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Birth Spacing and Parents’ Physical and Mental Health:
An Analysis Using Individual and Sibling Fixed Effects

Kieron Barclay, Martin Kolk, and @ystein Kravdal

ABSTRACT An extensive literature has examined the relationship between birth spac-
ing and subsequent health outcomes for parents, particularly for mothers. However,
this research has drawn almost exclusively on observational research designs, and
almost all studies have been limited to adjusting for observable factors that could con-
found the relationship between birth spacing and health outcomes. In this study, we use
Norwegian register data to examine the relationship between birth spacing and the num-
ber of general practitioner consultations for mothers’ and fathers’ physical and mental
health concerns immediately after childbirth (1-5 and 6—11 months after childbirth),
in the medium term (5—6 years after childbearing), and in the long term (10-11 years
after childbearing). To examine short-term health outcomes, we estimate individual
fixed-effects models: we hold constant factors that could influence parents’ birth spac-
ing behavior and their health, comparing health outcomes after different births to the
same parent. We apply sibling fixed effects in our analysis of medium- and long-term
outcomes, holding constant mothers’ and fathers’ family backgrounds. The results
from our analyses that do not apply individual or sibling fixed effects are consistent
with much of the previous literature: shorter and longer birth intervals are associated
with worse health outcomes than birth intervals of approximately 2—3 years. Estimates
from individual fixed-effects models suggest that particularly short intervals have a
modest negative effect on maternal mental health in the short term, with more ambig-
uous evidence that particularly short or long intervals might modestly influence short-,
medium-, and long-term physical health outcomes. Overall, these results are consistent
with small to negligible effects of birth spacing behavior on (non-pregnancy-related)
parental health outcomes.
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Introduction

Physicians, epidemiologists, and social scientists have long been interested in the
consequences of fertility behavior on parents’ health. Thus, researchers have inves-
tigated how parental age at first birth, fertility quantum, and related factors affect
mothers’ and fathers’ subsequent health and mortality risks (Barclay et al. 2016;
Hanson et al. 2015). Another fertility dimension that has attracted much research
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interest is the extent to which the spacing between births influences the health of
mothers and even fathers. Indeed, concerns about the potentially adverse effects of
short birth intervals on mothers’ and children’s health have been a strong motive
for family planning programs in lower income countries (Miller and Babiarz 2016;
Yeakey et al. 2009). However, less is known about how short intervals might affect
mothers’ health in high-income countries, where family sizes are smaller and parents
have better access to health care and nutrition, potentially yielding weaker effects
than in lower income settings. Furthermore, most work in this field has used obser-
vational data (Conde-Agudelo et al. 2007), limiting the extent to which these studies
could reduce confounding and identify the net effect of spacing between births on
parents’ health. Developing a greater understanding of the impact of birth spacing on
parental health is important for parents and children and for the allocation of public
health investments and related resources (Ahrens et al. 2019). The decreases in birth
spacing between first and second births in many Western countries since the 1970s, in
parallel with fertility postponement and declining fertility quantum (Miranda 2020),
make such knowledge particularly relevant.

Given the vast literature examining the relationship between birth spacing behav-
ior and pregnancy-related outcomes, we examine a more general measure of health
in this study: primary care visits to a general practitioner (GP), based on Norwegian
register data. We examine the link between birth interval length and GP visits for
mothers’ and fathers’ mental and physical health issues in the short, medium, and
long term. However, we exclude GP visits in which the diagnosis coding explic-
itly links the consultation to pregnancy complications. We begin our follow-up one
month following the birth, thus not covering direct pregnancy or perinatal complica-
tions, although follow-up complications will often be captured in our data. Our health
outcome does not include hospital care; however, the first step for receiving advanced
health care treatment in nonemergency cases is interacting with the primary health
care system.

Birth interval length could influence parents’, particularly mothers’, health out-
comes for several reasons, even beyond pregnancy complications. First, numerous
studies have reported a strong association between interval length and mothers’ neg-
ative pregnancy outcomes (i.e., health-related). The worst outcomes tend to be con-
centrated among women who had short or long birth intervals, such as <12 or >60
months, respectively (Conde-Agudelo et al. 2007). The negative sequelae of these
poor pregnancy outcomes might have implications for other aspects of the moth-
er’s health shortly after birth and for many years afterward. In addition, empirical
research has found that birth intervals affect perinatal outcomes and infant mortality
(Conde-Agudelo et al. 2006; Molitoris et al. 2019; Rutstein 2005). Thus, the World
Health Organization recommends that women space their pregnancies by at least
24 months (World Health Organization 2007)—advice primarily directed toward
mothers in low- and middle-income countries. Similarly, medical associations, such
as the American College of Obstetricians and Gynecologists (ACOG), advise moth-
ers to space their pregnancies by at least 6 months (ACOG 2019). Further evidence
suggests that the pressures of raising closely spaced children can increase parental
anxiety and stress, potentially leading to adverse health outcomes for mothers and
fathers in the short, medium, and long term.
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Nevertheless, the reported associations between birth interval length and parental
outcomes might overstate the adverse effects of particularly short and long intervals.
Data suggest that births after such intervals are concentrated among women with
lower levels of education, those from disadvantaged minority groups, and teenage
mothers. Furthermore, births after short intervals are more likely to be unplanned
(Gemmill and Lindberg 2013; Liu et al. 2021). Research in Sweden suggests that the
negative effects of short birth spacing on children are almost entirely explained by
parental background factors (Barclay and Kolk 2017, 2018).

