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Abstract

Risk of death during the first year of life due to external causes, such as unintentional injury and
homicide, may be higher among twins and higher-order multiples than among singletons in the
United States. We used national birth cohort linked birth—infant death data (2000-2010) to
evaluate the risk of infant mortality due to external causes in multiples versus singletons in the
United States. Risk of death from external causes during the study period was 3.6 per 10,000 live
births in singletons and 5.1 per 10,000 live births in multiples. Using log-binomial regression, the
corresponding unadjusted risk ratio was 1.40 (95% confidence interval (Cl): 1.30,1.50). After
adjustment for maternal age, marital status, race/ethnicity, and education, the risk ratio was 1.68
(95% CI: 1.56, 1.81). Infant deaths due to external causes were most likely to occur between 2 and
7 months of age. Applying inverse probability weighting and assuming a hypothetical intervention
where no infants were low birth weight, the adjusted controlled direct effect of plurality on infant
mortality due to external causes was 1.64 (95% ClI: 1.39, 1.97). Twins and higher-order multiples
were at greater risk of infant mortality due to external causes, particularly between 2 and 7 months
of age, and this risk appeared to be mediated largely by factors other than low-birth-weight status.
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In the United States, twins and higher-order multiples are 5 times more likely than
singletons to die within their first year of life (1). While the majority of infant mortality is
due to pathological causes determined from factors known at birth (e.g., congenital
anomalies, prematurity, low birth weight, and other complications of pregnancy),

approximately 5% of infant mortality in the United States is due to external factors, such as
unintentional injury and assault. It is unknown whether twins and higher-order multiples are
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at greater risk of infant mortality from external causes. However, caring for multiple infants
might lead to decreased parental attention per child (2); having multiples can increase
parental anxiety, stress, and depression (3, 4), particularly during the first year of life (3, 5,
6); and multiples have been found to be at higher risk of child maltreatment than singletons
(7-10).

Investigation into the increased risk of death from specific preventable causes among
multiples is increasingly of public health interest, as rates of twin and higher-order multiple
birth have risen more than 75% over the past 3 decades (11, 12), largely attributed to the
increased use of reproductive technologies and to older maternal age (13). Twins and higher-
order multiples now account for 3.5% of all US births (12). In a previous study, Luke and
Brown (14) described the maternal characteristics associated with potential maltreatment
infant deaths among singletons and twins, separately, for US births occurring during 1995—
2000. While this analysis suggested a higher risk of death due to external causes among
twins compared with singletons, it included only full-term, nonanomalous, and hon—low-
birth-weight singletons or sets of twins, the latter of which comprised only 10% of all
multiple births. Because this study was limited to infants with healthy birth characteristics,
little is known about the risk due to external causes when comparing singletons with
multiples overall and the contribution of adverse birth characteristics to this risk.

Our objective in the current analysis was to evaluate the risk of infant mortality due to
external causes in multiples compared with singletons in the United States using the most
recent decade of linked birth—infant death data available. Low birth weight has been
associated with increased risk of injury-related infant death (15, 16), and multiples are more
often low birth weight than singletons (12); therefore, a secondary objective of our analysis
was to estimate the extent to which the effect of plurality on external causes of death is
mediated outside of low-birth-weight status.

METHODS

Data were from the US 2000-2010 birth cohort linked birth—infant death vital statistics files
released by the National Center for Health Statistics (NCHS) (17). These files include all US
births occurring in a given year, linked with death certificate data if the infant died before
his/her first birthday and both birth and death occurred within the 50 states or the District of
Columbia. On average, 99% of infant death certificates were linked to their corresponding
birth certificates each year. Record weights are included in the linked files to account for
unlinked infant deaths; these weights upweight the infant deaths slightly but do not re-
weight the births that do not result in infant death (17).

