991 0.0023 0.0025 -0.003, 0.007 0.0056 0.0027 0.000, 0.011
1992 -0.0027 0.0024 -0.007, 0.002 0.0056 0.0026 0.001, 0.011
1993 0.0017 0.0025 -0.003, 0.007 0.0158 0.0028 0.010, 0.021
1994 0.0018 0.0025 -0.003, 0.007 0.0204 0.0029 0.015, 0.026
1995 0.0035 0.0025 -0.001, 0.008 0.0247 0.0030 0.019, 0.031
1996 0.0049 0.0025 0.000, 0.010 0.0331 0.0032 0.027, 0.039
1997 0.0070 0.0025 0.002, 0.012 0.0375 0.0034 0.031, 0.044

Continued on next page
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Table S1 – Continued from previous page

Between-family comparison Within-family comparison

β SE 95% CI β SE 95% CI

1998 0.0090 0.0024 0.004, 0.014 0.0424 0.0036 0.035, 0.049
1999 0.0077 0.0024 0.003, 0.012 0.0469 0.0038 0.039, 0.054
2000 0.0050 0.0023 0.000, 0.010 0.0517 0.0039 0.044, 0.059
2001 0.0037 0.0023 -0.001, 0.008 0.0552 0.0041 0.047, 0.063
2002 0.0057 0.0023 0.001, 0.010 0.0609 0.0044 0.052, 0.070
2003 0.0049 0.0023 0.000, 0.009 0.0685 0.0046 0.059, 0.077
2004 0.0083 0.0023 0.004, 0.013 0.0722 0.0048 0.063, 0.082
2005 0.0105 0.0023 0.006, 0.015 0.0804 0.0051 0.070, 0.090
2006 0.0076 0.0023 0.003, 0.012 0.0835 0.0053 0.073, 0.094
2007 0.0084 0.0023 0.004, 0.013 0.0907 0.0056 0.080, 0.102
2008 0.0070 0.0022 0.003, 0.011 0.0949 0.0058 0.084, 0.106
2009 0.0108 0.0023 0.006, 0.015 0.1052 0.0061 0.093, 0.117
2010 0.0106 0.0023 0.006, 0.015 0.1107 0.0063 0.098, 0.123
2011 0.0064 0.0023 0.002, 0.011 0.1134 0.0066 0.101, 0.126
2012 0.0081 0.0023 0.004, 0.013 0.1198 0.0069 0.106, 0.133
2013 0.0085 0.0023 0.004, 0.013 0.1278 0.0071 0.114, 0.142
2014 0.0093 0.0024 0.005, 0.014 0.1330 0.0075 0.118, 0.148
2015 0.0168 0.0026 0.012, 0.022 0.1406 0.0078 0.125, 0.156
2016 0.0167 0.0027 0.011, 0.022 0.1477 0.0081 0.132, 0.164

Maternal age 15-19 0.0330 0.0024 0.028, 0.038 0.0057 0.0033 -0.001, 0.012
20-24 0.0103 0.0008 0.009, 0.012 -0.0011 0.0016 -0.004, 0.002
25-29 0.0026 0.0006 0.001, 0.004 -0.0001 0.0009 -0.002, 0.002
30-34 (ref) 0.0000 0.0000
35-39 0.0037 0.0008 0.002, 0.005 0.0014 0.0012 -0.001, 0.004
40-44 0.0142 0.0019 0.010, 0.018 0.0043 0.0026 -0.001, 0.009
45+ 0.0284 0.0087 0.011, 0.046 0.0112 0.0090 -0.006, 0.029

Family size 2 (ref) 0.0000
3 -0.3533 0.0163 -0.385, -0.321
4 -0.3577 0.0163 -0.390, -0.326
5 -0.3592 0.0163 -0.391, -0.327
6 -0.3622 0.0163 -0.394, -0.330
7 -0.3616 0.0163 -0.394, -0.330
8 -0.3662 0.0163 -0.398, -0.334
9 -0.3655 0.0164 -0.398, -0.333
10 -0.3683 0.0164 -0.400, -0.336

N 870,180 870,180
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Table S2: Results from linear probability models, with and without the application of sib-

ling fixed effects, regressing low birth weight on an interaction between birth cohort and

the length of the preceding birth interval, for men and women born in Utah, 1950-1980.

Between-family comparison Within-family comparison

Variable Category β SE 95% CI β SE 95% CI

Birth year x 1947-1959, 9-12 0.0864 0.0056 0.086, 0.006 0.0649 0.0061 0.065, 0.006

Birth intervals 1947-1959, 13-18 0.0258 0.0037 0.026, 0.004 0.0239 0.0045 0.024, 0.004

1947-1959, 19-24 0.0173 0.0037 0.017, 0.004 0.0165 0.0044 0.016, 0.004

1947-1959, 25-30 0.0128 0.0037 0.013, 0.004 0.0091 0.0045 0.009, 0.004

1947-1959, 31-36 0.0112 0.0038 0.011, 0.004 0.0083 0.0046 0.008, 0.005

1947-1959, 37-42 0.0145 0.0040 0.014, 0.004 0.0081 0.0048 0.008, 0.005

1947-1959, 43-48 0.0175 0.0042 0.017, 0.004 0.0101 0.0049 0.010, 0.005

1947-1959, 49-54 0.0098 0.0043 0.010, 0.004 -0.0012 0.0052 -0.001, 0.005

1947-1959, 55-60 0.0200 0.0048 0.020, 0.005 0.0017 0.0057 0.002, 0.006

1947-1959, 60+ 0.0262 0.0041 0.026, 0.004 0.0012 0.0049 0.001, 0.005

1960-1969, 9-12 0.0974 0.0067 0.097, 0.007 0.0772 0.0072 0.077, 0.007

1960-1969, 13-18 0.0248 0.0034 0.025, 0.003 0.0239 0.0041 0.024, 0.004

1960-1969, 19-24 0.0095 0.0033 0.009, 0.003 0.0117 0.0040 0.012, 0.004

1960-1969, 25-30 0.0085 0.0034 0.009, 0.003 0.0081 0.0041 0.008, 0.004

1960-1969, 31-36 0.0115 0.0036 0.011, 0.004 0.0082 0.0043 0.008, 0.004

1960-1969, 37-42 0.0162 0.0039 0.016, 0.004 0.0119 0.0047 0.012, 0.005

1960-1969, 43-48 0.0134 0.0041 0.013, 0.004 0.0059 0.0049 0.006, 0.005

1960-1969, 49-54 0.0130 0.0045 0.013, 0.005 0.0001 0.0054 0.000, 0.005

1960-1969, 55-60 0.0146 0.0050 0.015, 0.005 0.0074 0.0057 0.007, 0.006

1960-1969, 60+ 0.0242 0.0038 0.024, 0.004 0.0005 0.0046 0.000, 0.005

1970-1979, 9-12 0.0756 0.0061 0.076, 0.006 0.0559 0.0065 0.056, 0.006

1970-1979, 13-18 0.0115 0.0025 0.012, 0.002 0.0121 0.0029 0.012, 0.003

1970-1979, 19-24 -0.0007 0.0022 -0.001, 0.002 0.0024 0.0026 0.002, 0.003

1970-1979, 25-30 0.0000 0.0023 0.000, 0.002 0.0018 0.0027 0.002, 0.003

1970-1979, 31-36 -0.0013 0.0025 -0.001, 0.002 -0.0023 0.0029 -0.002, 0.003

1970-1979, 37-42 0.0009 0.0028 0.001, 0.003 -0.0054 0.0033 -0.005, 0.003

1970-1979, 43-48 0.0007 0.0030 0.001, 0.003 -0.0088 0.0036 -0.009, 0.004

1970-1979, 49-54 0.0095 0.0037 0.010, 0.004 -0.0054 0.0044 -0.005, 0.004

1970-1979, 55-60 0.0025 0.0039 0.002, 0.004 -0.0093 0.0047 -0.009, 0.005

1970-1979, 60+ 0.0144 0.0031 0.014, 0.003 -0.0100 0.0038 -0.010, 0.004

1980-1989, 9-12 0.0923 0.0070 0.092, 0.007 0.0591 0.0073 0.059, 0.007

1980-1989, 13-18 0.0105 0.0021 0.010, 0.002 0.0086 0.0025 0.009, 0.003

1980-1989, 19-24 -0.0009 0.0018 -0.001, 0.002 0.0002 0.0022 0.000, 0.002

1980-1989, 25-30 -0.0052 0.0018 -0.005, 0.002 -0.0033 0.0022 -0.003, 0.002

1980-1989, 31-36 -0.0035 0.0019 -0.003, 0.002 -0.0039 0.0023 -0.004, 0.002

1980-1989, 37-42 -0.0036 0.0021 -0.004, 0.002 -0.0043 0.0025 -0.004, 0.003

1980-1989, 43-48 -0.0017 0.0023 -0.002, 0.002 -0.0061 0.0027 -0.006, 0.003

1980-1989, 49-54 -0.0058 0.0025 -0.006, 0.003 -0.0109 0.0031 -0.011, 0.003

1980-1989, 55-60 -0.0010 0.0031 -0.001, 0.003 -0.0128 0.0037 -0.013, 0.004

1980-1989, 60+ 0.0079 0.0025 0.008, 0.002 -0.0146 0.0031 -0.015, 0.003

1990-1999, 9-12 0.0796 0.0074 0.080, 0.007 0.0478 0.0080 0.048, 0.008

1990-1999, 13-18 0.0108 0.0022 0.011, 0.002 0.0041 0.0024 0.004, 0.002

1990-1999, 19-24 0.0027 0.0017 0.003, 0.002 0.0020 0.0019 0.002, 0.002

Continued on next page
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Table S2 – Continued from previous page