We add to the literature on this topic in several ways. First, we use within-individual
fixed effects, comparing mothers’ and fathers’ postbirth outcomes after different
births, following intervals of varying lengths to examine short-term (1-5 or 611
months postbirth), medium-term (60—83 months postbirth), and long-term (120—
143 months postbirth) outcomes. Second, we conduct sibling comparison analyses
(i.e., comparing a mother to her sisters, and a father to his brothers) to estimate
the effect of birth spacing on parental health in the medium and long term, net of
unobserved factors that are constant within the parent’s sibling group. Such within-
individual and sibling-group analyses are uncommon in the literature on this topic.
By studying both mothers and fathers, holding unobserved factors at the individual
and sibling-group levels constant, and studying short-, medium-, and long-term out-
comes, we hope to gain insight into the relative importance of the physiological and
social mechanisms that might link birth spacing to parental health outcomes.

Previous Empirical Research

In this section, we review research examining the relationship between birth spacing
and various health outcomes for mothers and fathers. Specifically, we review research
on a wide range of short-, medium-, and long-term health outcomes that could plausi-
bly be linked with visits to a GP, the health outcome we measure in this study. Despite
excluding GP visits related to pregnancy complications from our outcome variable,
we review the literature on adverse pregnancy outcomes because they could have
negative long-term effects that increase the likelihood of a GP visit.

Adverse Pregnancy Outcomes

Studies focusing on the potentially detrimental effects of short or long birth intervals
in high-income countries have primarily focused on potential detrimental effects on
children (Barclay and Kolk 2017, 2018; Buckles and Munnich 2012; Conde-Agudelo
et al. 2006; Molitoris et al. 2019). Considerably less research has studied parental
health. Most research on the relationship between birth spacing and parental health
has used observational data, limiting the extent to which the net effect of birth spac-
ing could be distinguished from confounding factors that jointly influence both birth
spacing behavior and the health outcome under investigation. A systematic review
of 22 studies published between 1966 and 2006 indicated that short birth intervals
are associated with an increased risk of uterine rupture among women attempting a
vaginal birth after previous cesarean delivery and an increased risk of uteroplacental
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bleeding disorders; long birth intervals were associated with an increased risk of pre-
eclampsia and abnormally slow or protracted labor (Conde-Agudelo et al. 2007). A
lack of clear and sufficient evidence has limited the extent to which conclusions can
be drawn about the relationship between birth intervals and other outcomes, such
as the risk of maternal death and anemia (Conde-Agudelo et al. 2007; Wendt et al.
2012). A more recent review covered six newer studies published between 2006 and
2018. This review reported that short interpregnancy intervals were associated with
increased risks of obesity, gestational diabetes, precipitous labor, placental abrup-
tion, and labor dystocia and a decreased risk of preeclampsia (Ahrens et al. 2019;
Appareddy et al. 2017; Blumenfeld et al. 2014; Davis et al. 2014; Hanley et al. 2017;
Sandstrom et al. 2012; Zhu et al. 20006).

Although many of these studies have attempted to adjust for confounding in the
relationship between birth spacing and maternal health outcomes, we know of only
two studies that have specifically tried to adjust for both observed and unobserved
characteristics that might drive an association between birth spacing and parental
health. Hanley et al. (2017) and Liu et al. (2021) attempted to address unobserved
confounding by comparing within-mother pregnancy outcomes after birth intervals
of different lengths. Using perinatal register data from British Columbia, Canada,
Hanley et al. examined gestational diabetes, preeclampsia, and obesity at the begin-
ning of the following pregnancy. Short interpregnancy intervals (0—5 or 6—11 months)
were associated with increased risks of gestational diabetes and obesity, and these
risks persisted even in a within-mother comparison analysis (Hanley et al. 2017).
They suggested that short intervals might mean that the mother has less time to lose
weight before the following pregnancy, potentially increasing the risk of obesity at
the beginning of that pregnancy; gestational diabetes is also associated with obesity
(Hanley et al. 2017). Liu et al. (2021) used data from 1997-2012 California perinatal
registers and a within-mother comparison design to examine severe maternal morbid-
ity (SMM)), defined to include potentially life-threatening conditions (e.g., eclampsia
or sepsis). They found that relative to interpregnancy intervals of 18-23 months,
shorter intervals (including 0—6 months) were associated with a lower risk of SMM,
whereas longer intervals (including >59 months and 24-59 months) were associated
with an increased risk of SMM (Liu et al. 2021).

Mental Health Outcomes

Relatively little research has examined the relationship between birth spacing and
parental mental health using large-scale quantitative data. Research suggests that rais-
ing infant twins or infants separated by a short birth interval is more stressful for par-
ents (Glazebrook et al. 2004) and that shorter birth intervals might increase the risk of
parental divorce (Berg et al. 2020). Furthermore, research has suggested that parents
of closely spaced children are more likely to report symptoms of depression than par-
ents of more widely spaced children (Thorpe et al. 1991). With caution, we might also
be able to draw inferences from research examining whether parents of twins—in
some respects, a special case of extremely short birth spacing—have different mental
health outcomes than parents of singletons. Research suggests that parents of twins are
even more likely to report symptoms of anxiety and postpartum and early parenthood
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depression than parents of closely spaced children (Choi et al. 2009; Thorpe et al.
1991; Wenze et al. 2015). As mentioned earlier, some research also found that partic-
ularly short or long interpregnancy intervals can increase the probability of preterm
birth and low birth weight (Conde-Agudelo et al. 2006), and the challenges of raising
a child born preterm or with low birth weight might also increase the probability of
suffering from depression (Poehlmann et al. 2009). However, the latter association
is complicated by evidence suggesting that antenatal depression and anxiety might
increase the probability of preterm delivery (Méannistd et al. 2016; Staneva et al. 2015).

