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IMPORTANCE Preterm birth is associated with increased mortality and morbidity. However,
previous studies have been unable to rigorously examine whether confounding factors cause
these associations rather than the harmful effects of being born preterm.

OBJECTIVE To estimate the extent to which the associations between early gestational age
and offspring mortality and morbidity are the result of confounding factors by using a
quasi-experimental design, the sibling-comparison approach, and by controlling for statistical
covariates that varied within families.

DESIGN, SETTING, AND PARTICIPANTS A population-based cohort study, combining Swedish
registries to identify all individuals born in Sweden from 1973 to 2008 (3 300 708 offspring
of 1 736 735 mothers) and link them with multiple outcomes.

MAIN OUTCOMES AND MEASURES Offspring mortality (during infancy and throughout young
adulthood) and psychiatric (psychotic or bipolar disorder, autism, attention-deficit/
hyperactivity disorder, suicide attempts, substance use, and criminality), academic (failing
grades and educational attainment), and social (partnering, parenthood, low income, and
social welfare benefits) outcomes through 2009.

RESULTS In the population, there was a dose-response relationship between early gestation
and the outcome measures. For example, extreme preterm birth (23-27 weeks of gestation)
was associated with infant mortality (odds ratio, 288.1; 95% CI, 271.7-305.5), autism (hazard
ratio [HR], 3.2; 95% CI, 2.6-4.0), low educational attainment (HR, 1.7; 1.5-2.0), and social
welfare benefits (HR, 1.3; 1.2-1.5) compared with offspring born at term. The associations
between early gestation and mortality and psychiatric morbidity generally were robust when
comparing differentially exposed siblings and controlling for statistical covariates, whereas
the associations with academic and some social problems were greatly or completely
attenuated in the fixed-effects models.

CONCLUSIONS AND RELEVANCE The mechanisms responsible for the associations between
preterm birth and mortality and morbidity are outcome-specific. Associations between
preterm birth and mortality and psychiatric morbidity are largely independent of shared
familial confounds and measured covariates, consistent with a causal inference. However,
some associations, particularly predicting suicide attempt, educational attainment, and social
welfare benefits, are the result of confounding factors. The findings emphasize the
importance of both reducing preterm birth and providing wraparound services to all siblings
in families with an offspring born preterm.
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P reterm birth is associated with increased risk of mortal-
ityduringinfancy1,2 andthroughyoungadulthood.3 Short-
ened gestational age (GA) also predicts offspring morbid-

ity across the lifespan,4,5 including psychiatric disorders,2,6-8

academic problems,2,9-11 and social difficulties.2,12-14

Precise estimates of the sequelae of shortened GA are criti-
cal for helping physicians and patients balance the benefits and
risks of various interventions during pregnancy,15 and properly
understanding the etiologic mechanisms is crucial for design-
ing effective prevention efforts.16 Most researchers have made
strong causal inferences regarding the consequences of early GA.
Research suggests that physical and immunologic immaturity
account for increased mortality5 and that brain abnormalities
mediate the associations with cognitive and psychiatric
problems.17,18 However, GA is associated with numerous envi-
ronmental risks, such as poverty, that are themselves predictive
of subsequent difficulties.19,20 Family- and twin-based studies
also indicate that genetic factors, primarily inherited from the
mother, influence GA.21-23 Environmental confounding and
shared genetic liability, therefore, could account for part or all
of the increased mortality and morbidity associated with GA.24

Human research has relied primarily on controlling for sta-
tistical covariates to account for confounding factors, which pro-
vides only qualified support for causal inferences because of the
inability to account for unmeasured confounding factors.25,26

Randomized studies in humans are impossible and animal stud-
ies of parturition have limited generalizability.15,27 Research-
ers, therefore, must use other methods to rule out plausible con-
founding by genetic and environmental factors. Prestigious
scientific working groups in medicine25 and researchers across
a number of other disciplines, including psychiatry,28,29

psychology,30-32 epidemiology,33 sociology,34 and economics,35

have stressed that quasi-experimental research, studies that use
design features to account for confounding factors, play an es-
sential role for drawing strong causal inferences. However, we
know of only one study of GA that used such an approach, a sib-
ling comparison study10 that found an independent associa-
tion with offspring attention-deficit/hyperactivity disorder
(ADHD) medication in a single year.