Between-family comparison Within-family comparison

β SE 95% CI β SE 95% CI

1990-1999, 25-30 (ref) 0.0000 0.0000

1990-1999, 31-36 -0.0014 0.0018 -0.001, 0.002 -0.0033 0.0020 -0.003, 0.002

1990-1999, 37-42 0.0027 0.0021 0.003, 0.002 -0.0034 0.0023 -0.003, 0.002

1990-1999, 43-48 0.0003 0.0023 0.000, 0.002 -0.0071 0.0026 -0.007, 0.003

1990-1999, 49-54 0.0058 0.0028 0.006, 0.003 0.0007 0.0032 0.001, 0.003

1990-1999, 55-60 0.0051 0.0033 0.005, 0.003 -0.0059 0.0037 -0.006, 0.004

1990-1999, 60+ 0.0186 0.0025 0.019, 0.002 -0.0079 0.0029 -0.008, 0.003

2000-2009, 9-12 0.0846 0.0068 0.085, 0.007 0.0483 0.0072 0.048, 0.007

2000-2009, 13-18 0.0162 0.0023 0.016, 0.002 0.0089 0.0027 0.009, 0.003

2000-2009, 19-24 0.0005 0.0018 0.000, 0.002 0.0011 0.0021 0.001, 0.002

2000-2009, 25-30 -0.0003 0.0018 0.000, 0.002 0.0006 0.0021 0.001, 0.002

2000-2009, 31-36 0.0004 0.0018 0.000, 0.002 -0.0021 0.0022 -0.002, 0.002

2000-2009, 37-42 0.0045 0.0021 0.005, 0.002 -0.0007 0.0024 -0.001, 0.002

2000-2009, 43-48 0.0056 0.0023 0.006, 0.002 -0.0048 0.0027 -0.005, 0.003

2000-2009, 49-54 0.0091 0.0028 0.009, 0.003 -0.0053 0.0031 -0.005, 0.003

2000-2009, 55-60 0.0141 0.0034 0.014, 0.003 -0.0060 0.0037 -0.006, 0.004

2000-2009, 60+ 0.0276 0.0026 0.028, 0.003 -0.0009 0.0029 -0.001, 0.003

2010-2016, 9-12 0.0809 0.0095 0.081, 0.009 0.0557 0.0106 0.056, 0.011

2010-2016, 13-18 0.0174 0.0031 0.017, 0.003 0.0151 0.0036 0.015, 0.004

2010-2016, 19-24 0.0024 0.0023 0.002, 0.002 0.0092 0.0028 0.009, 0.003

2010-2016, 25-30 -0.0006 0.0023 -0.001, 0.002 0.0057 0.0027 0.006, 0.003

2010-2016, 31-36 -0.0003 0.0024 0.000, 0.002 0.0034 0.0028 0.003, 0.003

2010-2016, 37-42 0.0079 0.0027 0.008, 0.003 0.0043 0.0031 0.004, 0.003

2010-2016, 43-48 0.0060 0.0029 0.006, 0.003 0.0028 0.0035 0.003, 0.003

2010-2016, 49-54 0.0142 0.0036 0.014, 0.004 0.0041 0.0041 0.004, 0.004

2010-2016, 55-60 0.0203 0.0042 0.020, 0.004 0.0009 0.0048 0.001, 0.005

2010-2016, 60+ 0.0335 0.0032 0.034, 0.003 0.0029 0.0036 0.003, 0.004

Sex Male 0.0000 0.0000

Female 0.0091 0.0004 0.009, 0.000 0.0083 0.0005 0.008, 0.000

Birth order 2 0.0000 0.0000

3 -0.0013 0.0006 -0.001, 0.001 -0.0101 0.0009 -0.010, 0.001

4 0.0022 0.0008 0.002, 0.001 -0.0215 0.0015 -0.022, 0.002

5 0.0038 0.0011 0.004, 0.001 -0.0319 0.0022 -0.032, 0.002

6 0.0059 0.0014 0.006, 0.001 -0.0413 0.0028 -0.041, 0.003

7 0.0051 0.0018 0.005, 0.002 -0.0514 0.0035 -0.051, 0.003

8 0.0071 0.0024 0.007, 0.002 -0.0588 0.0041 -0.059, 0.004

9 0.0044 0.0032 0.004, 0.003 -0.0699 0.0049 -0.070, 0.005

10 0.0089 0.0035 0.009, 0.003 -0.0780 0.0056 -0.078, 0.006

Maternal age 15-19 0.0323 0.0024 0.032, 0.002 0.0062 0.0033 0.006, 0.003

20-24 0.0099 0.0008 0.010, 0.001 -0.0009 0.0016 -0.001, 0.002

25-29 0.0026 0.0006 0.003, 0.001 -0.0003 0.0009 0.000, 0.001

30-34 0.0000 0.0000

35-39 0.0036 0.0008 0.004, 0.001 0.0016 0.0012 0.002, 0.001

40-44 0.0142 0.0019 0.014, 0.002 0.0045 0.0026 0.004, 0.003

45+ 0.0292 0.0087 0.029, 0.009 0.0119 0.0090 0.012, 0.009

Birth year 0.0001 0.0001 0.000, 0.000 0.0046 0.0003 0.005, 0.000

Continued on next page
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Table S2 – Continued from previous page

Between-family comparison Within-family comparison

β SE 95% CI β SE 95% CI

Family size 2 0.0000

3 -0.3539 0.0163 -0.354, 0.016

4 -0.3582 0.0163 -0.358, 0.016

5 -0.3597 0.0163 -0.360, 0.016

6 -0.3628 0.0163 -0.363, 0.016

7 -0.3622 0.0163 -0.362, 0.016

8 -0.3670 0.0164 -0.367, 0.016

9 -0.3663 0.0164 -0.366, 0.016

10 -0.3691 0.0164 -0.369, 0.016

N 870,180 870,180
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Table S3: Results from linear probability models, with and without the
application of sibling fixed effects, regressing preterm birth on the length
of the preceding birth interval, for men and women born in Utah, 1947–
2016.

Between-family comparison Within-family comparison

Variable Category β SE 95% CI β SE 95% CI

Birth intervals 9-12 0.0960 0.0026 0.091, 0.101 0.0644 0.0027 0.059, 0.070
13-18 0.0200 0.0010 0.018, 0.022 0.0122 0.0011 0.010, 0.014
19-24 0.0059 0.0008 0.004, 0.007 0.0056 0.0009 0.004, 0.007
25-30 (ref) 0.0000 0.0000
31-36 0.0001 0.0009 -0.002, 0.002 -0.0030 0.0010 -0.005, -0.001
37-42 0.0017 0.0010 0.000, 0.004 -0.0049 0.0011 -0.007, -0.003
43-48 0.0029 0.0011 0.001, 0.005 -0.0073 0.0013 -0.010, -0.005
49-54 0.0035 0.0013 0.001, 0.006 -0.0116 0.0015 -0.015, -0.009
55-60 0.0057 0.0016 0.003, 0.009 -0.0131 0.0018 -0.017, -0.010
60+ 0.0161 0.0012 0.014, 0.018 -0.0135 0.0015 -0.017, -0.010

Sex Male (ref) 0.0000 0.0000
Female -0.0083 0.0005 -0.009, -0.007 -0.0077 0.0006 -0.009, -0.007

Birth order 2 (ref) 0.0000 0.0000
3 0.0035 0.0007 0.002, 0.005 -0.0077 0.0010 -0.010, -0.006
4 0.0117 0.0009 0.010, 0.014 -0.0159 0.0017 -0.019, -0.012
5 0.0160 0.0012 0.014, 0.018 -0.0239 0.0024 -0.029, -0.019
6 0.0203 0.0016 0.017, 0.023 -0.0313 0.0031 -0.037, -0.025
7 0.0208 0.0021 0.017, 0.025 -0.0402 0.0038 -0.048, -0.033
8 0.0287 0.0029 0.023, 0.034 -0.0412 0.0046 -0.050, -0.032
9 0.0281 0.0039 0.020, 0.036 -0.0530 0.0056 -0.064, -0.042
10 0.0303 0.0041 0.022, 0.038 -0.0644 0.0065 -0.077, -0.052