Long-Term Outcomes

Less research has examined longer term outcomes in relation to birth spacing,
although several of these studies distinguish themselves by examining fathers in
addition to mothers. Grundy and Kravdal (2014) used Norwegian register data to
examine birth spacing history in relation to mothers’ and fathers’ mortality in late
adulthood. They found that parents of two or three children had higher mortality if the
intervening interval was 18 months or shorter relative to 30—41 months and that mor-
tality was lower for parents of three or four children who experienced longer average
birth intervals (Grundy and Kravdal 2014). They also found that short birth intervals
between the first and second births were associated with increased medication use.
Other research found that short birth intervals can increase mothers’ mortality in later
life (Grundy and Tomassini 2005) and increase mothers’ and fathers’ likelihood of
long-term health impairments (Read et al. 2011). Hanson et al. (2015) used data from
the Utah Population Database to examine the association between various dimensions
of reproductive history, including birth spacing, and long-term morbidity. They found
that having at least one long birth interval was associated with a lower likelihood of
morbidity for women, but they found no association for men (Hanson et al. 2015).
Other work also found that both particularly short or long birth intervals are associated
with increased risk of cardiovascular disease (Ngo et al. 2016), cardiovascular-related
mortality, and all-cause mortality (Weisband et al. 2020).

Theoretical Mechanisms

Health Consequences of Pregnancy and Childbirth

A review of the literature on potential mechanisms suggests that a few nonexclusive
physiological processes might connect birth interval length with maternal health out-
comes, including maternal nutrient depletion, incomplete healing of the uterine scar,
an abnormal process of remodeling of endometrial blood vessels, and physiological
regression (Conde-Agudelo et al. 2012). Although we do not study pregnancy-related
outcomes, we review these mechanisms because some of these physiological pro-
cesses and related outcomes might have negative consequences that extend beyond
pregnancy and the immediate postnatal period. Excessively short birth intervals might
cause maternal nutrient depletion, which could lead to negative maternal anthropo-
metric effects, such as loss of fat stores, deficiencies of key nutrients, and a decrease
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in body mass index (Khan et al. 1998; Winkvist et al. 1992). However, this evidence
is not overwhelmingly clear (Conde-Agudelo et al. 2012). In populations where mal-
nutrition is a public health problem, admittedly uncommon in the Norwegian context
that we study, maternal nutrient depletion might lead to an imbalanced nutrient distri-
bution between the mother and the fetus (King 2003). Incomplete healing of a uterine
scar might lead to uterine rupture if a cesarean delivery is followed by a short inter-
pregnancy interval or by an attempt at vaginal delivery (Bujold and Gauthier 2010;
Conde-Agudelo et al. 2007). Abnormal remodeling of endometrial blood vessels can
lead to uteroplacental bleeding disorders, and the risk of this outcome increases with
short interpregnancy intervals (Conde-Agudelo et al. 2006). Physiological regression
is the only hypothesis that suggests a link between long birth intervals and maternal
health outcomes. This hypothesis suggests that women experience numerous phys-
iological adaptations that optimize the body for pregnancy and child delivery but
that these adaptations revert slowly over time, with mothers’ physical state after long
intervals being similar to that of women who have never been pregnant (Zhu et al.
1999). Although this mechanism is not well understood, the risks of preeclampsia
are similar for first-time mothers and women conceiving after a long interpregnancy
interval of five years or more (Conde-Agudelo et al. 2005; Conde-Agudelo et al. 2007).
No direct physiological pathways link birth spacing to health outcomes among men.

Stress of Childcare

The spacing between children might influence resource distribution in the family, car-
ing conditions, and other related factors. Parents with closely spaced children, partic-
ularly when those children are young, might experience greater demands on their time
and attention, greater stress and anxiety, fewer opportunities to rest and recover, less
time to exercise, and a greater likelihood of gaining weight (Glazebrook et al. 2004;
Hagen et al. 2013; Kravdal et al. 2020; Nomaguchi and Bianchi 2004; Reczek et al.
2014; Umberson et al. 2011; Wenze et al. 2015). All else being equal, a sparser birth
schedule will spread out parental time commitments and stress over more years, reduc-
ing the intensity of parenting over that period. Thus, parents who raise closely spaced
children may be more likely to have poor health than parents whose children are spaced
further apart. The short-interval burden might be the heaviest for mothers. Although
Norway is characterized by relatively gender-egalitarian parenting, generous parental
leave, and heavily subsidized childcare, women still shoulder more responsibility for
childcare than men (Bernhardt et al. 2008; Kittered and Lappegérd 2012; Sayer 2005).

Selection Processes

The preceding sections note several plausible mechanisms by which birth spacing
may affect parental health. Nevertheless, birth spacing behavior is not randomly dis-
tributed, and parents who have children after particularly short or long birth intervals
might differ from other parents in socioeconomic status, health, or other demo-
graphic characteristics—factors that also affect later mental and physical health.
Data from the United States show that short birth intervals are more common among
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socioeconomically disadvantaged mothers, teenage mothers, and mothers who are
racial or ethnic minorities; they are also more common among socioeconomically
advantaged parents in their late 30s, who are presumably pursuing an accelerated fer-
tility schedule following a delayed first birth (Gemmill and Lindberg 2013; Thagard
et al. 2018). On the other hand, long birth intervals might result partly from partner
changes. Although factors such as parental age at childbearing, socioeconomic sta-
tus, partnership histories, and race and ethnicity are often measured in observational
data, they might be imperfectly measured. Unobserved factors could also drive an
association between birth spacing and parental health outcomes. For example, if an
underlying health condition affects both fecundity and later health outcomes, women
with longer birth intervals could have worse health later. We implement individual-
and sibling-level fixed effects to adjust for unobserved factors that could drive any
association between birth spacing and parental health outcomes.

Data and Methods

Data Sources

The study’s data sources are the Norwegian Population Register, the Educational Data-
base, and the Health Reimbursement register (Kontroll og utbetaling av helserefusjoner
register, KUHR), the latter with information about GP consultations from 2006." The
data extractions for this analysis cover the period up to January 1, 2019.

