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BACKGROUND AND OBJECTIVES: Prematurity, a strong risk factor for sudden unexpected infant

death (SUID), was addressed in recommendations by the American Academy of Pediatrics
in 2011 for safe sleep education in NICUs. We documented associations between gestational
age (GA) and SUID subsequent to these guidelines.

abstract

METHODS: Using the 2012–2013 US linked infant birth and death certificate period files,

we documented rates per live births of sudden infant death syndrome, ill-defined and
unspecified causes, accidental suffocation and strangulation in bed, and overall SUID by GA
in postneonatal, out-of-hospital, and autopsied cases; compared survivors and cases; and
estimated logistic regression models of associations between GA and SUID.

RESULTS: SUID cases were more likely than survivors to be <37 weeks’ GA (22.61% vs 10.79%;

P < .0001). SUID rates were 2.68, 1.94, 1.46, 1.16, 0.73, and 0.51 per 1000 live births for 24
to 27, 28 to 31, 32 to 33, 34 to 36, 37 to 38, and 39 to 42 weeks’ GA, respectively. Logistic
regression models additionally indicated declines in the risk for SUID as GA increased.
Prenatal smoking, inadequate prenatal care, and demographics associated with poverty
were strongly associated with SUID.

CONCLUSIONS: Despite the 2011 American Academy of Pediatrics recommendations for

increased safe sleep education in the NICUs, SUID rates were inversely associated with
GA in 2012 to 2013, suggesting that risk of SUID associated with prematurity has multiple
etiologies requiring continued investigation, including biological vulnerabilities and
the efficacy of NICU education programs, and that strategies to reduce SUID should be
multifaceted.
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What’s Known on This Subject: Recognizing
that prematurity is a major risk factor for sudden
unexpected infant death, the American Academy
of Pediatrics enhanced its recommendations for
providing safe infant sleep education to parents of
infants in NICUs in 2011.
What This Study Adds: The inverse relationship
between sudden unexpected infant death rates
and gestational age despite the American Academy
of Pediatrics recommendations for safe sleep
education in NICUs, calls for additional examination
of intrinsic risk factors and the efficacy of education
programs.
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The rate of sudden infant death
syndrome (SIDS) in the United States
declined from 1.20 per 1000 live
births in 1992, the year the American
Academy of Pediatrics (AAP) first
issued its recommendation for supine
sleep, to 0.51 in 2010, the year
preceding its 2011 recommendations
addressing SIDS and other sleeprelated infant deaths.1,2 Declines
occurred across all gestational age
(GA) groups, with 44.8%, 25.8%,
20.0%, 19.6%, and 30.8% reductions
in rates for infants with GAs of 28
to 31, 32 to 33, 34 to 36, 37 to 38,
and 39 to 40 weeks, respectively,
between 1999 and 2010.2,3 However,
SIDS remained inversely associated
with GA; for example, the rate in
2010 was 1.39 per 1000 for infants
born at 28 to 31 weeks compared
with 0.36 for term infants. The
elevated risk associated with younger
GA has been attributed to physiologic,
social, and environmental factors.4,5
For example, some studies have
found that preterm infants are more
likely to be placed prone and to bedshare, which are major risk factors
for SIDS,6,7 and that the combination
of prematurity and environmental
conditions multiplies the risk.8

Along with SIDS, other sleep-related
infant deaths categorized as illdefined and unspecified causes of
mortality (IUCM) and accidental
suffocation and strangulation in bed
(ASSB) comprise a broad category
termed sudden unexpected infant
deaths (SUID).4,9 Variations in the
application of these diagnoses have
generated a diagnostic shift, which
is reflected in a decline in SIDS
alongside an increase in other sleeprelated deaths, making it important
to consider the full grouping of SUID.9
Similarities in risk factors across
causes have also led to the inclusion
of the broader grouping in research
studies.4,10 SUID is now among the
health indicators tracked for Healthy
People 2020.9,10

We sought to determine the
association between GA and SUID in
2

FIGURE 1

Sample inclusion/exclusion flowchart.