Birth certificate variables

Data on maternal and infant characteristics were obtained from the birth certificate. During
2000-2010, states were transitioning from the 1989 birth certificate to the 2003 revised birth
certificate. Most of the items included in our analysis were collected in a similar or identical
fashion on both versions of the birth certificate; the items which were not are described
below.
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Maternal characteristics, information on which the NCHS recommends be collected from
the mother directly, included maternal age, race/ethnicity, marital status, education, and
smoking during pregnancy (18). Maternal educational attainment at the time of delivery was
recorded on the 1989 birth certificate as the highest grade completed (0—=17 years of
education); in 2003, it was recorded as the highest degree or level completed (<8th grade to
doctorate). For our analysis, we collapsed highest grade completed from the 1989 birth
certificate to 3 educational attainment categories (<12 years, 12-15 years, or =16 years), to
approximately correspond with collapsed categories from the 2003 birth certificate data (less
than high school, high school, bachelor’s degree or higher). Information on smoking during
pregnancy was also collected differently on the 2 versions of the birth certificate. In 1989,
there was an item on “tobacco use during pregnancy” (yes/no); in 2003, the number of
cigarettes smoked per day was assessed by trimester, and a recoded variable for any cigarette
use during pregnancy (yes/no) was calculated by the NCHS Division of Vital Statistics.
Either any tobacco use or any cigarettes smoked during pregnancy was used to define
smoking during pregnancy.

Infant characteristics, information on which the NCHS recommends be collected from the
medical record, included plurality of birth, infant sex, birth weight, and gestational age at
birth. Multiples included twins, triplets, and higher-order multiples. If a live birth was from a
pregnancy that resulted in the delivery of 1 or more other fetuses, alive or dead, the live birth
was identified as a multiple birth even if there were not multiple liveborn children (18);
however, a live birth from a multifetal gestation resulting in the delivery of a single fetus
(e.g., a “vanishing twin”) was not identified as a multiple birth. Infants who were part of a
multiple set were not linked; no identifier is available from the NCHS Division of Vital
Statistics for linking twins or multiple sets. Low birth weight was defined as <2,500 g (5
pounds and 8 ounces). Information on gestational age at birth was 1) calculated using the
date on which the last normal menses began; 2) the clinical (“obstetric”) estimate, when the
date on which last normal menses began was missing or was inconsistent with birth weight;
or 3) imputed based on procedures described elsewhere (17, 19). Preterm birth was defined
as a gestational age of <37 completed weeks.

Death certificate variables

Infant deaths due to external causes usually undergo a medicolegal death investigation (20).
During 2003-2010, of the 94% of infant deaths due to external causes for which autopsy
status was known, approximately 93% included an autopsy as part of the investigation
(autopsy status was not captured for the 2000-2002 mortality data). Underlying and
contributing causes of death were recorded on the death certificate by a medical examiner,
coroner, or physician (21), and these open text fields were coded by mortality medical
coders according to the International Classification of Diseases, Tenth Revision (ICD-10),
using procedures outlined in instruction manuals provide by the NCHS (22) with the
assistance of automating software (23). Age at the time of death was calculated as the
difference, in days, between the dates of birth and death.

Infant mortality due to external causes was defined as ICD-10 underlying-cause-of-death
codes *U01 and VV01-Y84. External causes of death included accidents (unintentional
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injuries; ICD-10 codes V01-X59), assault (homicide; ICD-10 codes *U01 and X85-Y09),
complications of medical and surgical care (ICD-10 codes Y40-Y84), and other external
causes (ICD-10 codes Y10-Y36). Because the classification of sudden unexpected infant
death (SUID) includes an external cause code (accidental suffocation and strangulation in
bed; ICD-10 code W75) (24, 25) and SUID has been categorized alongside external causes
of death in previous analyses of “preventable-cause” or “potential mal-treatment” mortality
(14, 26), we considered 3 alternative classifications of infant mortality due to external
causes: external causes excluding accidental suffocation and strangulation in bed (ICD-10
codes *U01, V01-W74, and W76-Y84); external causes plus SUID (which, in addition to
code W75, includes 2 pathological causes of death: sudden infant death syndrome (code
R95) and other ill-defined and unspecified causes of mortality (code R99) (27)) (ICD-10
codes *U01, V01-Y84, R95, and R99); and SUID alone (ICD-10 codes W75, R95, and
R99).