All persons who ever lived in Norway after 1964 are included in the Population
Register and assigned a personal identification number (PIN) that allows linkage to
other registers. The Population Register includes information about the person’s year
and month of birth and death (if any), as well as marital and cohabitation status on
January 1 each year from 2005 to 2019 (Falnes-Dalheim 2009). For 1975-2004, the
register includes full information about marital status but not cohabitation. Because
parents’ PINs are included for almost everyone born in Norway after 1953, almost full
histories of live births are available for women and men born after 1935. Furthermore,
the data have annual information on whether the person lived in Norway on January 1
and their municipality of residence. Additionally, we extracted annual information on
educational achievements from the Educational Database in Statistics Norway.

The outcome variable in this study is the annual number of face-to-face GP consul-
tations for two main types of disease: mental diseases and physical diseases (exclud-
ing pregnancy-related diseases).? An important part of our analysis is examining
the sensitivity of the conclusions to the choices of statistical approach and the time

! Primary health care personnel report consultations to KUHR to receive reimbursement from the state.
Additionally, KUHR includes some consultations with specialists. In the data extracted for our analysis,
99.4% of the consultations are with physicians we can reasonably consider GPs. The few GPs without a con-
tract with the health authorities, who therefore do not benefit from public subsidies, do not report to KUHR.
2 Up to two diagnoses in the International Classification of Primary Care (ICPC-2) system are given for
each consultation. (In 0.8% of the consultations, three or more diagnoses are given; we considered only
the first two.). A consultation with at least one mental diagnosis (P70-P99) was considered to be due to a
mental disease. If at least one diagnosis contained the digits 70-99 and the chapter was not P (mental dis-
eases) or W (pregnancy-related diseases), the consultation was considered to be due to a physical disease.
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window for health measurement. We study two short-term periods to see whether the
influence of birth spacing on parental health differs between the immediate postpar-
tum period and a later period. We examine effects 60—83 and 120—143 months after
birth to test for potentially protracted or persistent effects of birth spacing on paren-
tal health. The entire follow-up period (i.e., 1-5, 611, 60-83, or 120—143 months)
has to fall within January 1, 2006—December 31, 2018. Note that although GPs do
not treat the most severe diseases, the use of specialized health care usually requires
GP referrals. Thus, the indicators reflect a combination of severe and less severe
conditions.

Statistical Analysis

We analyzed data on all women and men born in 1935 or later and who had at least
one live birth during 1996-2017. Our description of the statistical analysis refers to
mothers, but we conducted the same analysis for fathers, with corresponding var-
iables defined accordingly (e.g., using paternal age rather than maternal age). We
excluded mothers with one or more twin deliveries.

For every childbirth of parities 2—5 born in 1996-2017, we calculated the length
of the mother’s previous birth interval. This birth interval is represented by a cate-
gorical variable (6-11, 12-17, 18-23, 24-29, 30-35, 36-47, 48-59, 60-83, 84-119,
or 120+ months).> We estimated various models to explore the relationship between
birth intervals and the number of GP consultations in a specified time interval (e.g.,
6—11 months after the birth). If the mother (or father) was not resident in Norway in
each calendar year that includes at least one of the months during the specified time
interval, we excluded the birth from the analysis (although we counted it along with
other births when calculating birth order and birth interval lengths). Being resident in
a calendar year was defined as being resident on January 1 of that year and the sub-
sequent year. This apparently clumsy definition reflects that the data do not include
more detailed residence histories. The meager number of birth intervals shorter than
6 months (which implies a new pregnancy immediately after birth and a subsequent
premature birth) was excluded from the analysis.

Models

To examine the relationship between birth intervals and GP consultations for mental
and physical health, we estimate linear regression models—some that include indi-
vidual fixed effects and others that include sibling fixed effects. Our core research
question, whether birth spacing affects parental health, contains two subquestions:
whether birth spacing affects short-term parental health and whether birth spacing
affects longer term parental health. We use individual fixed-effects models to try to

* Extremely short birth intervals are exceedingly rare. For example, in the analytic sample used for Model
la, only two observations had a 6-month interval, six had a 7-month interval, 12 had an 8-month interval,
and 37 had a 9-month interval. Intervals of 10 or 11 months are more common, but we observe only 193
and 745 instances, respectively.

202 Mdy 9z uo 1senb Aq jpd-Aejoieqgee/L L L02/£6€/2/19/spd-8101e/Aydeibowep/npe ssaidnaxynp:peal//:dpy woly pepeojumoq



Birth Spacing and Parents’ Physical and Mental Health 401

isolate the net effect of birth spacing on the mother’s and father’s short-term out-
comes by holding constant factors across births to the same mother or father. To
study medium- and long-term physical and mental health, we apply sibling fixed
effects (for same-sex maternal siblings) to adjust for mothers’ and fathers’ family
background factors that might influence both birth spacing behavior and health.

Short-Term Outcomes

We first examine all births at parities 2—5 in 2006-2017 and the number of consul-
tations the mother or father had in the 1-5 months after the birth. We estimate three
models:

* Model 1a includes X, (parental age and birth parity) and uses the full sample of
births during this period.

* Model 1b is based on the sample of parents for whom we have data on at least
two births at parities 2—5 in the time window of our study (i.e., the within-
individual fixed-effects sample), but individual fixed effects are not applied. This
model adjusts for the vector of control variables X (as defined previously), as
well as Z;; (mother’s educational level, mother’s marital/cohabitation status, and
whether the co-parent is the same as at the previous parity). Cohabitation status
is measured on January 1 in the year that we start counting GP consultations
for each index person, and parental education is measured on October 1 of the
year preceding the year in which we count GP consultations for each index per-
son. Therefore, parental education and cohabitation status are measured shortly
before or after the index person gives birth or fathers the child. These control
variables are time-varying to the extent that they change between births.

* Model 1cuses the same sample and control variables as Model 1b but adds indi-
vidual fixed effects—that is, it compares a mother’s outcomes following birth
intervals at different parities.