US births subsequent to the 2011 Safe
Infant Sleep Guidelines of the AAP,
which provided recommendations to
help NICUs educate parents, model
safe sleep guidelines, and develop
supportive policies.4

Methods
Linked US infant birth and death
certificate period files for 2012 and
2013 were downloaded from the
National Center for Health Statistics
Web site.11 Data for the 7 907 113
births from this period were pooled.
The sample was limited to births with
GAs of 24 to 42 completed weeks
and birth weights of 400 to 6000 g,
reducing the births for analysis to
7 654 494. Exclusion of births to
mothers in an “other” race category
additionally reduced the sample to

7 081 763. Of the 29 299 recorded
deaths in this sample, 46.4% were
postneonatal (>27 days of age); 29.8%
were outside of a hospital; and 43.2%
received autopsies. Of the 6447 deaths
that met all conditions (postneonatal,
outside of a hospital, and autopsied),
1789 were attributed to causes
other than SUID and excluded,
additionally reducing available cases
to 7 057 122 births consisting of
7 052 464 survivors and 4658 SUIDattributed deaths. Figure 1 presents
an inclusion/exclusion flowchart.
SUIDs were defined based on
International Classification of
Diseases, Tenth Revision (ICD-10)
codes as R95 (SIDS), R99 (IUCM),
and W75 (ASSB) in keeping with the
criteria for Healthy People 2020. GA
was categorized as 24 to 27, 28 to 31,
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32 to 33, 34 to 36, 37 to 38, and 39 to
42 weeks.2

The analysis included maternal
demographic, obstetric, and
behavioral characteristics commonly
associated with SIDS and other sleeprelated infant deaths. Demographic
characteristics included race/
ethnicity, marital status, age, and
education. Obstetric characteristics
included gravida, delivery mode,
sex, and multiple birth. Behavioral
characteristics included prenatal
cigarette smoking and prenatal care
use measured by the Adequacy of
Prenatal Care Utilization (APNCU)
Index, addressing both the timing
of care initiation and the number
of visits compared with what is
recommended for an infant’s GA,
according to the American College of
Obstetrics and Gynecology.12

Records with complete information
on all analysis variables were used
in the main analyses, resulting in an
analytic sample of 5 681 596 births
(Fig 1). However, in supplementary
analyses, we used multiple
imputation on a random sample of
20% of the 7 057 122 cases, which
allowed us to include cases with
missing data on analysis variables
other than the outcome and to assess
the sensitivity of our estimates.

First, we documented rates per
live births of SIDS, IUCM, ASSB,
and overall SUID deaths by GA,
along with statistical comparisons
of death rates between each GA
category and full-term births within
SUID and each of its subtypes. Next,
we compared characteristics of
survivors, SUID cases, and SUID
subcategories by using χ2 tests for
statistical significance. Then, we
estimated logistic regression models
of associations between SUID and GA.
The first model was unadjusted. The
second controlled for demographic
and obstetric characteristics.
The third added behavioral
characteristics. Stata version 13.0
statistical software (Stata Corp,
College Station, TX) was used to

TABLE 1 Postneonatal Out-of-Hospital Deaths That Received Autopsy by GA and Cause of Death, United
States, 2012 to 2013
GA, wk

Survivors

SIDS (ICD-10: 95)

IUCM (ICD-10: R99)

ASSB (ICD-10: W75)

SUID

24–27
28–31
32–33
34–36
37–38
39–42

30 096
85 324
107 717
587 500
1 803 062
4 438 765

31 (1.03)a
90 (1.05)a
80 (0.74)a
317 (0.54)a
660 (0.37)a
1159 (0.26)

32 (1.06)a
47 (0.55)a
44 (0.41)a
210 (0.36)a
373 (0.21)a
562 (0.13)

18 (0.60)a
29 (0.34)a
34 (0.32)a
158 (0.27)a
288 (0.16)a
526 (0.12)

81 (2.68)a
166 (1.94)a
158 (1.46)a
685 (1.16)a
1321 (0.73)a
2247 (0.51)

Data not in parentheses are counts; data in parentheses are rates per 1000 live births.
a Within cause of death, P < .000 for comparison with 39 to 42 weeks’ GA by using 2 sample tests comparing proportions.

conduct all analyses. This study met
institutional review board standards
for exempt review.