The aim of the present study was to explore the associa-
tions between GA and numerous indices of mortality and mor-
bidity in what we believe to be the largest population-based
cohort study of GA to date. We also sought to rigorously rule
out confounding factors by comparing differentially exposed
siblings to account for all genetic and environmental factors
that make siblings similar33,36-38 and controlling for mea-
sured covariates that vary within families. Finally, we con-
ducted several sensitivity analyses using various approaches38

to examine whether assumptions and limitations in the sib-
ling comparison design accounted for the results.

Methods
Study Design
After approval by the institutional review boards at Karolin-
ska Institutet and Indiana University to analyze the de-
identified data (for which informed consent was unneces-

sary), the data for this national cohort were obtained by linking
information available in the following population-based reg-
istries: (1) the Medical Birth Registry includes data on more than
99% of pregnancies in Sweden since 1973, (2) the Multi-
Generation Register contains information about biological re-
lationships for all individuals living in Sweden since 1933, (3)
the Migration Register supplies information on dates for mi-
gration in or out of Sweden, (4) the Cause of Death Register con-
tains information on dates and causes of all deaths since 1958,
(5) the Patient Registry provides diagnoses for all inpatient hos-
pital admissions since 1973 and outpatient care since 2001, (6)
the National Crime Register includes detailed information
about all criminal convictions since 1973, (7) the National School
Register includes grades in all subjects for all students at the
end of grade 9 since 1983, (8) the Education Register contains
information on highest level of completed formal education
through 2008, and (9) the Longitudinal Integration Database
for Health Insurance and Social Studies (LISA) contains yearly
assessments of income, marital status, social welfare status,
and educational level for all individuals aged 15 years or older
since 1990. More details on these and additional registries are
available from the authors on request.

The present study consisted of singleton offspring born in
Sweden between January 1, 1973, and December 31, 2008. Birth-
related data for 3 619 712 offspring were obtained from the
Swedish Medical Birth Registry. We sequentially removed mul-
tiple births (86 273), children with missing data on GA (8290),
those with a recorded GA less than 23 weeks (153) or more than
42 weeks and 6 days (41 440), missing maternal identifica-
tion numbers (4070), invalid or missing sex (2), invalid parity
(23), and those who emigrated from Sweden (178 753) during
this period. The resulting cohort of 3 300 708 offspring rep-
resents 91.2% of all recorded births to a total of 1 736 735 bio-
logical mothers. Most offspring had siblings in the data set
(2 665 666 [80.8%]); they were in families of mothers (1 101 693)
with more than one offspring. Sibling comparisons were made
among this subset of the population.

Measures
Gestational Age
The analyses used 2 different representations for GA. For the
ordinal representation, children were divided into 5 sub-
groups: (1) 23 weeks to 27 weeks 6 days, (2) 28 weeks to 30 weeks
6 days, (3) 31 weeks to 33 weeks 6 days, (4) 34 weeks to 36 weeks
6 days, and (5) 37 weeks to 42 weeks 6 days. These groupings
are consistent with those of previous studies.2 For continu-
ous assessment, we converted GA to a linear scale that was ref-
erenced at 40 weeks and ranged from –17.0 weeks (raw gesta-
tional age, 23 weeks) to +2.9 weeks (42 weeks 6 days).

Offspring Outcomes
Two mortality outcomes were created from the Cause of Death
Registry. Infant mortality indexed children who were born alive
but died before their first birthday. A separate right-censored
variable was used to index mortality after 1 year (up to age 36
years).