Next, we continue our examination of all births at parities 2—5 in 2006-2017, but we
change the outcome to the number of consultations 6—11 months after the birth. Again,
we estimate three models: Models 2a, 2b, and 2¢, which parallel Models 1a, 1b, and lc.

In principle, the outcome (maternal health) could affect the exposure for the next-
born child (the interval up to the birth of that child), referred to as the “carry-over
problem” (Sjolander et al. 2016). In particular, mothers with relatively poor health
after a birth might be less likely to have another child quickly (Margolis and Myrskyla
2015). However, the sibling model estimates of the effects of birth intervals on mater-
nal health will be substantially biased only if this effect of health on subsequent fer-
tility is extremely strong, which is unlikely (Kravdal 2020).

Medium- and Long-Term Outcomes

Finally, to look at medium- and long-term health outcomes, we consider mothers’
and fathers’ number of consultations for mental or physical diseases 60—83 months
(5-6 years) or 120—143 months (1011 years) after the last birth to the index parent.
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For the medium- and long-term outcomes, we operationalize birth intervals as the
average birth interval across all previous births. Our starting point for medium-term
outcomes is all mothers (and fathers) with at least one child of parity 2+ aged 60—83
months during 2006-2018 (i.e., the children had to be born in 2001-2012). Similarly,
for long-term outcomes, we study all mothers (and fathers) with at least one child of
parity 2+ aged 120—143 months during 2006-2018 (i.e., the children had to be born
in 1996-2007). We estimate three models for medium-term outcomes:

* Model 3a includes variables X, (birth parity and age at birth for the index
parent).

* Model 3b is based on the sample we use for the sibling fixed-effects analysis
but does not apply sibling fixed effects. That is, the sample includes mothers
whose own mother’s PIN is observed and who have at least one same-sex sib-
ling with a birth as specified earlier (i.e., at least one child of parity 2+ aged
60—83 months during 2006-2018). Model 3b adjusts for the vector of control
variables X (as defined previously) and adds the variables Z (also as defined
earlier). These variables are measured at the beginning of the period over which
we measure GP consultations (i.e., January 1 in the year of the first month of our
study period).

* Model 3c uses the same sample and control variables as Model 3b but adds sib-
ling fixed effects.

We conduct each analysis separately for mothers and fathers and separately for
physical and mental health consultations. For long-term outcomes, we estimate three
models: Models 4a, 4b, and 4c.

For each analysis, we present both unscaled and scaled regression coefficients,
where the scaled coefficients are unscaled regression coefficients divided by the
mean number of GP consultations for the specific combination of sex (women or
men), outcome type (physical or mental health consultations), outcome measurement
period (1-5, 611, 60-83, or 120-143 months after birth), and statistical modeling
approach (fixed effects or not). We present scaled regression coefficients to empha-
size the magnitude and substantive significance of the results. This scaling exercise is
important given that care-seeking, for example, remains much less common for men-
tal health than for physical ailments. In the results section, the tables present unscaled
regression coefficients, and the figures present scaled regression coefficients.

Results

Descriptive Statistics

Table 1 shows the mean number of consultations in which a mental or physical issue
is reported as a diagnosis, by birth interval length for men and women for each time
window. Notably, seeking care for mental health is much less common than seeking
care for physical health, but seeking care for both mental and physical issues is much
more common in the long term than in the short term. The latter finding, however,
likely reflects parental age effects. Across all study periods, mothers and fathers who
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Table 1 Descriptive statistics for Norwegian mothers’ and fathers’ mean number of GP consultations
for mental and physical issues in specific periods (1-5, 6-11, 60-83, and 120143 months) after birth

Average Number of Consultations Average Number of Consultations
for Mental Health Issues for Physical Health Issues
Fixed-Effects Fixed-Effects
Full Sample Sample Full Sample Sample
Period Interval Mother  Father =~ Mother ~ Father =~ Mother  Father — Mother  Father
1-5 Months
After Birth 6-11 0.088 0.096 0.094 0.099 0.701 0.608 0.716 0.611
12-17 0.049 0.064 0.052 0.067 0.589 0.515 0.581 0.521
18-23 0.039 0.048 0.038 0.054 0.550 0.460 0.544 0.574
24-29 0.033 0.038 0.033 0.041 0.535 0.435 0.511 0.448
30-35 0.033 0.041 0.033 0.039 0.545 0.425 0.533 0.438
36-47 0.039 0.043 0.036 0.044 0.550 0.441 0.534 0.458
48-59 0.044 0.049 0.038 0.054 0.555 0.460 0.553 0.467
60-83 0.054 0.058 0.054 0.060 0.561 0.483 0.561 0.492
84-119  0.063 0.069 0.061 0.065 0.571 0.508 0.564 0.511
120+ 0.070 0.085 0.057 0.070 0.594 0.561 0.551 0.519
Total 0.044 0.051 0.041 0.051 0.555 0.463 0.543 0.471
6-11 Months
After Birth 6-11 0.190 0.139 0.193 0.144 0.921 0.696 0.927 0.702

12-17 0.098 0.074 0.102 0.078 0.740 0.617 0.739 0.633

18-23 0.070 0.053 0.073 0.060 0.660 0.553 0.654 0.563

24-29 0.059 0.048 0.057 0.054 0.625 0.525 0.607 0.538

30-35 0.062 0.048 0.064 0.046 0.627 0.511 0.611 0.514

36-47 0.065 0.053 0.065 0.057 0.621 0.523 0.622 0.547

48-59 0.073 0.059 0.070 0.064 0.640 0.544 0.631 0.554

60-83 0.090 0.073 0.090 0.073 0.647 0.574 0.662 0.581

84-119  0.112 0.079 0.114 0.083 0.668 0.608 0.669 0.608

120+ 0.124 0.105 0.101 0.102 0.706 0.684 0.644 0.633

Total 0.076 0.061 0.075 0.063 0.647 0.555 0.641 0.562

60-83 Months

After Birth 6-11 1.056 0.478 1.357 0.393 4.137 2.802 4.667 3.098
12-17 0.600 0.444 0.683 0.380 3.366 2.463 3.331 2.257