Results

Of the 7 057 122 births meeting
the basic inclusion criteria, 4658
had an out-of-hospital, autopsied,
postneonatal death attributed to
SUID. Of these, 2337 (50%) were
coded as SIDS, 1268 (27%) as IUCM,
and 1053 (23%) as ASSB. The overall
rate of death from SUID was 0.66 per
1000 live births; the rates for SIDS,
IUCM, and ASSB were 0.33, 0.18, and
0.15, respectively (Table 1). For each
cause-of-death category and for the
combined category of SUID, the rate
of death was inversely associated
with GA. Within each cause-of-death
category, the death rate for each GA
category was significantly higher
than that for term births (P < .001).

The mean postnatal age of death in
days was 110.2 for SIDS, 113.0 for
IUCM, 112.1 for ASSB, and 111.4 for
SUID. Rounded to whole weeks, the
corresponding means were 15.7,
16.1, 16.0, and 15.9, respectively.
The mean postconceptional age of
death, which could be calculated
only in whole weeks because GA was
available only in weeks, was 53.3 for
SIDS, 53.6 for IUCM, 53.8 for ASSB,
and 53.6 weeks for the overall SUID
category. Postnatal age of death for
SUID and its categories decreased and
postconceptional age increased with
increasing GA (Supplemental Table 4).
 able 2 compares GA and other
T
characteristics of surviving infants
with those of SUID cases. In addition

to having a higher overall percentage
of preterm births compared with
survivors (22.6% vs 10.8%), with
a nearly fourfold greater difference
in the 24- to 27-week GA group, the
SUID group had twice the percentage
of non-Hispanic African American
mothers, 1.7 times the percentage
of unmarried mothers, 1.9 times the
percentage of mothers <18 years
old, 1.7 times the percentage of
mothers who had a less than high
school–level education, 1.3 times
the percentage of mothers with
gravida >3, 1.2 times the percentage
of boys, 3.9 times the percentage of
infants with a birth weight <1000 g,
3.6 times the percentage of mothers
who smoked during pregnancy, and
1.7 times the percentage of mothers
with inadequate prenatal care (all
P < .001).

Results from the logistic regression
models additionally indicate a decline
in the risk for SUID as GA increased
(Table 3). In unadjusted and adjusted
models, the shortest GA group (24
to 27 weeks) had the highest odds of
experiencing SUID (unadjusted odds
ratio [OR] = 5.03, 95% confidence
interval [CI] = 3.84–6.57; adjusted
OR [aOR] = 3.53, 95% CI = 2.69–4.63,
model 2). When behavioral factors
were added (model 3), the aOR for
GA did not change, although there
was a strong association between
prenatal smoking and SUID (aOR =
2.89, 95% CI = 2.67–3.13) and
between both inadequate and
intermediate care and SUID (aOR =
1.38, 95% CI = 1.26–1.52 and
aOR = 1.31, 95% CI = 1.18–1.46,
respectively) (Supplemental Table
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5). Maternal race/ethnicity was
independently associated with SUID
in a pattern widely documented
for many birth outcomes.13 Marital
status, age, and education also had
strong associations with SUID in the
expected directions, as did gravida.
Finally, obstetric characteristics
(infant sex, multiple birth, and
vaginal birth) had independent
significant associations in the
expected directions with SUID.

Estimates using multiple imputation
on a random sample of 20%
were similar to those in Table 3
(Supplemental Table 6), suggesting
that missing data did not bias the
estimates. The estimates were also
insensitive to an alternative index
of prenatal care (Revised Graduated
Index)12 and to indicators for which
trimester prenatal care was initiated
instead of an index of prenatal care
adequacy (data not shown).