Six indices of psychiatric morbidity were modeled. Psy-
chotic or bipolar disorder (up to age 37 years) was measured
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as age at the first inpatient hospitalization for schizophrenia,
bipolar disorder, or other nonorganic psychotic disorders ac-
cording to International Classification of Diseases (ICD) Eighth,
Ninth, and Tenth Revisions (ICD-8, -9, and -10, respectively) cri-
teria, which are valid indices of these disorders.39 Autism and
ADHD were identified using inpatient and outpatient diagno-
ses according to ICD-9 and ICD-10 for individuals born be-
tween 1980 and 2001 (up to age 19 years). The diagnoses of
autism40 and ADHD41 have been validated. Age at first sui-
cide attempt (up to age 37 years) was identified using the ICD-8,
-9, and -10 codes for any primary or secondary diagnosis for
individuals aged 12 years or older in the Patient Registry.42 Sub-
stance use problem (up to age 37 years) was defined as first in-
patient hospitalization involving a primary or secondary di-
agnosis of alcohol or any other nonnicotine substance use
disorder for individuals aged 12 years or older.43 Criminality
was indexed by the age at the first occurrence of any criminal
conviction (from 15 years, the age of legal responsibility in Swe-
den, to 37 years).44,45 More details about the measurement of
psychiatric morbidity are available upon request.

Three indices of academic problems were included. Fail-
ing grades indexed poor school performance in grade 9 (when
the offspring were approximately aged 15 years), commensu-
rate with a mean failing grade across 16 academic subjects.46,47

Highest level of educational attainment was available in the
Education Register.48 Education of less than 10 years was an
index of low educational attainment. The higher education
group completed 3 or more years of postsecondary educa-
tion; only individuals born between 1973 and 1983 whose age
made it possible to achieve that level were included in the
analysis of higher education.

Three indices of social adversity were incorporated, which
included assessments of individuals up to age 38 years. First,
parenthood was indexed as age when they first became bio-
logical parents. Second, whether an individual was ever part-
nered was based on age at first civil or marital partnership using
information recorded in the LISA. Third, the social welfare ben-
efits variable was based on age at first receiving government
social welfare subsidies during the previous year in the LISA.

Covariates
Data on offspring sex, birth order, and year of birth were ob-
tained from the medical birth records. The measured mater-
nal and paternal covariates included were (1) age at the child’s
birth, (2) highest level of education completed in 2008, and (3)
lifetime history of any criminal conviction. Because of the cov-
erage of the Swedish registers, there were few missing data
(<1.2% of each covariate). To account for the missing values
in the covariates, we created dummy codes to compare indi-
viduals with missing values with the observations with low risk.

Statistical Analysis
We used Cox survival analyses for right-censored outcomes and
logistic regression analyses for dichotomous outcomes. We fit-
ted a series of models for each outcome. All models con-
trolled for offspring sex and birth order, and the logistic mod-
els also controlled for offspring year of birth. First, we used the
ordinal assessment of GA to provide estimates of increased risks

consistent with previous research. Second, we compared a lin-
ear and quadratic model using the continuous representation
of GA as a baseline model; model selection was based on the
Akaike information criterion fit statistic. We refer to this analy-
sis as the baseline model, which estimated the associations be-
tween GA and each outcome in the population. Third, we in-
cluded both offspring-specific (sex, birth order, and year of
birth, as well as maternal and paternal age at childbearing) and
parental covariates (maternal and paternal highest level of edu-
cation and history of criminal conviction) to account statisti-
cally for the measures; we refer to that analysis as the ad-
justed model. Fourth, we fit a fixed-effects model49 at the
maternal level that accounted for all factors that siblings share,
including all genetic and environmental factors that make sib-
lings similar,36,37 while controlling for offspring-specific co-
variates (we refer to the analysis as the fixed-effects model). The
final model, therefore, compared siblings born at different ges-
tational ages and statistically controlled for measured covar-
iates that varied among siblings. We also ran several sensitiv-
ity analyses to test assumptions in sibling comparison studies,
and we examined whether historical changes throughout the
study period altered our conclusions concerning infant
mortality.2

Results
The sample is presented in the Supplement (eTable) by differ-
ent GA categories and the number of cases for each outcome.
The eTable in the Supplement illustrates how the covariates
and outcome variables differed across the ordinal subgroups
of GA.