Birth year 1947 -0.0208 0.0043 -0.029, -0.012 -0.1931 0.0145 -0.221, -0.165
1948 -0.0164 0.0038 -0.024, -0.009 -0.1952 0.0140 -0.223, -0.168
1949 0.0178 0.0040 0.010, 0.026 -0.1548 0.0137 -0.182, -0.128
1950 0.0069 0.0036 0.000, 0.014 -0.1601 0.0133 -0.186, -0.134
1951 -0.0094 0.0033 -0.016, -0.003 -0.1721 0.0129 -0.197, -0.147
1952 -0.0143 0.0031 -0.020, -0.008 -0.1754 0.0126 -0.200, -0.151
1953 -0.0165 0.0031 -0.023, -0.011 -0.1720 0.0123 -0.196, -0.148
1954 -0.0131 0.0031 -0.019, -0.007 -0.1637 0.0120 -0.187, -0.140
1955 -0.0220 0.0030 -0.028, -0.016 -0.1660 0.0116 -0.189, -0.143
1956 -0.0273 0.0029 -0.033, -0.022 -0.1683 0.0114 -0.191, -0.146
1957 -0.0295 0.0029 -0.035, -0.024 -0.1663 0.0110 -0.188, -0.145
1958 -0.0332 0.0029 -0.039, -0.028 -0.1639 0.0107 -0.185, -0.143
1959 -0.0295 0.0029 -0.035, -0.024 -0.1561 0.0105 -0.177, -0.136

Continued on next page
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Table S3 – Continued from previous page

Between-family comparison Within-family comparison

β SE 95% CI β SE 95% CI

1960 -0.0317 0.0029 -0.037, -0.026 -0.1530 0.0102 -0.173, -0.133
1961 -0.0337 0.0029 -0.039, -0.028 -0.1474 0.0098 -0.167, -0.128
1962 -0.0357 0.0029 -0.041, -0.030 -0.1502 0.0096 -0.169, -0.131
1963 -0.0366 0.0029 -0.042, -0.031 -0.1432 0.0093 -0.161, -0.125
1964 -0.0369 0.0029 -0.043, -0.031 -0.1409 0.0090 -0.159, -0.123
1965 -0.0314 0.0031 -0.038, -0.025 -0.1320 0.0089 -0.149, -0.115
1966 -0.0334 0.0032 -0.040, -0.027 -0.1336 0.0086 -0.151, -0.117
1967 -0.0339 0.0032 -0.040, -0.028 -0.1327 0.0083 -0.149, -0.116
1968 0.4857 0.2015 0.091, 0.881 0.3774 0.2221 -0.058, 0.813
1969 0.3561 0.1861 -0.009, 0.721 0.3404 0.1923 -0.037, 0.717
1970 0.0019 0.0037 -0.005, 0.009 -0.0823 0.0078 -0.098, -0.067
1971 -0.0170 0.0033 -0.024, -0.010 -0.0999 0.0073 -0.114, -0.086
1972 -0.0218 0.0033 -0.028, -0.015 -0.1011 0.0070 -0.115, -0.087
1973 -0.0111 0.0034 -0.018, -0.004 -0.0814 0.0067 -0.095, -0.068
1974 -0.0143 0.0032 -0.021, -0.008 -0.0785 0.0064 -0.091, -0.066
1975 -0.0155 0.0031 -0.022, -0.009 -0.0765 0.0061 -0.088, -0.065
1976 -0.0302 0.0028 -0.036, -0.025 -0.0877 0.0057 -0.099, -0.077
1977 -0.0300 0.0028 -0.035, -0.025 -0.0816 0.0053 -0.092, -0.071
1978 -0.0298 0.0027 -0.035, -0.024 -0.0777 0.0051 -0.088, -0.068
1979 -0.0322 0.0027 -0.037, -0.027 -0.0760 0.0047 -0.085, -0.067
1980 -0.0249 0.0028 -0.030, -0.020 -0.0644 0.0045 -0.073, -0.056
1981 -0.0252 0.0027 -0.031, -0.020 -0.0597 0.0043 -0.068, -0.051
1982 -0.0253 0.0027 -0.031, -0.020 -0.0572 0.0040 -0.065, -0.049
1983 -0.0270 0.0027 -0.032, -0.022 -0.0548 0.0039 -0.062, -0.047
1984 -0.0227 0.0028 -0.028, -0.017 -0.0447 0.0037 -0.052, -0.037
1985 -0.0208 0.0029 -0.026, -0.015 -0.0409 0.0036 -0.048, -0.034
1986 -0.0209 0.0029 -0.027, -0.015 -0.0348 0.0035 -0.042, -0.028
1987 -0.0186 0.0029 -0.024, -0.013 -0.0309 0.0033 -0.037, -0.024
1988 -0.0194 0.0029 -0.025, -0.014 -0.0270 0.0032 -0.033, -0.021
1989 0.0021 0.0032 -0.004, 0.008 -0.0012 0.0035 -0.008, 0.006
1990 (ref) 0.0000 0.0000
1991 -0.0001 0.0032 -0.006, 0.006 0.0040 0.0036 -0.003, 0.011
1992 0.0023 0.0032 -0.004, 0.009 0.0147 0.0035 0.008, 0.022
1993 0.0074 0.0033 0.001, 0.014 0.0241 0.0037 0.017, 0.031
1994 0.0068 0.0033 0.000, 0.013 0.0299 0.0038 0.022, 0.037
1995 0.0070 0.0032 0.001, 0.013 0.0306 0.0039 0.023, 0.038
1996 0.0095 0.0032 0.003, 0.016 0.0426 0.0041 0.034, 0.051
1997 0.0149 0.0033 0.009, 0.021 0.0528 0.0043 0.044, 0.061

Continued on next page
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Table S3 – Continued from previous page

Between-family comparison Within-family comparison

β SE 95% CI β SE 95% CI

1998 0.0164 0.0032 0.010, 0.023 0.0589 0.0046 0.050, 0.068
1999 0.0074 0.0031 0.001, 0.013 0.0536 0.0047 0.044, 0.063
2000 0.0047 0.0030 -0.001, 0.011 0.0649 0.0049 0.055, 0.074
2001 0.0077 0.0030 0.002, 0.014 0.0703 0.0051 0.060, 0.080
2002 0.0117 0.0030 0.006, 0.018 0.0789 0.0054 0.068, 0.089
2003 0.0100 0.0030 0.004, 0.016 0.0869 0.0056 0.076, 0.098
2004 0.0149 0.0030 0.009, 0.021 0.0962 0.0059 0.085, 0.108
2005 0.0143 0.0030 0.008, 0.020 0.0986 0.0061 0.087, 0.111
2006 0.0140 0.0030 0.008, 0.020 0.1088 0.0064 0.096, 0.121
2007 0.0127 0.0030 0.007, 0.019 0.1113 0.0067 0.098, 0.124
2008 0.0146 0.0030 0.009, 0.020 0.1235 0.0070 0.110, 0.137
2009 0.0131 0.0030 0.007, 0.019 0.1304 0.0072 0.116, 0.145
2010 0.0114 0.0030 0.006, 0.017 0.1346 0.0075 0.120, 0.149
2011 0.0097 0.0030 0.004, 0.016 0.1422 0.0078 0.127, 0.158
2012 0.0078 0.0030 0.002, 0.014 0.1455 0.0082 0.130, 0.162
2013 0.0048 0.0030 -0.001, 0.011 0.1526 0.0084 0.136, 0.169
2014 0.0089 0.0031 0.003, 0.015 0.1615 0.0088 0.144, 0.179
2015 0.0115 0.0033 0.005, 0.018 0.1641 0.0092 0.146, 0.182
2016 0.0154 0.0034 0.009, 0.022 0.1765 0.0095 0.158, 0.195

Maternal age 15-19 0.0322 0.0025 0.027, 0.037 0.0086 0.0037 0.001, 0.016
20-24 0.0126 0.0009 0.011, 0.014 0.0002 0.0019 -0.003, 0.004
25-29 0.0036 0.0007 0.002, 0.005 0.0012 0.0011 -0.001, 0.003
30-34 (ref) 0.0000 0.0000
35-39 0.0065 0.0010 0.004, 0.008 0.0023 0.0014 0.000, 0.005
40-44 0.0130 0.0022 0.009, 0.017 0.0011 0.0030 -0.005, 0.007
45+ 0.0281 0.0095 0.009, 0.047 0.0087 0.0100 -0.011, 0.028

Family size 2 (ref) 0.0000
3 -0.3383 0.0161 -0.370, -0.307
4 -0.3441 0.0161 -0.376, -0.313
5 -0.3466 0.0161 -0.378, -0.315
6 -0.3523 0.0161 -0.384, -0.321
7 -0.3514 0.0161 -0.383, -0.320
8 -0.3602 0.0161 -0.392, -0.329
9 -0.3568 0.0162 -0.389, -0.325
10 -0.3644 0.0162 -0.396, -0.333

N 870,180 870,180
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Table S4: Results from linear probability models, with and without the application of sib-

ling fixed effects, regressing preterm birth on an interaction between birth cohort and the

length of the preceding birth interval, for men and women born in Utah, 1950-1980.