Statistical analysis

Pearson XZ tests were used to test for independence in categorical data within plurality and
between singletons and multiples for selected characteristics. We fitted log-binomial models
to estimate the (total effect) risk ratio for infant death due to external causes in multiples
compared with singletons, pooling data across 2000-2010 to stabilize estimates. We used a
causal diagram (Figure 1) to select confounders from available birth certificate variables for
inclusion as covariates in these models (14, 16, 28, 29) (see Web Tables 1 and 2, available at
http://aje.oxfordjournals.org/, for associations in our data). We did not include birth weight
or gestational age as a confounder because we hypothesized that these factors might lie
along the causal pathway(s) between multifetal gestation and infant death from external
causes. The denominator for all analyses was total number of live births, which included
infants who did not die during their first year of life and infant deaths due to pathological
causes, as all liveborn infants were at risk for death due to external causes. In the regression
models, applying the record weights resulted in estimates nearly identical to those from the
unweighted analysis. Thus, we present unweighted results to preserve the correct number of
births per year; however, for tabular display of infant death counts and percentages, we used
the record weights to be consistent with other national publications on infant mortality.

We constructed curves showing the cumulative and smoothed instantaneous hazard functions
for death due to external causes in multiples versus singletons over the first year of life using
the Kaplan-Meier survival function estimator. Infants who died from pathological causes
were censored at their age at death (in days), and surviving infants were censored at day 366.
Although deaths due to pathological causes were a competing risk for deaths due to external
causes, either outcome was so rare (<3%) that handling these deaths as censored
observations provided reasonable approximations of the risk (30). Based on the curves
generated, we performed an adhoc analysis restricting the data set to the ages at which we
observed the greatest relative difference between multiples and singletons.

Mediation analysis

In order to investigate the mediating role of birth weight in the relationship between plurality
and infant mortality due to external causes, we applied marginal structural models with

Am J Epidemiol. Author manuscript; available in PMC 2019 August 20.


http://aje.oxfordjournals.org/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ahrens et al.

Page 5

stabilized inverse probability weights (31, 32). We chose marginal structural modeling over
other types of mediation analytical methods because we identified gestational age as both an
effect of our exposure (plurality) and a confounder of the low birth weight-infant death
relationship (see Figure 1). We estimated the controlled direct effect of plurality on infant
death due to external causes, assuming a hypothetical scenario in which all birth weights
were >2,500 g. We used logistic regression for both the exposure and the mediator weight
models. The denominator model for the exposure probability weights included maternal age,
race, educational attainment, marital status, sex of the infant, and smoking during
pregnancy; the numerator model included no explanatory variables. The denominator model
for the mediator probability weights included the maternal and infant factors mentioned
above, the exposure (plurality), and an exposure-affected confounder of the relationship
between the mediator and infant mortality due to external causes (gestational age of the
infant at birth); the numerator model included only the exposure variable (plurality). Inverse
probability weights were calculated as the product of the inverse-probability-of-exposure
weight and the inverse-probability-of-mediator weight for each observation; weights were
then truncated at the first and 99th percentiles (33). The final weighted marginal structural
model used log-binomial regression and included an interaction term for the interaction
between plurality and low birth weight, because we observed a significant negative
interaction between plurality and low birth weight on both the additive and multiplicative
scales (see Web Figure 1). Interpretation of the controlled direct effect as a hypothetical
intervention resulting in all infants” weighing =2,500 g at birth assumed no unmeasured
confounding and correct model specification. Confidence intervals were estimated using
bootstrapping with 1,000 resamples.

Subgroup analysis

RESULTS

In order to evaluate the effect of combining information on maternal education and smoking
during pregnancy from the 2 versions of the birth certificate in use during the study period,
we stratified the analysis for external causes of death according to version of the birth
certificate. We also stratified the analysis by maternal characteristics and year of birth to
examine associations in these subgroups. The risk ratios from subgroups were then
compared with the results from the main analysis, and subgroups with risk ratios higher than
those seen overall were identified.