Mortality
The initial analyses, which used the ordinal assessment of GA
to provide estimates consistent with previous research, are pre-
sented in Figure 1 (all ordinal parameter estimates are avail-
able on request). There was a strong association between GA
and risk of infant mortality in the population. For example, off-
spring born at 23 to 27 weeks of gestation had much higher odds
of infant mortality (odds ratio [OR], 288.1; 95% CI, 271.7-
305.5) compared with offspring born at term. Offspring born
at 28 to 30 (OR, 72.8; 68.6-77.3), 31 to 33 (OR, 24.6; 23.3-26.1),
and 34 to 36 weeks (OR, 6.9; 6.6-7.2) of gestation also had higher
odds of mortality.

Figure 1 also summarizes the results from the continuous
analyses of GA in the baseline model, where we present the
results from either the linear or quadratic model of GA, de-
pending on which model fit the best based on fit indices (avail-
able on request). A quadratic model fit significantly better than
the linear model when predicting infant mortality. As can be
seen with the parameter estimates in the Table, the esti-
mated association from the baseline model was based on a qua-
dratic model (blinear, −0.363; P < .001; bquadratic, 0.004; P < .001).
The solid line closely follows the point estimates from the or-
dinal analyses when plotted in Figure 1, providing a similar in-
terpretation to the results from the ordinal analysis. The as-
sociation remained robust when controlling for covariates in
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the adjusted model (blinear, −0.346; P < .001; bquadratic, 0.004;
P < .001). Figure 1 illustrates how the adjusted model (the
dashed line) was comparable to the baseline model, suggest-
ing that the statistical covariates did not account for the asso-
ciation between GA and infant mortality.

Finally, the fixed-effect analyses are summarized in
Figure 1. Consistent with a causal effect, GA significantly
predicted infant mortality within differentially exposed
siblings across the entire range of GA while also controlling
for offspring-specific covariates (blinear, −0.211; P < .001;
bquadratic, 0.021; P < .001).

Similar to the results for infant mortality, there was a non-
linear association between GA and mortality after age 1 year
that was substantial in the population (eg, hazard ratio
[HR]GA: 23-27 weeks, 2.9; 95% CI, 2.0-4.1), albeit of smaller mag-
nitude than the association between GA and infant mortality.
As indicated in the Table and Figure 1, the association was not
attenuated in subsequent adjusted or fixed-effects models, in-
dicating that the association between GA and mortality after
1 year was also robust to all confounding factors shared by sib-
lings and the measured covariates. Offspring born very pre-
term and moderate to late preterm were also at increased risk
for early mortality.

Psychiatric Morbidity
The pattern of findings for psychiatric morbidity was domain
specific (Figure 2). In the baseline models, earlier GA was highly
associated with each increased risk of each psychiatric out-
come. For example, extreme preterm birth was associated with
psychotic or bipolar disorders (HRGA: 23-27 weeks, 3.2; 95% CI,
2.3-4.4), autism (HRGA: 23-27 weeks, 3.2; 2.6-4.0), and ADHD
(HRGA: 23-27 weeks, 2.3; 2.0-2.8 for ADHD diagnosis; commensu-

rate results using prescriptions as an index of ADHD, consis-
tent with those of a previous study,10 are available on re-
quest). When predicting psychotic or bipolar disorder, the
magnitude of the association with earlier GA was slightly at-
tenuated in the adjusted model, and the association was fur-
ther attenuated in the fixed-effects model, suggesting that con-
founding factors account for some, but not all, of the increased
risk with earlier GA. The adjusted and fixed-effects models for
autism and ADHD found that the associations with GA were
principally independent of the measured covariates and fa-
milial factors shared by siblings. A different pattern occurred
when predicting suicide attempts (Figure 2). Extremely pre-
term GA was associated with increased risk of suicide at-
tempts in the population (HRGA: 23-27 weeks, 1.7; 95% CI, 1.2-
2.4). The association was slightly attenuated but still robust
in the adjusted model. In contrast, the association between GA
and suicide attempts was completely attenuated when com-
paring differentially exposed siblings, suggesting that shared
familial confounding factors account for the statistical asso-
ciation in the population.