18-23 0.472 0.273 0.448 0.281 3.061 2.185 2918 1.924

24-29 0.465 0.273 0.435 0.198 2.951 2.081 2.813 1.970

30-35 0.441 0.259 0.431 0.228 2914 2.097 2.837 1.968

36-47 0.491 0.272 0.469 0.243 3.084 2.206 2.946 2.090

48-59 0.599 0.339 0.584 0.277 3.382 2.439 3.276 2.223

60-83 0.715 0.388 0.669 0.346 3.639 2.694 3.593 2.545

84-119  0.800 0.414 0.790 0.412 3.894 2977 3.879 2.806

120+ 0.838 0.489 0.884 0.453 4.273 3.418 4.216 3.187

Total 0.561 0.319 0.535 0.276 3.261 2.380 3.139 2.200

120-143 Months

After Birth 6-11 1.013 0.555 0.192 0.169 3.982 2.858 4.308 3.153
12-17 0.704 0.398 0.621 0.321 3.460 2.544 3.422 2.485

18-23 0.539 0.309 0.513 0.296 3.061 2.369 2.823 2.212

24-29 0.475 0.305 0.458 0.239 3.007 2.242 2.856 2.066

30-35 0.465 0.263 0.421 0.218 3.048 2.256 2915 2.063

36-47 0.501 0.281 0.468 0.232 3.222 2.396 3.104 2.228

48-59 0.604 0.317 0.570 0.255 3.538 2.594 3.360 2.386

60-83 0.684 0.387 0.665 0.353 3.815 2.908 3.729 2.675

84-119  0.788 0.444 0.799 0.389 4.131 3.304 4.195 3.093

120+ 0.867 0.476 0.924 0.472 4.441 3.731 4.282 3.282

Total 0.578 0.327 0.548 0.276 3.413 2.581 3.282 2.367
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Fig. 1 The relationship between birth intervals and Norwegian mothers’ and fathers’ number of GP con-
sultations for mental and physical health 1-5 months after birth. The coefficients are scaled by the mean
number of consultations in the analytic sample.

experience extremely short birth intervals (6—11 months) have the highest probabil-
ity of seeking care, although care-seeking is also relatively more common among
mothers and fathers who experience a long birth interval of 120+ months. Further
descriptive information on the distribution of each covariate is available in Tables
S1-S4 (online appendix).

Short-Term Outcomes (1-5 and 6-11 months after birth)

Figure 1 and Table 2 show the results for men and women for consultations for both
mental and physical issues 1-5 months after birth. Figure 2 and Table 3 show the cor-
responding results for 6-11 months after birth. Clear and consistent patterns are evi-
dent. The results from Models 1a and 2a—which include minimal control variables,
are based on the full sample, and do not apply fixed effects—show a U- or J-shaped
curve: short birth intervals (particularly <18 months) and long birth intervals (par-
ticularly >47 months) are associated with more GP consultations. Models 1b and
2b introduce additional control variables and use the individual fixed-effects sample
but do not apply individual fixed effects. These models tend to show an association
between short birth intervals and more GP consultations but reveal a much weaker
association between long birth intervals and GP consultations.

Our key analyses are those that employ individual fixed effects: Models 1c and
2¢. The results from these fixed-effects analyses show much smaller associations
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Fig. 2 The relationship between birth intervals and Norwegian mothers’ and fathers’ number of GP con-
sultations for mental and physical health 6-11 months after birth. The coefficients are scaled by the mean
number of consultations in the analytic sample.

between birth interval length and GP consultations in both absolute terms (see Tables
2 and 3) and relative terms (see Figures 1 and 2, where the regression coefficient is
divided by the mean number of GP consultations, shown in Table 1). Indeed, the
results from Models 1c and 2¢ generally suggest little to no relationship between birth
interval length and GP consultations in terms of substantive and statistical signifi-
cance, with a few exceptions. For example, short birth intervals are associated with
more GP consultations for mental health for mothers in the 6—11 months after birth.
In absolute terms, this difference is small (only 0.076 more GP consultations relative
to the reference category). However, given that the baseline number of mothers’ GP
consultations for mental health 6-11 months after birth is 0.075 in the analytic sam-
ple, it is large in relative terms. We also see some suggestion that longer birth intervals
are associated with fewer GP consultations for physical health 6—11 months after birth
for mothers and fathers and that both shorter and longer intervals might be associated
with fewer GP consultations of either kind for fathers 5—11 months after birth.

Medium-Term Outcomes (5-6 years after birth)

Figure 3 and Table 4 show the relationship between birth intervals and mothers’ and
fathers’ frequency of GP consultations for mental and physical health issues 5—6 years
after birth. Model 3a uses the full sample with minimal controls, Model 3b employs
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Fig.3 The relationship between birth intervals and Norwegian mothers’ and fathers’ number of GP consul-
tations for mental and physical health 5-6 years after birth. The coefficients are scaled by the mean number
of consultations in the analytic sample.

additional controls but still avoids fixed effects, and Model 3¢ includes sibling fixed
effects to control for unobserved heterogeneity in the family of origin.

For fathers, Model 3a generally shows a pattern of association between longer
birth intervals (particularly >60 months) and increased GP consultations for men-
tal and physical health. However, when we introduce additional controls and fixed
effects in Models 3b and 3c, the relationships become less clear and sometimes
change direction. Specifically, Model 3c indicates limited associations between birth
intervals and GP consultations, with a few intervals showing a negative relationship.
Thus, unobserved shared family background factors might influence the association
between birth spacing and parents’ later health outcomes.