Discussion

We found that postneonatal
deaths attributed to SUID and
its components were inversely
associated with GA in 2012 to 2013.4
For SUID, SIDS, IUCM, and ASSB, the
mortality rates per 1000 live births
for postneonatal out-of-hospital
deaths were 81%, 75%, 88%, and
80% lower, respectively, for term
infants compared with infants with
GA in the 24- to 27-week range.
In studies on earlier cohorts, the
corresponding figures for SIDS were
similar at 70% and 73%.10,14

In logistic regression models, the
adjusted odds of SUID were highest
for infants with GAs of 24 to 27
weeks, remained so even when
risk factors, including smoking
and inadequate prenatal care,
were controlled for, and uniformly
decreased as GA increased, with even
the 37- to 38-week group having
significantly higher odds of SUID
compared with term infants. Our
findings are also consistent with
previous studies that age of death
declined as GA increased.10
4

TABLE 2 Characteristics of Surviving Infants and Infants Who Experienced SUID, United States, 2012
to 2013

N
GA, wk
24–27
28–31
32–33
34–36
37–38
39–42
Mother’s race/ethnicity
Non-Hispanic white
Non-Hispanic African
American
Hispanic
Marital status
Married
Unmarried
Mother’s age, y
<18
18–35
>35
Mother’s education
Less than high
school
High school
More than high
school
Gravida
1
2–3
>3
Prenatal smoking
Yes
No
Prenatal care use
(APNCU index)
Inadequate
Intermediate
Adequate
Intensive
Vaginal delivery
Yes
No
Birth weight, g
500–999
1000–1499
1500–2499
≥2500
Girl infant
Yes
No
Multiple birth
Yes
No

Pa

SIDS
(ICD10
95)

IUCM
(ICD10
R99)

1748

986

ASSB (ICD10
W75)

Pb

Survivors

SUID

5 678 045

3551

0.40
1.15
1.47
8.17
25.56
63.26

1.55
3.32
3.04
14.70
28.08
49.31

<.000

0.92
3.72
3.03
13.96
27.75
50.63

2.84
2.94
3.35
16.13
28.90
45.84

1.35
2.94
2.69
14.57
27.78
50.67

<.001

58.61
15.10

53.98
30.61

<.000

55.89
28.83

50.10
32.05

54.59
32.68

<.001

26.28

15.40

15.27

17.85

12.73

58.69
41.31

30.92
69.08

<.000

33.81
66.19

27.59
72.41

28.76
71.24

<.001

2.20
86.74
11.06

4.08
91.38
4.53

<.000

4.06
91.13
4.81

4.36
90.77
4.87

3.79
92.66
3.55

<.001

16.78

28.47

<.000

26.95

30.22

29.62

<.001

25.19
58.04

36.95
34.58

36.50
36.56

38.03
31.74

36.60
33.78

32.40
39.72
27.88

22.28
40.58
37.14

<.000

22.43
42.91
34.67

21.70
38.24
40.06

22.24
38.43
38.92

<.001

8.84
91.16

32.12
67.87

<.000

31.06
68.94

30.43
69.57

36.47
63.53

<.001

13.90
12.04
38.53
35.52

24.08
15.57
28.56
31.79

<.000

22.94
15.33
30.26
31.46

26.06
16.84
25.76
31.34

24.11
14.57
28.27
33.05

<.001

67.36
32.64

64.63
35.37

<.000

64.24
35.76

64.20
35.80

65.97
34.03

<.005

0.37
0.68
6.42
92.53

1.44
2.37
16.09
80.11

<.000

1.20
2.40
15.90
80.49

2.13
2.94
17.16
77.77

1.10
1.59
15.20
82.11

<.001

48.84
51.16

40.95
59.05

<.000

40.73
59.27

41.89
58.11

40.27
59.73

<.001

3.38
96.62

5.60
94.40

<.000

6.01
93.99

5.17
94.83

5.26
94.74

<.001

817

Data are percentages of a given group (survivors, etc) with a given characteristic.
a P values from χ2 tests for significant differences in distributions between survivors and SUID cases.
b P values from χ2 tests for significant differences in distributions across the 3 subtypes of SUID.