Early GA was associated with decreased risk for problem-
atic substance use (HRGA: 23-27 weeks, 0.5; 95% CI, 0.4-0.7) and
criminality (HRGA: 23-27 weeks, 0.7; 0.6-0.8) in the population
(Figure 2). These decreased associations remained robust to
the statistical controls and the comparison of siblings, sug-
gesting that GA had a specific relationship with lower odds of
substance use problems and criminality.

Academic Problems
The figures for academic problems are presented in the
Supplement (eFigure 1). Early GA was also associated with
multiple indicators of academic problems in the population,

Figure 1. Model Fitting Results for the Association Between Gestational Age and Offspring Mortality
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The bars indicate the results of the ordinal analyses for the baseline association
between gestational age and the indices of offspring mortality (the analyses did
not control for confounding factors). The bars represent the magnitude of
increased risk from being born earlier compared with offspring born at term,
with the 95% CIs represented by the error bars. The solid black line indicates
the association of the best-fit model (either the linear or quadratic model) for
the baseline model, considering gestational age as a continuous measure
(referenced at 40 weeks of gestation). The dashed line indicates the results of
the analyses that included measured covariates to account for confounding

factors. The dotted line indicates the results of the analyses that used
fixed-effects models that compared differentially exposed siblings and
controlled for statistical covariates. Therefore, the dotted line indicates the
increased risk associated with early gestational age when accounting for all
genetic and environmental factors that make siblings similar and the statistical
covariates that varied within families. The 95% confidence region of the
association between gestational age and each offspring outcome in the
fixed-effects model is shaded.
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including greater risk of failing grades (HRGA: 23-27 weeks, 2.0;
95% CI, 1.7-2.3), odds of completing less than 10 years of
education (HRGA: 23-27 weeks, 1.7; 1.5-2.0), and lower likelihood
of completing 3 or more years of postsecondary education
(HRGA: 23-27 weeks, 0.5; 0.4-0.6). When controlling for statistical
covariates in the adjusted model, the associations between
GA and each outcome were somewhat attenuated. In the
fixed-effects models, however, the magnitude of the asso-
ciations with GA was further reduced. The association
between early GA and failing school grades was attenuated
(compared with the adjusted model) but remained indepen-
dent of the confounding factors, especially in the lowest GA
range (additional results with IQ measured in males are
available on request). In contrast, the association with com-
pleted education (both risk of low level of educational
attainment and likelihood of completing advanced school-
ing) was greatly attenuated across the range of GA, with
associations remaining only at the very lowest gestational
ages, if at all. The results for highest level of completed edu-
cation, therefore, suggest that confounding factors shared
by siblings account for the association with GA.

Social Adversity
Early GA was strongly associated with social adversity, such as
decreased likelihood of parenthood (HRGA: 23-27 weeks, 0.7; 95%
CI, 0.6-0.9) and ever being married/in a registered partnership
(HRGA: 23-27 weeks, 0.2; 0.2-0.3) (Figure 3). Controlling for
measured covariates in the adjusted models and shared
familial confounding factors in the fixed-effects models did
not reduce these associations. These findings are in contrast
to those with receiving social welfare benefits. Earlier
GA predicted social welfare benefits in the population
(HRGA: 23-27 weeks, 1.3; 95% CI, 1.2-1.5). The magnitude of the
association was reduced in the adjusted model, and the
association was largely attenuated when controlling for sta-
tistical covariates and shared familial confounds in the
fixed-effects model (comparable results when predicting
income are available on request).

Sensitivity Analyses
The sibling comparison design includes many limitations
and assumptions that could influence the interpretation of
the results.33,36-38,50 To address concerns about the general-

Table. Comparison of the Unstandardized Linear and Quadratic Regression Coefficients for the Baseline, Adjusted, and Fixed-Effects Models

Outcome

Terms, b (SE)a

Baseline Model Adjusted Model Fixed-Effects Model

Linear Quadratic Linear Quadratic Linear Quadratic
Mortality

Infant mortalityb −0.3633 (0.0051) 0.0036 (0.0004) −0.3464 (0.0053) 0.0041 (0.0004) −0.2108 (0.0112) 0.0207 (0.0015)