During 2000-2010, there were approximately 45.4 million infants born to residents of the
United States; 96.7% (= 43,888,248) were singletons and 3.3% (7= 1,518,767) were
twins, triplets, or higher-order multiples (Table 1). Mothers of multiples were more likely to
be older, non-Hispanic white, and married, more likely to have a bachelor’s degree or higher,
and less likely to have smoked during pregnancy compared with mothers of singletons
(Table 1; see Web Tables 1 and 2 for maternal education and smoking data based on
combined information from birth certificate revisions). Multiples were more likely than
singletons to be born preterm (60% of multiples vs. 11% of singletons) and low birth weight
(58% vs. 6%).
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Overall, 303,936 infants (approximately 27,630 per year) died during their first year of life,
which translates to 67 deaths per 10,000 live births (Table 2). On average, 3.6 per 10,000
singleton infants died from external causes during their first year of life; for multiples, the
corresponding average risk was 5.1 per 10,000. However, the percentage of infant deaths
from external causes was lower among multiples(1.7%) than among singletons (6.1%) due
to the number of overall deaths among multiples being greater and a larger proportion of
multiple deaths being attributed to pathological causes. For both singletons and multiples,
characteristics associated with higher risk of infant death due to external causes were young
maternal age, non-Hispanic black maternal race, unmarried maternal marital status, lower
maternal educational attainment, smoking during pregnancy, earlier gestational week at
birth, low birth weight, and male infant sex (Web Tables 1 and 2).

The majority of infant mortality due to external causes occurred during the postneonatal
period (28-365 days of age) for both singletons and multiples (89% and 92%, respectively;
XZ P=0.03) (Table 3). Overall, the most common manners of death were unintentional
injuries (72%) and homicide (21%); the distribution of manner of death did not differ
between singletons and multiples (XZ P=0.10). The greatest risk of death due to external
causes and the greatest relative difference in risk between multiples and singletons occurred
at approximately 2—7 months of life (Figure 2).

The unadjusted risk ratio for death due to external causes in multiples compared with
singletons was 1.40 (95% confidence interval (Cl): 1.30, 1.50) (Table 4). Adjustment for
maternal factors increased this association (adjusted risk ratio (RR) =1.68, 95% CI: 1.56,
1.81), as did restricting the analysis to ages 2—7 months (adjusted RR = 2.11, 95% ClI: 1.92,
2.32). Overall, a similar association was estimated for external causes of death excluding
accidental suffocation and strangulation in bed. Risk ratios were higher when SUID was
combined with external cause of death or solely defined the cause of death, and were
similarly increased after adjustment.

Assuming correct specification of our model and no un-measured confounding, the
estimated adjusted controlled direct effect of plurality on infant death due to external causes
under a hypothetical intervention in which all infants weighed =2,500 g at birth was 1.64
(95% ClI: 1.39, 1.97). This estimate was similar to our overall total effect estimate, indicating
that the effect of plurality on death due to external causes may be largely mediated by
factors outside of low-birth-weight status. We found a somewhat different result when we
combined SUID with external causes of death or when SUID solely defined the cause of
death. For those outcomes, the controlled direct effect was 15%—-20% lower than the
estimated total effect, indicating that some of the association of plurality with infant death
due to external causes and/or SUID was mediated through low birth weight.

Subgroup analyses revealed higher adjusted risk ratios for infant mortality due to external
causes than overall for maternal age <25 years, non-Hispanic black maternal race, unmarried
maternal marital status, maternal educational attainment of less than a bachelor’s degree, the
2003 version of the birth certificate, and birth years 2003-2007 (Web Table 3).
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DISCUSSION

Multiples had a 40% higher risk of death due to unintentional injuries, assault, and other
external causes within the first year of life than did singletons in the United States during
2000-2010. After accounting for sociodemographic differences, the risk was 68% higher in
multiples than in singletons. The greatest differences in risk occurred at approximately 2—7
months of age, where multiples were more than twice as likely to die from external causes as
were singletons. Inclusion of sudden infant death syndrome and unknown cause of death,
components of SUID that are not classified as external causes of death, resulted in slightly
higher risk ratio estimates, which similarly increased upon adjustment. Most (>95%) of the
increased risk among multiples appeared to be mediated through mechanisms operating
outside of low birth weight. Because plurality of birth is not a routinely collected
demographic variable and multiples are a relatively small population, infant mortality data
provide one of the few nationally representative data sets available for examining the
association between plurality and risk of intentional and unintentional injuries in the United
States.