Between-family comparison Within-family comparison

Variable Category β SE 95% CI β SE 95% CI

Birth year x 1947-1959, 9-12 0.0382 0.0060 0.038, 0.006 0.0301 0.0065 0.030, 0.007

Birth intervals 1947-1959, 13-18 -0.0230 0.0043 -0.023, 0.004 -0.0189 0.0051 -0.019, 0.005

1947-1959, 19-24 -0.0248 0.0043 -0.025, 0.004 -0.0203 0.0050 -0.020, 0.005

1947-1959, 25-30 -0.0302 0.0044 -0.030, 0.004 -0.0265 0.0051 -0.027, 0.005

1947-1959, 31-36 -0.0345 0.0044 -0.035, 0.004 -0.0314 0.0051 -0.031, 0.005

1947-1959, 37-42 -0.0326 0.0046 -0.033, 0.005 -0.0341 0.0053 -0.034, 0.005

1947-1959, 43-48 -0.0301 0.0047 -0.030, 0.005 -0.0343 0.0055 -0.034, 0.006

1947-1959, 49-54 -0.0378 0.0049 -0.038, 0.005 -0.0444 0.0057 -0.044, 0.006

1947-1959, 55-60 -0.0315 0.0052 -0.032, 0.005 -0.0442 0.0061 -0.044, 0.006

1947-1959, 60+ -0.0291 0.0046 -0.029, 0.005 -0.0471 0.0054 -0.047, 0.005

1960-1969, 9-12 0.0196 0.0063 0.020, 0.006 0.0137 0.0070 0.014, 0.007

1960-1969, 13-18 -0.0302 0.0038 -0.030, 0.004 -0.0203 0.0046 -0.020, 0.005

1960-1969, 19-24 -0.0452 0.0037 -0.045, 0.004 -0.0336 0.0045 -0.034, 0.004

1960-1969, 25-30 -0.0448 0.0038 -0.045, 0.004 -0.0374 0.0046 -0.037, 0.005

1960-1969, 31-36 -0.0455 0.0039 -0.045, 0.004 -0.0394 0.0048 -0.039, 0.005

1960-1969, 37-42 -0.0437 0.0041 -0.044, 0.004 -0.0408 0.0050 -0.041, 0.005

1960-1969, 43-48 -0.0453 0.0043 -0.045, 0.004 -0.0436 0.0051 -0.044, 0.005

1960-1969, 49-54 -0.0489 0.0045 -0.049, 0.004 -0.0535 0.0054 -0.053, 0.005

1960-1969, 55-60 -0.0474 0.0048 -0.047, 0.005 -0.0490 0.0057 -0.049, 0.006

1960-1969, 60+ -0.0401 0.0040 -0.040, 0.004 -0.0576 0.0050 -0.058, 0.005

1970-1979, 9-12 0.0529 0.0066 0.053, 0.007 0.0464 0.0073 0.046, 0.007

1970-1979, 13-18 -0.0171 0.0029 -0.017, 0.003 -0.0104 0.0035 -0.010, 0.004

1970-1979, 19-24 -0.0260 0.0027 -0.026, 0.003 -0.0143 0.0033 -0.014, 0.003

1970-1979, 25-30 -0.0339 0.0028 -0.034, 0.003 -0.0216 0.0034 -0.022, 0.003

1970-1979, 31-36 -0.0321 0.0029 -0.032, 0.003 -0.0224 0.0036 -0.022, 0.004

1970-1979, 37-42 -0.0333 0.0032 -0.033, 0.003 -0.0276 0.0039 -0.028, 0.004

1970-1979, 43-48 -0.0348 0.0035 -0.035, 0.003 -0.0345 0.0043 -0.034, 0.004

1970-1979, 49-54 -0.0322 0.0040 -0.032, 0.004 -0.0358 0.0049 -0.036, 0.005

1970-1979, 55-60 -0.0346 0.0043 -0.035, 0.004 -0.0398 0.0054 -0.040, 0.005

1970-1979, 60+ -0.0274 0.0034 -0.027, 0.003 -0.0416 0.0043 -0.042, 0.004

1980-1989, 9-12 0.0800 0.0076 0.080, 0.008 0.0419 0.0084 0.042, 0.008

1980-1989, 13-18 -0.0109 0.0026 -0.011, 0.003 -0.0106 0.0032 -0.011, 0.003

1980-1989, 19-24 -0.0232 0.0023 -0.023, 0.002 -0.0158 0.0028 -0.016, 0.003

1980-1989, 25-30 -0.0308 0.0023 -0.031, 0.002 -0.0225 0.0028 -0.022, 0.003

1980-1989, 31-36 -0.0298 0.0024 -0.030, 0.002 -0.0251 0.0029 -0.025, 0.003

1980-1989, 37-42 -0.0331 0.0025 -0.033, 0.002 -0.0240 0.0031 -0.024, 0.003

1980-1989, 43-48 -0.0309 0.0027 -0.031, 0.003 -0.0249 0.0033 -0.025, 0.003

1980-1989, 49-54 -0.0318 0.0031 -0.032, 0.003 -0.0295 0.0038 -0.030, 0.004

1980-1989, 55-60 -0.0260 0.0037 -0.026, 0.004 -0.0259 0.0044 -0.026, 0.004

1980-1989, 60+ -0.0194 0.0029 -0.019, 0.003 -0.0341 0.0037 -0.034, 0.004

1990-1999, 9-12 0.1218 0.0090 0.122, 0.009 0.0722 0.0097 0.072, 0.010

1990-1999, 13-18 0.0212 0.0029 0.021, 0.003 0.0101 0.0033 0.010, 0.003

1990-1999, 19-24 0.0065 0.0023 0.006, 0.002 0.0053 0.0026 0.005, 0.003

Continued on next page



BIRTH SPACING IN UTAH 13

Table S4 – Continued from previous page

Between-family comparison Within-family comparison

β SE 95% CI β SE 95% CI

1990-1999, 25-30 (ref) 0.0000 0.0000

1990-1999, 31-36 -0.0008 0.0024 -0.001, 0.002 -0.0039 0.0027 -0.004, 0.003

1990-1999, 37-42 0.0019 0.0027 0.002, 0.003 -0.0078 0.0031 -0.008, 0.003

1990-1999, 43-48 0.0017 0.0031 0.002, 0.003 -0.0093 0.0036 -0.009, 0.004

1990-1999, 49-54 0.0007 0.0036 0.001, 0.004 -0.0069 0.0041 -0.007, 0.004

1990-1999, 55-60 -0.0006 0.0042 -0.001, 0.004 -0.0144 0.0049 -0.014, 0.005

1990-1999, 60+ 0.0125 0.0031 0.012, 0.003 -0.0132 0.0036 -0.013, 0.004

2000-2009, 9-12 0.1456 0.0084 0.146, 0.008 0.0971 0.0088 0.097, 0.009

2000-2009, 13-18 0.0314 0.0029 0.031, 0.003 0.0232 0.0034 0.023, 0.003

2000-2009, 19-24 0.0064 0.0023 0.006, 0.002 0.0106 0.0028 0.011, 0.003

2000-2009, 25-30 0.0051 0.0023 0.005, 0.002 0.0090 0.0027 0.009, 0.003

2000-2009, 31-36 0.0054 0.0024 0.005, 0.002 0.0064 0.0029 0.006, 0.003

2000-2009, 37-42 0.0066 0.0027 0.007, 0.003 0.0042 0.0031 0.004, 0.003

2000-2009, 43-48 0.0094 0.0030 0.009, 0.003 -0.0002 0.0035 0.000, 0.003

2000-2009, 49-54 0.0156 0.0036 0.016, 0.004 -0.0022 0.0040 -0.002, 0.004

2000-2009, 55-60 0.0168 0.0042 0.017, 0.004 -0.0043 0.0047 -0.004, 0.005

2000-2009, 60+ 0.0374 0.0033 0.037, 0.003 0.0068 0.0036 0.007, 0.004