Died after first yearc −0.0525 (0.0058) 0.0036 (0.0008) −0.0474 (0.0058) 0.0033 (0.0008) −0.0532 (0.0116) 0.0060 (0.0017)

Psychiatric morbidity

Psychotic or bipolar
disorderc

−0.0626 (0.0038) … −0.0531 (0.0038) … −0.0299 (0.0093) …

Autismc −0.0298 (0.0055) 0.0043 (0.0006) −0.0256 (0.0055) 0.0041 (0.0006) [−0.0017] (0.0123) 0.0058 (0.0015)

ADHD diagnosisc −0.0507 (0.0041) 0.0015 (0.0005) −0.0394 (0.0041) 0.0016 (0.0005) [−0.0101] (0.0100) 0.0031 (0.0012)

Suicide attemptc −0.0380 (0.0031) … −0.0263 (0.0031) … [0.0072] (0.0068) …

Substance use
problemc

−0.0358 (0.0034) −0.0040 (0.0006) −0.0249 (0.0034) −0.0046 (0.0006) [−0.0048] (0.0067) −0.0040 (0.0011)

Criminalityc 0.0026 (0.0011) … 0.0122 (0.0011) … 0.0216 (0.0024) …

Academic problems

Failing gradesb −0.0149 (0.0015) 0.0038 (0.0003) [−0.0008] (0.0016) 0.0035 (0.0003) 0.0129 (0.0035) 0.0027 (0.0006)

Educational
attainment <10 yb

0.0201 (0.0013) 0.0055 (0.0002) 0.0321 (0.0014) 0.0055 (0.0002) 0.0603 (0.0029) 0.0052 (0.0005)

Higher educational
attainmentb

−0.0044 (0.0017) −0.0061 (0.0004) −0.0095 (0.0018) −0.0043 (0.0004) −0.0065 (0.0047) −0.0005 (0.0009)

Social adversity

Parenthoodc −0.0272 (0.0010) −0.0043 (0.0002) −0.0284 (0.0010) −0.0049 (0.0002) −0.1558 (0.0325) −0.0187 (0.0058)

Ever partneredc −0.1694 (0.0017) −0.0301 (0.0004) −0.1736 (0.0017) −0.0304 (0.0004) −0.1617 (0.0045) −0.0275 (0.0009)

Social welfare
benefitsc

[−0.0001] (0.0012) 0.0039 (0.0002) 0.0054 (0.0012) 0.0026 (0.0002) 0.0115 (0.0027) 0.0015 (0.0005)

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; b, maximum
likelihood estimate of the unstandardized regression coefficient; ellipses, no
quadratic term was included in the model because the fit indices indicated that
a linear model was a better fit to the data.
a All bracketed coefficients have an estimated P value of >.05.
b Based on logistic regression models.
c Based on Cox survival models. All models were controlled for offspring sex and

birth order; the logistic models also were controlled for offspring year of birth.
The adjusted model included additional offspring-specific (maternal and
paternal age at childbearing) and parental covariates (maternal and paternal
highest level of educational attainment and history of criminal conviction).
The fixed-effects model included a fixed variance term at the maternal level
(shared by all siblings within a family) and statistically controlled for the
offspring-specific covariates.
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izability of findings from offspring with siblings to offspring
without siblings,25 we ran 3 sets of sensitivity analyses. First,
we compared the population estimates in families with mul-
tiple children with the estimates in families with 1 child
(available on request). The population estimates were not
lower in offspring with siblings (except for when predicting
criminality), which indicates that the lower fixed-effects
estimates (when they occurred) were not associated with
lower population estimates in the subset of data that
included offspring with siblings. Second, we ran the fixed-
effects analyses with the ordinal distribution of GA to test
whether misspecification of the shape of the models (eg, lin-

ear or quadratic) could account for the findings (available on
request). The sensitivity analysis relaxed the assumption
about the shape of the analytical models in families with
multiple children, because only these families can provide
information for the sibling comparison models. The results
of the ordinal analyses gave interpretations commensurate
with the models using continuous GA. Third, we conducted
cousin comparisons (Supplement [eAppendix and eFigure
2]) to address concerns about the generalizability of the find-
ings f rom differential ly exposed siblings to other
populations.50 The analyses provided a pattern of results
commensurate with those in the main analyses, which

Figure 2. Model Fitting Results for the Association Between Gestational Age and Psychiatric Morbidity
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The shaded bars indicate the results
of the ordinal analyses for the
baseline association between
gestational age and the indices of
offspring psychiatric morbidity (the
analyses did not control for
confounding factors). See Figure 1
caption for further explanation.
ADHD indicates attention-deficit/
hyperactivity disorder.
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strongly suggest that the sibling comparison conclusions do
not rely on idiosyncratic comparisons that do not generalize
to other populations.