Our results are in agreement with those of a previous analysis of linked infant births and
deaths in the United States during 1995-2000, showing that twins had a higher risk of infant
mortality due to potential maltreatment than did singletons (14); however, investigators in
that study excluded 90% of twins and did not examine all unintentional injury deaths or
focus on the comparison of multiples with singletons. Further, analysis of the mediating
effect of low birth weight was not possible because low-birth-weight infants were excluded.
To the extent that our findings reflect infant death due to intentional injury, our results are
consistent with previous studies which found that twins (or twin families) were at 2-20
times’ higher risk of abuse than singletons in the United States and in Japan (7-10).

Our finding that the increased risk of infant mortality due to external causes in multiples
appears to be primarily mediated by factors other than birth weight is novel. Direct effects of
plurality on infant mortality due to external causes could include increased stress levels and
divided parental attention as parents care for more than one infant at a time. As family size
increases, parental attention per child diminishes (2)—twins could represent an extreme
form of family growth. In addition, parents of twins experience more anxiety, stress, and
depression in the children’s first year of life than do parents of singletons (3, 4).

Our study was not without limitations. Potential misclassification of pathological causes of
death as external causes of death could have occurred. If this type of misclassification was
more common among multiples than among singletons, this could account for our observed
findings. However, validation studies comparing vital records with databases of child deaths
due to maltreatment have found that misclassification tends to operate in the other direction
(i.e., external causes of death are more often misclassified as pathological causes (34-37)),
and there is no evidence that misclassification differs by plurality. Combining information
on maternal education and smoking during pregnancy from 2 different versions of the birth
certificate could have led to residual confounding; however, only a modest difference in the
association between plurality and infant death due to external causes was observed after
stratification by birth certificate version (1989 version: adjusted RR = 1.67; 2003 version:

Am J Epidemiol. Author manuscript; available in PMC 2019 August 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ahrens et al. Page 8

adjusted RR = 1.70). While additional residual confounding due to unmeasured factors
could have accounted for our observed associations, adjustment for maternal factors
increased our risk ratio estimates, suggesting that inclusion of additional sociodemo-graphic
factors may not have attenuated our findings. In addition, we were unable to examine
heterogeneity of effect estimates by type of plurality, as the number of deaths due to external
causes in triplets or higher-order multiples was too small for stable estimates (there were 22
deaths among 74,920 triplets and higher-order multiples during 2000-2010). Finally, we
used low birth weight as a mediator because it had previously been identified as a risk factor
for injury-related infant mortality; another mediator, such as small size for gestational age,
might have led to different findings.

There were several strengths of our analysis. First, linked birth—infant death data may
represent the only way to assess the increased risk of death due to external causes in
multiples on a national level in the United States because plurality is not included in national
mortality data. In terms of national data on nonfatal injuries, plurality is not a demographic
variable on which information is routinely collected (38, 39). Second, we external causes
even under an assumed scenario in which there were no low-birth-weight births. This is a
novel contribution to our understanding of the causes of and possible prevention measures
for infant deaths due to, primarily, homicide and unintentional injury.

Our data suggest that multiples are at higher risk of potentially preventable death compared
with singletons during their first year of life. Importantly, because only 2%—-3% of injuries
requiring medical care among infants and children are estimated to result in fatality (40, 41),
it remains unknown whether multiples are at increased risk of nonfatal injuries across
infancy and childhood at the national level. With the large increase in the multiple birth rate
over the past 3 decades (11, 12), further examination of the higher risk of both nonfatal
injuries and death due to external causes in multiples across childhood could help inform
injury prevention efforts (42, 43).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Low Birth Infant Death
Weight due to an

External
Cause
Figure 1.

Hypothesized relationships between plurality of birth, low birth weight, and infant death due
to external causes. A direct effect of plurality on infant death due to external causes is
represented by the dashed-line arc between plurality and infant death. The dotted-line arc
between plurality and a time-dependent con founder (L) highlights L as a confounding
variable (C) that is also affected by exposure. C = maternal age, race, marital status, and
educational attainment; C, = smoking during pregnancy; Cz = sex of infant; L = gestational
age of infant at birth.
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Figure2.
Cumulative (A) and smoothed instantaneous (B) hazard functions and 95% confidence

intervals for infant mortality due to external causes within the first year life among multiples
and singletons, United States, 2000-2010. The solid black line represents multiples (95%
confidence intervals are shown with long-dashed lines); the solid gray line represents
singletons (95% confidence intervals are shown with short-dashed lines).
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