2010-2016, 9-12 0.1264 0.0114 0.126, 0.011 0.0917 0.0126 0.092, 0.013

2010-2016, 13-18 0.0353 0.0040 0.035, 0.004 0.0357 0.0047 0.036, 0.005

2010-2016, 19-24 0.0077 0.0029 0.008, 0.003 0.0247 0.0036 0.025, 0.004

2010-2016, 25-30 -0.0004 0.0028 0.000, 0.003 0.0167 0.0035 0.017, 0.003

2010-2016, 31-36 0.0040 0.0030 0.004, 0.003 0.0154 0.0036 0.015, 0.004

2010-2016, 37-42 0.0117 0.0033 0.012, 0.003 0.0167 0.0039 0.017, 0.004

2010-2016, 43-48 0.0126 0.0037 0.013, 0.004 0.0158 0.0043 0.016, 0.004

2010-2016, 49-54 0.0177 0.0044 0.018, 0.004 0.0092 0.0051 0.009, 0.005

2010-2016, 55-60 0.0211 0.0051 0.021, 0.005 0.0037 0.0057 0.004, 0.006

2010-2016, 60+ 0.0353 0.0038 0.035, 0.004 0.0089 0.0043 0.009, 0.004

Sex Male 0.0000 0.0000

Female -0.0083 0.0005 -0.008, 0.001 -0.0077 0.0006 -0.008, 0.001

Birth order 2 0.0000 0.0000

3 0.0025 0.0007 0.003, 0.001 -0.0069 0.0010 -0.007, 0.001

4 0.0101 0.0009 0.010, 0.001 -0.0151 0.0017 -0.015, 0.002

5 0.0139 0.0012 0.014, 0.001 -0.0237 0.0025 -0.024, 0.002

6 0.0179 0.0016 0.018, 0.002 -0.0319 0.0031 -0.032, 0.003

7 0.0181 0.0021 0.018, 0.002 -0.0418 0.0039 -0.042, 0.004

8 0.0258 0.0029 0.026, 0.003 -0.0433 0.0047 -0.043, 0.005

9 0.0252 0.0039 0.025, 0.004 -0.0552 0.0057 -0.055, 0.006

10 0.0273 0.0041 0.027, 0.004 -0.0661 0.0065 -0.066, 0.007

Maternal age 15-19 0.0312 0.0025 0.031, 0.003 0.0105 0.0037 0.011, 0.004

20-24 0.0111 0.0009 0.011, 0.001 0.0001 0.0019 0.000, 0.002

25-29 0.0032 0.0007 0.003, 0.001 0.0005 0.0011 0.000, 0.001

30-34 0.0000 0.0000

35-39 0.0064 0.0010 0.006, 0.001 0.0029 0.0014 0.003, 0.001

40-44 0.0130 0.0022 0.013, 0.002 0.0013 0.0030 0.001, 0.003

45+ 0.0290 0.0095 0.029, 0.010 0.0094 0.0100 0.009, 0.010

Birth year -0.0003 0.0001 0.000, 0.000 0.0045 0.0003 0.004, 0.000

Continued on next page
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Table S4 – Continued from previous page

Between-family comparison Within-family comparison

β SE 95% CI β SE 95% CI

Family size 2 0.0000

3 -0.3397 0.0161 -0.340, 0.016

4 -0.3451 0.0161 -0.345, 0.016

5 -0.3474 0.0161 -0.347, 0.016

6 -0.3529 0.0161 -0.353, 0.016

7 -0.3519 0.0161 -0.352, 0.016

8 -0.3606 0.0162 -0.361, 0.016

9 -0.3569 0.0162 -0.357, 0.016

10 -0.3642 0.0162 -0.364, 0.016

N 870,180 870,180
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Table S5: Results from linear probability models, with and without the
application of sibling fixed effects, regressing infant mortality on the
length of the preceding birth interval, for men and women born in Utah,
1947–2016.

Between-family comparison Within-family comparison

Variable Category β SE 95% CI β SE 95% CI

Birth intervals 9-12 0.0203 0.0012 0.018, 0.023 0.0074 0.0014 0.005, 0.010
13-18 0.0033 0.0004 0.002, 0.004 -0.0019 0.0005 -0.003, -0.001
19-24 0.0003 0.0003 0.000, 0.001 -0.0011 0.0004 -0.002, 0.000
25-30 (ref) 0.0000 0.0000
31-36 -0.0001 0.0003 -0.001, 0.001 0.0008 0.0004 0.000, 0.002
37-42 0.0000 0.0004 -0.001, 0.001 0.0008 0.0005 0.000, 0.002
43-48 0.0003 0.0004 -0.001, 0.001 0.0015 0.0006 0.000, 0.003
49-54 -0.0004 0.0005 -0.001, 0.001 0.0003 0.0007 -0.001, 0.002
55-60 -0.0006 0.0006 -0.002, 0.001 -0.0010 0.0008 -0.002, 0.001
60+ 0.0002 0.0004 -0.001, 0.001 -0.0033 0.0007 -0.005, -0.002

Sex Male (ref) 0.0000 0.0000
Female -0.0027 0.0002 -0.003, -0.002 -0.0029 0.0003 -0.003, -0.002

Birth order 2 (ref) 0.0000 0.0000
3 0.0002 0.0003 0.000, 0.001 -0.0076 0.0005 -0.009, -0.007
4 0.0011 0.0004 0.000, 0.002 -0.0144 0.0008 -0.016, -0.013
5 0.0015 0.0005 0.000, 0.003 -0.0212 0.0012 -0.024, -0.019
6 0.0017 0.0007 0.000, 0.003 -0.0272 0.0015 -0.030, -0.024
7 0.0030 0.0011 0.001, 0.005 -0.0324 0.0019 -0.036, -0.029
8 0.0053 0.0015 0.002, 0.008 -0.0344 0.0023 -0.039, -0.030
9 0.0086 0.0022 0.004, 0.013 -0.0357 0.0029 -0.041, -0.030
10 0.0082 0.0022 0.004, 0.012 -0.0424 0.0032 -0.049, -0.036

Birth year 1947 0.0189 0.0019 0.015, 0.023 -0.0857 0.0065 -0.098, -0.073
1948 0.0202 0.0019 0.017, 0.024 -0.0818 0.0064 -0.094, -0.069
1949 0.0207 0.0018 0.017, 0.024 -0.0778 0.0062 -0.090, -0.066
1950 0.0182 0.0017 0.015, 0.022 -0.0779 0.0060 -0.090, -0.066
1951 0.0173 0.0016 0.014, 0.020 -0.0760 0.0058 -0.087, -0.065
1952 0.0168 0.0015 0.014, 0.020 -0.0736 0.0057 -0.085, -0.062
1953 0.0164 0.0015 0.013, 0.019 -0.0699 0.0055 -0.081, -0.059
1954 0.0154 0.0015 0.012, 0.018 -0.0681 0.0054 -0.079, -0.058
1955 0.0138 0.0014 0.011, 0.017 -0.0673 0.0052 -0.078, -0.057
1956 0.0125 0.0014 0.010, 0.015 -0.0653 0.0051 -0.075, -0.055
1957 0.0155 0.0015 0.013, 0.018 -0.0603 0.0050 -0.070, -0.051
1958 0.0163 0.0015 0.013, 0.019 -0.0575 0.0049 -0.067, -0.048
1959 0.0140 0.0014 0.011, 0.017 -0.0561 0.0047 -0.065, -0.047

Continued on next page
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Table S5 – Continued from previous page