We examined the possibility of exposure of one sibling
influencing the outcome of another (ie, carryover effects)25

by conducting 2 sets of analyses. First, we fit bidirectional,
case-crossover models51 (available on request), which
explored whether different patterns of early GA within fami-
lies (ie, either the first- or second-born offspring had lower
GA) moderated the sibling comparison results. The analyses
compared the sibling comparison estimates in families in
which the first child had an earlier GA with families in which
the second child had an earlier GA. The results were consis-
tent only with a carryover effect for one outcome variable:
low educational attainment. The bidirectional case-
crossover model fitting, however, suggested the opposite
pattern for 2 outcomes—infant mortality and psychotic and
bipolar disorders—although the effect sizes were large in
both types of sibling pairs. The results imply that the analy-
ses suggesting carryover effects of early GA for the first-born
sibling on the low educational attainment of the second-
born sibling may be a chance finding. To further test for the
possibility of carryover effects, we relied on the cousin com-
parison models (Supplement [eAppendix and eFigure 2]), in
which carryover effects are less of a concern. The cousin

comparisons again gave a pattern of results commensurate
with those in the main analyses. The sensitivity analyses,
therefore, do not support the hypothesis that carryover
effects account for the attenuation of the associations in the
sibling comparison models.

Sibling comparisons do not test for moderating factors.36

As such, we ran supplemental analyses (Supplement [eAppen-
dix]) to examine whether year of birth decreased the associa-
tion between GA and infant mortality, which has been re-
ported elsewhere.2 The analyses support the overall
conclusions regarding infant mortality. Finally, sibling com-
parisons are sensitive to measurement error.38,50 To begin to
address this concern, we removed observations with ex-
treme values for birth weight relative to GA52 because there may
be misclassifications.10 The results of the baseline and fixed-
effects models based on the subset of the data were commen-
surate with those presented in the main analyses (Supple-
ment [eAppendix]).

Discussion
This large population-based cohort study replicates previous
reports2,6-14: early GA is associated with increased risk of
early mortality and psychiatric, academic, and social prob-

Figure 3. Model Fitting Results for the Association Between Gestational Age and Social Adversity
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lems. Early GA also was associated with decreased likelihood
of criminality and substance use problems, consistent with
some but not all previous research.53 The present study used
a sibling comparison design and controlled for measured
covariates to examine the degree to which confounding fac-
tors account for the associations. Several of the statistical
associations (eg, with mortality during infancy and through
young adulthood, autism, ADHD, substance use problems,
criminality, parenthood, and ever partnered) were largely
independent of shared familial confounding factors and the
statistical covariates, consistent with a causal inference. The
findings support theories associated with the mediating role
of physical and immunologic immaturity,5 as well as prob-
lems with brain development,14,15 on subsequent mortality
and morbidity. In contrast, the associations between GA and
other outcomes were either greatly (eg, with psychotic or
bipolar disorder, grades, and educational attainment) or
completely (eg, with suicide and receiving social welfare
benefits) attenuated. The latter results, therefore, suggest
that confounding factors, such as environmental factors cor-
related with early GA,19,20 and not early GA in itself, account
for these statistical associations. The findings for grades,
educational attainment, suicide, and social welfare benefits
contradict the results of previous studies and meta-analyses
of the associations between GA and these outcomes2,8,11-14 as
well as the general conclusions in reviews of the field,4,5

although no previous studies of these outcomes used a
quasi-experimental approach.