For mothers, the results are more nuanced. Model 3a shows a substantial asso-
ciation between short birth intervals (6—11 months) and more GP consultations for
mental health. This trend remains consistent but decreases in magnitude in Models
3b and 3c. In Model 3c, which adds sibling fixed effects, mothers have 1.144 addi-
tional visits to a GP for mental health concerns relative to the reference category—a
considerable relative difference, given that the mean number of consultations in this
sample is 0.535. For physical health, GP consultations increase for longer birth inter-
vals (particularly 60—83 and 84—119 months) across all models. Interestingly, Model
3¢, which includes sibling fixed effects, shows only modest associations for mental
health but maintains a somewhat consistent relationship for physical health consul-
tations for parents with longer birth intervals. What stands out most is the attenuat-
ing effect of sibling fixed effects on the relationship between birth intervals and GP
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Fig. 4 The relationship between birth intervals and Norwegian mothers’ and fathers’ number of GP con-
sultations for mental and physical health 10—11 years after birth. The coefficients are scaled by the mean
number of consultations in the analytic sample.

consultations. Once shared family background characteristics are controlled for in
Model 3c, the relationship weakens considerably, suggesting that unobserved factors
play a significant role.

Long-Term Outcomes (10-11 years after birth)

The results presented in Figure 4 and Table 5 are based on analyses examining the
long-term impact of birth intervals on mothers’ and fathers’ frequency of GP con-
sultations for mental and physical health. This examination employs three distinct
models for both sexes and both types of health. Model 4a utilizes the full sample with
minimum controls, Model 4b adds more controls but avoids fixed effects, and Model
4c includes sibling fixed effects to control for family-based unobserved heterogeneity.

For fathers, the results from Model 4a indicate a positive relationship between
short birth intervals (6-11 months) and physical health consultations. This associ-
ation remains somewhat consistent across Models 4a, 4b, and 4c but increases in
Model 4c. Findings for Model 4c suggest that shorter intervals might have a lasting
impact on fathers’ physical health, although these differences are not statistically sig-
nificant. The relationships for mental health are less consistent across models. Fur-
ther, the coefficients generally decrease with additional controls and fixed effects,
indicating that family background factors might confound the associations. For
mothers, the results from Model 4a indicate significant associations between both
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short and long birth intervals and increased GP consultations for mental and physi-
cal health. However, the introduction of additional controls in Model 4b and sibling
fixed effects in Model 4c attenuates these relationships, particularly for mental health.
Thus, shared family characteristics and other unobserved factors might play a role in
these associations.

Interestingly, for both mothers and fathers, the relationship with birth intervals
seems more robust for physical health than for mental health. Even with the introduc-
tion of additional controls and sibling fixed effects, the direction of the associations
generally remains the same, especially for longer birth intervals (84—119 months and
120+ months).

Supplementary Analyses

The preceding results raise a question regarding the extent to which the differences
between the a and b models are attributable to changes in the analytic sample (i.e.,
comparing the full sample with the fixed-effects sample) and how much they are
attributable to changing the control variables. In supplementary analyses, we run
Model la on both the full sample and the fixed-effects sample; we do the same for
Models 2a, 3a, and 4a. Overall, these comparisons reveal remarkably similar results,
suggesting that the differences we observe are not due to changes in the analytic
sample.

Discussion

In this study, we add to the growing literature on the effects of birth spacing on
parents’ and children’s health and well-being. To our knowledge, ours is one of the
first studies to use both an individual and sibling fixed-effects approach to adjust
for unobserved characteristics that might be related to both birth spacing behavior
and later health outcomes to try to isolate the net effect of birth spacing. Further-
more, we extend the literature by applying this approach to both physical and mental
health outcomes; examining these outcomes in the short, medium, and long term; and
exploring outcomes for both mothers and fathers. The results from our associational
analyses, not holding constant the individual-level or sibling-group-level factors, are
broadly in line with previous research on this topic (which has been restricted mostly
to controlling for only observed characteristics): mothers and fathers seem to have
worse health outcomes if they experience short or long intervals between births.

The results from our various fixed-effects analyses are more ambiguous: in mod-
els that hold constant either individual-level or family background characteristics, the
adverse effects of short and long birth intervals are much smaller than those estimated
in our naive models, but they are not zero. The strongest pattern that we observe sug-
gests support for a plausibly adverse causal effect of very short intervals on mothers’
mental health, perhaps related to increased stress from raising tightly spaced chil-
dren; this pattern is observable for mental health 6-11 months and 5-6 years after
birth. We also find evidence suggesting that longer birth intervals may be protective
for mothers’ and fathers’ mental health in the short-term after birth, but the lack of
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consistency in the findings for the separate analyses of the periods 1-5 and 6-11
months after birth suggests that we should be cautious about overinterpreting these
results. The similar findings for men and for women in both fixed-effects models and
other models are noteworthy, particularly given that the hypothesized mechanisms
linking spacing to later health outcomes give us reason to expect large sex differences
in physiological effects and day-to-day childrearing effects.

Our analysis of long-term outcomes shows that very short and longer average birth
intervals increase the probability of care-seeking for physical health problems. The
similarity of the patterns for men and women suggests that the results might be driven
by the stress of raising closely spaced children rather than negative consequences
related to perinatal outcomes directly associated with the pregnancy. Alternatively, it
might suggest that similar selection processes for men and women produce similar
results for the relationship between birth spacing and long-term health. The negative
effect of long birth intervals in these analyses is also plausibly related to the lesser
effectiveness of sibling fixed effects in controlling for unobserved factors related to
spacing behavior and health relative to individual-level fixed effects. These sibling
comparison models should arguably be seen as providing a more effective control for
family background factors than the individual fixed-effects models, which adjust for
all stable individual-level factors.