Between-family comparison Within-family comparison

β SE 95% CI β SE 95% CI

1960 0.0121 0.0014 0.009, 0.015 -0.0556 0.0046 -0.065, -0.047
1961 0.0130 0.0014 0.010, 0.016 -0.0504 0.0045 -0.059, -0.042
1962 0.0123 0.0014 0.010, 0.015 -0.0507 0.0043 -0.059, -0.042
1963 0.0123 0.0015 0.009, 0.015 -0.0490 0.0042 -0.057, -0.041
1964 0.0115 0.0015 0.009, 0.014 -0.0466 0.0041 -0.055, -0.039
1965 0.0113 0.0016 0.008, 0.014 -0.0451 0.0041 -0.053, -0.037
1966 0.0101 0.0016 0.007, 0.013 -0.0446 0.0039 -0.052, -0.037
1967 0.0075 0.0015 0.005, 0.011 -0.0461 0.0038 -0.053, -0.039
1968 0.0095 0.0016 0.006, 0.013 -0.0400 0.0036 -0.047, -0.033
1969 0.0081 0.0015 0.005, 0.011 -0.0396 0.0035 -0.046, -0.033
1970 0.0069 0.0014 0.004, 0.010 -0.0391 0.0033 -0.046, -0.033
1971 0.0053 0.0013 0.003, 0.008 -0.0364 0.0031 -0.043, -0.030
1972 0.0050 0.0013 0.002, 0.008 -0.0371 0.0030 -0.043, -0.031
1973 0.0030 0.0012 0.001, 0.005 -0.0360 0.0028 -0.042, -0.030
1974 0.0041 0.0012 0.002, 0.006 -0.0324 0.0027 -0.038, -0.027
1975 0.0038 0.0011 0.002, 0.006 -0.0298 0.0026 -0.035, -0.025
1976 0.0020 0.0010 0.000, 0.004 -0.0293 0.0024 -0.034, -0.025
1977 0.0029 0.0010 0.001, 0.005 -0.0245 0.0023 -0.029, -0.020
1978 0.0027 0.0010 0.001, 0.005 -0.0233 0.0021 -0.027, -0.019
1979 0.0023 0.0010 0.000, 0.004 -0.0210 0.0020 -0.025, -0.017
1980 0.0016 0.0010 0.000, 0.003 -0.0209 0.0018 -0.025, -0.017
1981 0.0016 0.0010 0.000, 0.004 -0.0174 0.0017 -0.021, -0.014
1982 0.0023 0.0010 0.000, 0.004 -0.0152 0.0016 -0.018, -0.012
1983 0.0001 0.0009 -0.002, 0.002 -0.0150 0.0015 -0.018, -0.012
1984 0.0015 0.0010 0.000, 0.003 -0.0118 0.0014 -0.015, -0.009
1985 0.0018 0.0010 0.000, 0.004 -0.0085 0.0014 -0.011, -0.006
1986 0.0016 0.0010 0.000, 0.004 -0.0083 0.0013 -0.011, -0.006
1987 0.0000 0.0009 -0.002, 0.002 -0.0064 0.0012 -0.009, -0.004
1988 -0.0010 0.0009 -0.003, 0.001 -0.0053 0.0012 -0.008, -0.003
1989 0.0017 0.0010 0.000, 0.004 -0.0010 0.0013 -0.003, 0.001
1990 (ref) 0.0000 0.0000
1991 -0.0014 0.0009 -0.003, 0.000 0.0010 0.0012 -0.001, 0.003
1992 -0.0011 0.0009 -0.003, 0.001 0.0037 0.0012 0.001, 0.006
1993 -0.0003 0.0010 -0.002, 0.002 0.0065 0.0012 0.004, 0.009
1994 -0.0009 0.0009 -0.003, 0.001 0.0080 0.0012 0.006, 0.010
1995 -0.0019 0.0009 -0.004, 0.000 0.0100 0.0013 0.007, 0.012
1996 -0.0023 0.0009 -0.004, -0.001 0.0113 0.0014 0.009, 0.014
1997 -0.0019 0.0009 -0.004, 0.000 0.0150 0.0015 0.012, 0.018

Continued on next page
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Table S5 – Continued from previous page

Between-family comparison Within-family comparison

β SE 95% CI β SE 95% CI

1998 -0.0016 0.0009 -0.003, 0.000 0.0167 0.0016 0.014, 0.020
1999 -0.0026 0.0009 -0.004, -0.001 0.0189 0.0016 0.016, 0.022
2000 -0.0016 0.0009 -0.003, 0.000 0.0217 0.0018 0.018, 0.025
2001 -0.0021 0.0008 -0.004, -0.001 0.0237 0.0019 0.020, 0.027
2002 -0.0023 0.0008 -0.004, -0.001 0.0253 0.0020 0.021, 0.029
2003 -0.0023 0.0008 -0.004, -0.001 0.0273 0.0021 0.023, 0.031
2004 -0.0016 0.0008 -0.003, 0.000 0.0310 0.0023 0.027, 0.035
2005 -0.0026 0.0008 -0.004, -0.001 0.0327 0.0024 0.028, 0.037
2006 -0.0010 0.0009 -0.003, 0.001 0.0367 0.0025 0.032, 0.042
2007 -0.0014 0.0008 -0.003, 0.000 0.0376 0.0027 0.032, 0.043
2008 -0.0029 0.0008 -0.004, -0.001 0.0388 0.0028 0.033, 0.044
2009 -0.0019 0.0008 -0.003, 0.000 0.0433 0.0029 0.038, 0.049
2010 -0.0021 0.0008 -0.004, -0.001 0.0451 0.0031 0.039, 0.051
2011 -0.0021 0.0008 -0.004, -0.001 0.0474 0.0032 0.041, 0.054
2012 -0.0012 0.0008 -0.003, 0.000 0.0514 0.0033 0.045, 0.058
2013 -0.0013 0.0009 -0.003, 0.000 0.0531 0.0035 0.046, 0.060
2014 -0.0018 0.0009 -0.004, 0.000 0.0546 0.0036 0.047, 0.062
2015 -0.0016 0.0009 -0.003, 0.000 0.0579 0.0038 0.050, 0.065
2016 -0.0016 0.0009 -0.003, 0.000 0.0599 0.0039 0.052, 0.068

Maternal age 15-19 0.0061 0.0012 0.004, 0.008 0.0054 0.0018 0.002, 0.009
20-24 0.0008 0.0004 0.000, 0.002 0.0002 0.0008 -0.001, 0.002
25-29 0.0000 0.0003 -0.001, 0.001 0.0000 0.0005 -0.001, 0.001
30-34 (ref) 0.0000 0.0000
35-39 0.0005 0.0004 0.000, 0.001 -0.0016 0.0006 -0.003, 0.000
40-44 0.0078 0.0011 0.006, 0.010 0.0007 0.0014 -0.002, 0.004
45+ 0.0125 0.0047 0.003, 0.022 -0.0014 0.0050 -0.011, 0.008

Family size 2 (ref) 0.0000
3 -0.1201 0.0091 -0.138, -0.102
4 -0.1206 0.0091 -0.138, -0.103
5 -0.1201 0.0091 -0.138, -0.102
6 -0.1201 0.0091 -0.138, -0.102
7 -0.1183 0.0091 -0.136, -0.100
8 -0.1193 0.0092 -0.137, -0.101
9 -0.1201 0.0092 -0.138, -0.102
10 -0.1218 0.0092 -0.140, -0.104

N 943,364 943,364
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Table S6: Results from linear probability models, with and without
the application of sibling fixed effects, regressing college degree on the
length of the preceding birth interval, for men and women born in Utah,
1950-1980.

Between-family comparison Within-family comparison

Variable Category β SE 95% CI β SE 95% CI

Birth intervals 9-12 -0.03 0.00 -0.04, -0.02 0.00 0.01 -0.01, 0.02
13-18 (ref) 0.00 0.00 0.00, 0.01 0.01 0.00 0.00, 0.01
19-24 0.01 0.00 0.00, 0.01 0.00 0.00 -0.01, 0.00
25-30 0.00 0.00
31-36 -0.01 0.00 -0.02, -0.01 0.00 0.00 -0.01, 0.00
37-42 -0.03 0.00 -0.04, -0.02 -0.01 0.00 -0.02, 0.00
43-48 -0.04 0.00 -0.05, -0.03 -0.01 0.00 -0.02, 0.00
49-54 -0.05 0.00 -0.06, -0.04 -0.01 0.01 -0.02, 0.00
55-60 -0.06 0.01 -0.07, -0.05 -0.01 0.01 -0.02, 0.00
60+ -0.10 0.00 -0.11, -0.09 -0.01 0.01 -0.02, 0.00

Sex Male (ref) 0.00 0.00
Female -0.11 0.00 -0.11, -0.11 -0.11 0.00 -0.11, -0.11

Birth order 2 (ref) 0.00 0.00
3 -0.09 0.00 -0.09, -0.08 -0.03 0.00 -0.04, -0.03
4 -0.16 0.00 -0.17, -0.16 -0.06 0.01 -0.07, -0.05
5 -0.22 0.00 -0.22, -0.21 -0.07 0.01 -0.08, -0.06
6 -0.27 0.00 -0.28, -0.26 -0.09 0.01 -0.11, -0.07
7 -0.30 0.01 -0.31, -0.29 -0.09 0.01 -0.12, -0.07
8 -0.35 0.01 -0.36, -0.33 -0.11 0.01 -0.13, -0.09
9 -0.37 0.01 -0.39, -0.35 -0.12 0.02 -0.15, -0.09
10 -0.42 0.01 -0.44, -0.40 -0.13 0.02 -0.16, -0.09

Birth year 1950 -0.06 0.01 -0.08, -0.05 -0.14 0.02 -0.18, -0.10
1951 -0.08 0.01 -0.09, -0.07 -0.15 0.02 -0.19, -0.11
1952 -0.08 0.01 -0.09, -0.06 -0.15 0.02 -0.19, -0.12
1953 -0.09 0.01 -0.10, -0.07 -0.16 0.02 -0.20, -0.13
1954 -0.10 0.01 -0.11, -0.08 -0.17 0.02 -0.21, -0.14
1955 -0.10 0.01 -0.12, -0.09 -0.17 0.02 -0.20, -0.14
1956 -0.10 0.01 -0.11, -0.08 -0.16 0.02 -0.19, -0.13
1957 -0.10 0.01 -0.11, -0.08 -0.15 0.01 -0.18, -0.12
1958 -0.09 0.01 -0.11, -0.08 -0.16 0.01 -0.18, -0.13
1959 -0.09 0.01 -0.10, -0.07 -0.13 0.01 -0.16, -0.11
1960 -0.08 0.01 -0.09, -0.07 -0.13 0.01 -0.15, -0.10
1961 -0.07 0.01 -0.09, -0.06 -0.11 0.01 -0.13, -0.09
1962 -0.06 0.01 -0.08, -0.05 -0.10 0.01 -0.12, -0.08