The present study provides critical insight into the con-
sequences associated with early GA because of 6 key ad-
vances. First and foremost, the study combined design fea-
tures to rule out all confounding factors shared by
siblings30,34-36 with statistical controls to rule out plausible al-
ternative hypotheses for the observed associations. To our
knowledge, this is one of the first studies of GA to use a quasi-
experimental design, which is essential for drawing stronger
causal inferences.22,23 The statistical associations between GA
and many outcomes (eg, receiving social welfare benefits) were
attenuated only in the fixed-effects models, which highlights
the limitations of relying solely on statistical covariates to con-
trol for confounding factors. Second, the study explicitly tested
several assumptions about sibling comparison studies, includ-
ing the generalizability from offspring with siblings to off-
spring without siblings, the generalizability of findings from
differentially exposed siblings to other populations, and the
possibility of carryover effects from one sibling to another.25

The sensitivity analyses suggest that these alternative expla-
nations do not account for the general conclusions, which fur-
ther strengthen the inferences we were able to draw. How-
ever, additional quasi-experimental research, relying on
methods with different assumptions and limitations, and re-
search in other populations is necessary to strengthen causal
inferences.22,23

Third, this is the largest epidemiologic study to date of GA,
providing a comprehensive view from an entire country. The
sample size and measurement allowed us to more precisely es-
timate the risks for rare outcomes that were difficult to pre-
dict in previous research (eg, autism7). Fourth, the analyses ex-

plored associations with the continuum of GA. Therefore, the
study sheds light on extremely preterm and very preterm births
in addition to moderate and late preterm births.

Fifth, the inclusion of multiple valid indices of morbidity
in the present study allowed us the opportunity to find con-
verging evidence—commensurate results were found when
using different indices of key constructs. For example, we ob-
tained the same results when predicting ADHD diagnosis and
when predicting prescriptions for treating ADHD; we likewise
found comparable results when predicting school grades and
IQ. In addition, we obtained the same pattern when predicting
both low and high income as when predicting social welfare ben-
efits. As such, the results do not appear to be dependent on single
observations or indices of important constructs.

Sixth, predicting multiple domains of functioning with
valid indices of morbidity allowed us to explore the specific-
ity of the predictions and underlying etiologic mechanisms as-
sociated with early GA. As such, the present study provides
novel insight because the mechanisms responsible for the as-
sociations with early GA are outcome specific. In particular,
researchers need to explore risk factors shared by siblings that
account for the statistical association between early GA and
suicide attempts, educational outcomes, and the need for so-
cial welfare benefits.

The present study also has several limitations. The find-
ings need to be replicated to examine whether the results from
a country with universal health care coverage and the quality
of prenatal care in Sweden generalize to other countries. Quasi-
experimental studies are not randomized studies and, there-
fore, cannot rule out all confounding factors. The sibling com-
parison design does not account for offspring-specific genetic
factors that could influence GA.36 Twin and family quantita-
tive genetic studies,21,22,54,55 including in this cohort,23 have
indicated that fetal-specific genetic factors do not account for
much variability in GA, although recent research56 suggests that
such genetic factors may play a larger role than previous esti-
mates. We controlled for offspring-specific covariates, but as
is true of all human studies of GA,2 the present study cannot
rule out the possibility that medical problems could cause pre-
term birth and the offspring outcomes.36 Nevertheless, the re-
sults suggest that risks specifically associated with early GA
influence subsequent mortality and morbidity. The present
study also may have misestimated the magnitude of some as-
sociations because the measurement of GA can misclassify
some offspring.1 Sibling and cousin comparisons are sensi-
tive to random measurement error and bias from confound-
ers shared by siblings that are unrelated to the outcomes.38,50

In addition, fixed-effects models have lower statistical power
than do population-based estimates,49 but our use of a con-
tinuous index of GA helped us to more precisely estimate the
associations.

The present study, one of the first quasi-experimental stud-
ies of GA, stresses the importance of prevention efforts aimed
at reducing preterm birth as well as wraparound services that
target familial risks that occur with preterm birth. The find-
ings should inform etiologic theory, risk assessment, and fol-
low-up practices to prevent adverse outcomes associated with
preterm birth.
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