In the literature using sibling fixed effects to estimate the influence of birth spacing
on medium- and long-term child outcomes, the negative effects of birth spacing seem
to be largely explained by various forms of confounding (Barclay and Kolk 2017,
2018; Barclay and Smith 2022). In contrast, we uncover evidence that short and long
birth intervals, in particular, might negatively impact parental health, even after holding
constant unobserved factors at the individual level and in the family of origin. How-
ever, we suggest caution and advise against an overinterpretation of the findings given
that the absolute differences remain very small. Our results are somewhat consistent
with previous research by Hanley et al. (2017) but not Liu et al. (2021). These studies
also used within-mother estimators to examine the relationship between birth spac-
ing and several specific health outcomes, including gestational diabetes, preeclampsia,
beginning the following pregnancy obese (Hanley et al. 2017), and SMM (Liu et al.
2021). However, any comparison between our findings and those two studies must
take into account the outcomes considered. They examined acute health outcomes,
whereas our health measure reflects a mixture of acute and nonacute mental and phys-
ical health issues diagnosed by a GP, except for those issues judged to be pregnancy
complications or pregnancy-related (i.e., chapter W in the International Classification
of Primary Care [ICPC-2]*). Further work on this topic that examines different out-
comes in different periods after birth and across different countries is needed.

* Such issues include: W70 Puerperal infection/sepsis; W71 Infection complicating pregnancy; W72
Malignant neoplasm related to pregnancy; W73 Benign/unspec. neoplasm/pregnancy; W75 Injury com-
plicating pregnancy; W76 Congenital anomaly complicate pregnancy; W78 Pregnancy; W79 Unwanted
pregnancy; W80 Ectopic pregnancy; W81 Toxaemia of pregnancy; W82 Abortion spontaneous; W83
Abortion induced; W84 Pregnancy high risk; W85 Gestational diabetes; W90 Uncomplicate labour/
delivery live; W91 Uncomplicate labour/delivery still; W92 Complicate labour/delivery livebirth; W93
Complicate labour/delivery stillbirth; W94 Puerperal mastitis; W95 Breast disorder in pregnancy other;
W96 Complications of puerperium other; and W99 Disorder pregnancy/delivery, other.
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A potential problem with our models examining health outcomes 6—11 months
after childbirth is that there may already be a new pregnancy (which is much less
likely when studying outcomes 1-5 months after delivery). The chance of such a
pregnancy could be affected by the mother’s health (leading to the aforementioned
carry-over problem in a sibling analysis), but a pregnancy may also affect the moth-
er’s health within the 6- to 11-month period (even if pregnancy-related diseases are
not counted)—causality may run both ways. In the presence of such an effect of an
ongoing pregnancy on the mother’s health and also an effect of a short previous inter-
val on the chance of getting pregnant again as quickly as within 611 months, the
ongoing pregnancy would be mediating the effect of the previous birth interval length
on mother’s health. In principle, then, one might want to control for the ongoing preg-
nancy to account for that pathway to determine a more direct effect. Alternatively,
the previous birth interval length and the chance of an ongoing pregnancy might be
noncausally linked (produced by joint determinants), making controlling for the latter
even more important. However, one should be careful about controlling for the ongo-
ing pregnancy in this situation with a possible two-way causality between pregnancy
and the mother’s health, which might lead to so-called collider bias. More specifi-
cally, if both the mother’s health and the previous interval or its determinants affect
the chance of an ongoing pregnancy, controlling for the latter produces an additional
link between the previous birth interval and the mother’s health, which constitutes
the collider bias.

The relative degree to which our outcome measure captures health versus differ-
ences in health-seeking behavior requires reflection. Although this concern is legit-
imate, perhaps particularly in relation to mental health, the individual-level fixed
effects should be an effective tool for holding constant the inclination to seek pro-
fessional help for a health problem. The sibling comparison models might also be
effective, albeit to a lesser extent. Our individual fixed-effects models do not implic-
itly adjust for factors that vary over time. However, we explicitly adjust for parity,
education, marital status, and change of co-parent to the extent that those factors vary
between births.

As noted earlier, the ACOG advises mothers to wait at least 6 months between
pregnancies (ACOG 2019). Overall, we do not find strong evidence to support the
ACOG’s recommendation for the outcomes we study (i.e., GP consultations for men-
tal or physical health concerns). Nevertheless, some of our analyses suggest mildly
worse outcomes for mothers who give birth after very short birth intervals. Further, the
ACOG recommendation could be valid for such maternal health outcomes as adverse
pregnancy outcomes (Conde-Agudelo et al. 2007). Therefore, further research that
accounts for unobserved individual heterogeneity is needed before physicians and
potential mothers discard the ACOG’s recommendations.

Despite some limitations, our study makes an important contribution to the liter-
ature. We provide “more causal” estimates that better adjust for more unobservable
factors than previous research on this topic. Our results generally suggest that par-
ents with particularly short or long intervals between births might have more health
issues than parents with birth intervals of approximately 18-30 months, but they
principally indicate that the strongest effects are concentrated around the negative
effects of short intervals on mothers’ mental health. We urge caution in generalizing
these findings beyond the Norwegian context. Norway has a generous welfare state
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that provides excellent prenatal care and highly subsidized childcare, which could
moderate the adverse effects of very short or long birth intervals. Nevertheless, our
observation of some negative effects of birth spacing in a context providing sub-
stantial support for parents suggests that the negative effects of more extreme birth
spacing might be worse in less generous contexts. We address the effect of birth
spacing on general health following a pregnancy, including the long-term effects
of pregnancy complications. However, our analysis is less appropriate for under-
standing whether birth intervals directly affect pregnancy complications, a topic that
has been central in much previous research on the negative health consequences of
short birth intervals. Further work, particularly additional analyses of high-quality
population-level data using methods that can adjust for unobserved heterogeneity, is
essential for further developing our understanding of the effects of spacing behavior
on parental health. m
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