Continued on next page
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Table S6 – Continued from previous page

Between-family comparison Within-family comparison

β SE 95% CI β SE 95% CI

1963 -0.05 0.01 -0.07, -0.04 -0.08 0.01 -0.10, -0.06
1964 -0.03 0.01 -0.05, -0.02 -0.07 0.01 -0.09, -0.05
1965 -0.03 0.01 -0.05, -0.02 -0.05 0.01 -0.07, -0.03
1966 -0.04 0.01 -0.05, -0.02 -0.05 0.01 -0.07, -0.03
1967 -0.02 0.01 -0.03, 0.00 -0.02 0.01 -0.04, 0.00
1968 -0.01 0.01 -0.03, 0.00 -0.02 0.01 -0.04, 0.00
1969 0.00 0.01 -0.02, 0.01 -0.01 0.01 -0.03, 0.01
1970 (ref) 0.00 0.00
1971 -0.01 0.01 -0.02, 0.01 0.00 0.01 -0.02, 0.02
1972 0.00 0.01 -0.01, 0.02 0.00 0.01 -0.02, 0.02
1973 0.01 0.01 -0.01, 0.02 0.01 0.01 -0.01, 0.02
1974 0.00 0.01 -0.01, 0.02 0.01 0.01 0.00, 0.03
1975 0.01 0.01 0.00, 0.03 0.01 0.01 0.00, 0.03
1976 0.02 0.01 0.00, 0.03 0.02 0.01 0.00, 0.04
1977 0.01 0.01 0.00, 0.02 0.01 0.01 -0.01, 0.03
1978 0.02 0.01 0.01, 0.04 0.03 0.01 0.00, 0.05
1979 0.03 0.01 0.02, 0.04 0.02 0.01 0.00, 0.05
1980 0.03 0.01 0.02, 0.04 0.04 0.01 0.01, 0.06

Maternal age 15-19 -0.39 0.01 -0.40, -0.38 -0.02 0.01 -0.04, 0.00
20-24 -0.24 0.00 -0.25, -0.24 -0.01 0.01 -0.02, 0.00
25-29 -0.10 0.00 -0.10, -0.09 0.00 0.00 -0.01, 0.00
30-34 (ref) 0.00 0.00
35-39 0.06 0.00 0.06, 0.07 -0.01 0.01 -0.02, 0.00
40-44 0.12 0.01 0.11, 0.14 0.01 0.01 -0.01, 0.03
45+ 0.10 0.02 0.06, 0.15 -0.05 0.03 -0.11, 0.00

Family size 2 (ref) 0.00
3 0.00 0.03 -0.05, 0.05
4 0.03 0.03 -0.02, 0.08
5 0.06 0.03 0.00, 0.11
6 0.08 0.03 0.03, 0.14
7 0.09 0.03 0.03, 0.14
8 0.10 0.03 0.05, 0.16
9 0.10 0.03 0.05, 0.16
10 0.09 0.03 0.03, 0.14

N 269,263 269,263
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Table S7: Results from linear regression models, with and without the ap-
plication of sibling fixed effects, regressing the Nam-Powers-Boyd Oc-
cupational Status score on the length of the preceding birth interval, for
men and women born in Utah, 1950-1980.

Between-family comparison Within-family comparison

Variable Category β SE 95% CI β SE 95% CI

Birth intervals 9-12 -1.98 0.34 -2.64, -1.31 0.15 0.46 -0.75, 1.05
13-18 (ref) -0.32 0.20 -0.71, 0.07 0.30 0.27 -0.23, 0.83
19-24 0.26 0.19 -0.11, 0.64 0.18 0.26 -0.32, 0.69
25-30 0.00 0.00
31-36 -0.14 0.22 -0.57, 0.29 -0.03 0.30 -0.62, 0.56
37-42 -0.45 0.24 -0.93, 0.03 0.20 0.34 -0.47, 0.86
43-48 -0.97 0.27 -1.51, -0.43 0.06 0.38 -0.68, 0.80
49-54 -1.30 0.31 -1.91, -0.69 0.10 0.44 -0.76, 0.96
55-60 -1.59 0.35 -2.28, -0.91 0.01 0.50 -0.98, 0.99
60+ -3.38 0.25 -3.87, -2.89 -0.29 0.40 -1.08, 0.50

Sex Male (ref) 0.00 0.00
Female -10.30 0.11 -10.53, -10.08 -11.18 0.16 -11.50, -10.86

Birth order 2 (ref) 0.00 0.00
3 -3.58 0.16 -3.91, -3.26 -1.70 0.26 -2.20, -1.20
4 -6.29 0.20 -6.68, -5.89 -2.94 0.41 -3.74, -2.14
5 -8.23 0.25 -8.72, -7.74 -3.29 0.56 -4.38, -2.19
6 -10.63 0.32 -11.25, -10.01 -4.49 0.71 -5.88, -3.10
7 -11.72 0.41 -12.53, -10.92 -4.41 0.86 -6.09, -2.73
8 -13.84 0.54 -14.89, -12.78 -5.54 1.01 -7.52, -3.55
9 -15.42 0.73 -16.86, -13.99 -6.06 1.22 -8.44, -3.68
10 -17.22 0.76 -18.71, -15.73 -6.62 1.40 -9.36, -3.89

Birth year 1950 3.38 0.50 2.40, 4.36 -2.91 1.73 -6.31, 0.48
1951 2.38 0.48 1.44, 3.32 -3.57 1.64 -6.79, -0.36
1952 2.91 0.47 1.99, 3.82 -3.32 1.56 -6.38, -0.27
1953 2.10 0.46 1.20, 3.00 -3.97 1.48 -6.86, -1.07
1954 1.63 0.45 0.74, 2.52 -3.98 1.40 -6.72, -1.24
1955 1.10 0.45 0.23, 1.98 -3.81 1.32 -6.40, -1.21
1956 1.39 0.45 0.52, 2.26 -3.14 1.25 -5.59, -0.68
1957 0.44 0.44 -0.43, 1.31 -3.64 1.18 -5.95, -1.32
1958 0.15 0.44 -0.71, 1.02 -4.00 1.11 -6.18, -1.82
1959 0.07 0.45 -0.80, 0.95 -3.19 1.04 -5.24, -1.15
1960 -0.61 0.44 -1.48, 0.26 -4.08 0.98 -6.01, -2.16
1961 -0.33 0.45 -1.22, 0.55 -2.94 0.92 -4.74, -1.14
1962 -0.02 0.46 -0.92, 0.88 -2.31 0.87 -4.01, -0.62

Continued on next page
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Table S7 – Continued from previous page

Between-family comparison Within-family comparison

β SE 95% CI β SE 95% CI

1963 -0.07 0.47 -1.00, 0.85 -2.04 0.82 -3.64, -0.43
1964 0.62 0.48 -0.33, 1.56 -1.61 0.78 -3.14, -0.08
1965 -0.67 0.50 -1.65, 0.31 -2.30 0.75 -3.77, -0.83
1966 -0.52 0.53 -1.56, 0.51 -0.98 0.75 -2.44, 0.49
1967 0.16 0.53 -0.87, 1.19 -0.56 0.71 -1.95, 0.83
1968 -0.66 0.52 -1.69, 0.37 -1.25 0.69 -2.60, 0.10
1969 0.12 0.52 -0.89, 1.13 -0.18 0.68 -1.51, 1.16
1970 (ref) 0.00 0.00
1971 0.24 0.50 -0.74, 1.22 0.21 0.66 -1.09, 1.51
1972 0.44 0.50 -0.55, 1.43 0.33 0.68 -0.99, 1.66
1973 0.78 0.50 -0.21, 1.77 1.50 0.70 0.13, 2.87
1974 0.45 0.49 -0.52, 1.41 0.40 0.74 -1.06, 1.86
1975 0.72 0.48 -0.23, 1.67 1.96 0.77 0.45, 3.47
1976 0.14 0.47 -0.78, 1.07 0.40 0.82 -1.22, 2.01
1977 0.02 0.47 -0.90, 0.94 0.45 0.88 -1.26, 2.17
1978 -0.76 0.48 -1.70, 0.17 0.45 0.96 -1.44, 2.33
1979 -1.78 0.48 -2.72, -0.84 -0.38 1.03 -2.41, 1.64
1980 -2.66 0.49 -3.62, -1.71 -0.89 1.14 -3.12, 1.34

Maternal age 15-19 -15.66 0.39 -16.42, -14.89 -0.73 0.86 -2.41, 0.95
20-24 -8.96 0.21 -9.37, -8.56 -0.33 0.53 -1.37, 0.72
25-29 -3.62 0.17 -3.96, -3.29 0.01 0.33 -0.63, 0.65
30-34 (ref) 0.00 0.00
35-39 2.48 0.23 2.04, 2.93 -0.61 0.39 -1.38, 0.16
40-44 3.99 0.39 3.23, 4.76 -2.41 0.77 -3.92, -0.89
45+ 3.54 1.45 0.71, 6.38 -6.50 2.32 -11.05, -1.95

Family size 2 (ref) 0.00
3 0.27 1.61 -2.89, 3.42
4 1.30 1.61 -1.85, 4.46
5 2.24 1.61 -0.92, 5.39
6 2.90 1.61 -0.26, 6.06
7 2.83 1.62 -0.35, 6.00
8 3.27 1.63 0.08, 6.46
9 3.05 1.65 -0.18, 6.27
10 3.62 1.65 0.39, 6.84

N 159,380 159,380
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Table S8: Results from event history analyses, with and without stratifi-
cation by shared mother, showing the relationship between mortality at
ages 0-65+ and the length of the preceding birth interval, for men and
women born in Utah, 1900-1949.

Between-family comparison Within-family comparison

Variable Category HR SE 95% CI HR SE 95% CI

Birth intervals 9-12 1.02 0.02 0.97-1.07 1.03 0.03 0.98-1.08
13-18 0.97 0.01 0.95-0.99 0.98 0.01 0.96-1.01
19-24 0.98 0.01 0.97-1.00 0.99 0.01 0.97-1.01
25-30 (ref) 1.00 1.00
31-36 1.02 0.01 1.00-1.04 1.02 0.01 1.00-1.04
37-42 1.01 0.01 0.99-1.04 1.02 0.01 1.00-1.05
43-48 1.04 0.01 1.01-1.07 1.03 0.02 1.00-1.06
49-54 1.05 0.02 1.02-1.09 1.02 0.02 0.99-1.06
55-60 1.03 0.02 0.99-1.06 1.00 0.02 0.96-1.04
60+ 1.08 0.01 1.05-1.11 1.02 0.02 0.99-1.05

Sex Male (ref) 1.00 1.00
Female 0.65 0.00 0.65-0.66 0.60 0.00 0.59-0.60

Birth order 2 (ref) 1.00 1.00
3 1.02 0.01 1.01-1.04 1.01 0.01 0.99-1.03
4 1.03 0.01 1.01-1.05 1.01 0.02 0.98-1.04
5 1.03 0.01 1.00-1.05 1.01 0.02 0.97-1.05
6 1.05 0.01 1.03-1.08 1.03 0.03 0.98-1.08
7 1.04 0.02 1.00-1.07 1.03 0.03 0.97-1.09
8 1.05 0.02 1.01-1.09 1.05 0.04 0.99-1.13
9 1.03 0.02 0.98-1.07 1.03 0.04 0.95-1.11
10 1.07 0.02 1.03-1.12 1.04 0.05 0.95-1.13

Birth year 1900 (ref) 1.00 1.00
1901 0.98 0.06 0.88-1.09 0.97 0.05 0.87-1.08
1902 0.99 0.05 0.89-1.11 0.95 0.05 0.86-1.05
1903 0.96 0.05 0.86-1.06 0.92 0.05 0.83-1.02
1904 0.93 0.05 0.84-1.03 0.88 0.05 0.79-0.97
1905 0.96 0.05 0.88-1.06 0.88 0.05 0.80-0.98
1906 0.96 0.05 0.87-1.06 0.87 0.04 0.78-0.96
1907 1.00 0.05 0.91-1.09 0.89 0.05 0.80-0.98
1908 0.93 0.04 0.85-1.02 0.84 0.04 0.75-0.93
1909 0.93 0.04 0.85-1.02 0.83 0.04 0.75-0.92
1910 1.00 0.05 0.92-1.10 0.84 0.05 0.76-0.94
1911 0.99 0.04 0.90-1.08 0.83 0.05 0.75-0.93
1912 0.98 0.04 0.89-1.07 0.83 0.05 0.74-0.93

Continued on next page
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Table S8 – Continued from previous page

Between-family comparison Within-family comparison

HR SE 95% CI HR SE 95% CI

1913 0.98 0.04 0.90-1.07 0.84 0.05 0.75-0.94
1914 0.97 0.04 0.89-1.06 0.80 0.05 0.71-0.90
1915 0.96 0.04 0.88-1.05 0.81 0.05 0.72-0.91
1916 0.94 0.04 0.86-1.03 0.81 0.05 0.71-0.92
1917 0.89 0.04 0.82-0.98 0.77 0.05 0.68-0.88
1918 0.89 0.04 0.82-0.97 0.77 0.05 0.67-0.88
1919 0.88 0.04 0.81-0.96 0.76 0.05 0.66-0.87
1920 0.88 0.04 0.80-0.96 0.78 0.06 0.68-0.91
1921 0.90 0.04 0.83-0.98 0.77 0.06 0.67-0.90
1922 0.90 0.04 0.82-0.98 0.75 0.06 0.65-0.88
1923 0.89 0.04 0.82-0.98 0.74 0.06 0.63-0.86
1924 0.85 0.04 0.78-0.93 0.69 0.06 0.59-0.81
1925 0.83 0.04 0.75-0.90 0.69 0.06 0.58-0.82
1926 0.80 0.04 0.73-0.87 0.67 0.06 0.56-0.79
1927 0.77 0.04 0.70-0.84 0.64 0.06 0.53-0.76
1928 0.77 0.04 0.71-0.85 0.65 0.06 0.54-0.77
1929 0.76 0.03 0.69-0.83 0.63 0.06 0.53-0.76
1930 0.74 0.03 0.68-0.81 0.63 0.06 0.52-0.77
1931 0.71 0.03 0.65-0.78 0.59 0.06 0.49-0.72
1932 0.69 0.03 0.63-0.75 0.57 0.06 0.46-0.69
1933 0.67 0.03 0.61-0.74 0.57 0.06 0.46-0.71
1934 0.66 0.03 0.60-0.72 0.53 0.06 0.43-0.66
1935 0.63 0.03 0.57-0.69 0.50 0.06 0.40-0.62
1936 0.62 0.03 0.56-0.68 0.49 0.06 0.39-0.61
1937 0.62 0.03 0.56-0.68 0.51 0.06 0.40-0.64
1938 0.62 0.03 0.56-0.68 0.50 0.06 0.40-0.64
1939 0.62 0.03 0.56-0.69 0.52 0.06 0.41-0.66
1940 0.58 0.03 0.53-0.64 0.47 0.06 0.37-0.60
1941 0.58 0.03 0.53-0.64 0.49 0.06 0.39-0.64
1942 0.59 0.03 0.53-0.65 0.48 0.06 0.37-0.62
1943 0.56 0.03 0.50-0.62 0.47 0.06 0.36-0.61
1944 0.54 0.03 0.49-0.60 0.45 0.06 0.35-0.59
1945 0.55 0.03 0.50-0.62 0.48 0.07 0.37-0.63
1946 0.54 0.03 0.49-0.60 0.47 0.07 0.36-0.63
1947 0.54 0.03 0.49-0.60 0.49 0.07 0.37-0.65
1948 0.51 0.03 0.45-0.56 0.43 0.06 0.32-0.58
1949 0.52 0.03 0.47-0.59 0.44 0.07 0.33-0.59

Maternal age 15-19 1.11 0.03 1.06-1.16 0.95 0.04 0.88-1.02

Continued on next page
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Table S8 – Continued from previous page

Between-family comparison Within-family comparison

HR SE 95% CI HR SE 95% CI

20-24 1.07 0.01 1.05-1.09 1.00 0.02 0.96-1.04
25-29 1.02 0.01 1.01-1.04 1.00 0.01 0.98-1.03
30-34 (ref) 1.00 1.00
35-39 0.98 0.01 0.96-1.00 1.00 0.01 0.98-1.03
40-44 0.97 0.01 0.94-1.00 1.02 0.03 0.97-1.07
45+ 0.94 0.04 0.87-1.01 1.05 0.05 0.96-1.16

Family size 2 (ref) 1.00
3 0.98 0.02 0.93-1.02
4 1.00 0.02 0.96-1.05
5 1.06 0.02 1.01-1.11
6 1.08 0.03 1.04-1.14
7 1.12 0.03 1.07-1.18
8 1.13 0.03 1.08-1.19
9 1.15 0.03 1.09-1.21
10 1.16 0.03 1.10-1.22

N 240,666 240,666
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