Both biological factors and unsafe
sleep practices have been suggested as
increasing the odds of SUID at lower

GAs.4,15,
 16
 We were unable to explore
the role of sleep practices because
US death records do not include that
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information and the Pregnancy Risk
Assessment Monitoring System, a
surveillance program of the Centers
for Disease Control and Prevention
(CDC) with information on infant safe
sleep practices, is not yet available for
2012 to 2013. Of note, even before the
2011 AAP guidelines, not all studies
found that infants with shorter GA
were exposed to more adverse sleep
practices. In the National Infant Sleep
Position Study, there was no significant
association between preterm birth
(<37 weeks) and supine sleep in 2003
to 2007.17 Another study using 2000–
2011 Pregnancy Risk Assessment
Monitoring System data found no less
use of the supine position for infants
born at <34 weeks’ GA compared with
term infants.18 However, this study
did find a small positive association
when comparing late-preterm to term
infants, consistent with findings from
an earlier study.6 Bed-sharing, another
risk factor for SUID, was reported
to be a usual practice by 11.2% of
families in the National Infant Sleep
Position Study and was associated with
prematurity.7 However, in a study of
hazardous bedding, such as pillows,
blankets, and quilts, prematurity was
not a significant predictor.19

Although there is little suggestive
evidence that the observed
associations between GA and SUID in
2012 to 2013 were directly related
to sleep practices, the pattern could
reflect larger effects of adverse
sleep practices at younger GAs due
to heightened vulnerability of lessdeveloped infants. For example,
there is evidence of reduced cerebral
oxygenation in the prone position
in infants with younger GAs.8,20
 It is
also possible that preterm infants
experience a greater number of
concurrent risk factors, which may
have a multiplicative effect. A study
of SIDS cases found that 78% had 2 to
7 concurrent risks.21 In the preterm
SIDS cases, 70% were nonsupine at
last sleep, over half had mothers and
fathers who were smokers, and 43%
shared a sleep surface. Future studies

TABLE 3 ORs (95% CIs) for Out-of-Hospital SUID by GA at Birth

GA, wk
24–27
28–31
32–33
34–36
37–38
39–42
Observations

Model 1

Model 2

Model 3

Unadjusted OR (95% CI)

aOR (95% CI)

aOR (95% CI)

5.03*** (3.84–6.57)
3.71*** (3.08–4.48)
2.66*** (2.19–3.23)
2.31*** (2.09–2.55)
1.41*** (1.30–1.52)
Ref
5 681 596

3.53*** (2.69–4.63)
2.71*** (2.24–3.28)
2.05*** (1.68–2.50)
1.90*** (1.72–2.11)
1.30*** (1.20–1.40)
Ref
5 681 596

3.55*** (2.70–4.66)
2.73*** (2.25–3.31)
2.05*** (1.68–2.51)
1.94*** (1.75–2.15)
1.34*** (1.23–1.45)
Ref
5 681 596

Model 1: unadjusted. Model 2: adjusted for maternal race/ethnicity, marital status, age, education, gravidity, infant sex,
multiple birth, and vaginal birth. Model 3: adjusted for all characteristics in model 2 plus maternal prenatal smoking and
prenatal care use. Full logistic regression results for models 2 and 3 are in Supplemental Table 5. Ref, reference.
*** P < .001.

should investigate sleep practices
and exposure to multiple concurrent
risk factors as potential explanations
of associations between GA and SUID.

Regardless of whether sleep practices
play a role in explaining the observed
association between GA and SUID in
2012 to 2013, our findings indicate
that enhanced recommendations for
safe sleep education in the NICU were
not sufficient to reduce or eliminate the
inverse association between GA and
SUID or its component causes
of death. However, we should not
infer from our findings that safe
sleep guidelines are an ineffective
strategy for decreasing the risk of
SUID, either overall or as it relates to
prematurity. First, rates of SIDS have
declined since the guidelines were

established, even at young GAs.1,10
Second, as noted earlier, data on
sleep practices by GA are unavailable
for the cohort we studied. Third,
guidelines can have impact only if
they produce behavioral change.
Little is known about adherence to
safe sleep guidelines after NICU stays
and how that might vary by GA, and
there is room for improvement in
the level of provider knowledge in
the NICU, education for parents, and
methods used to assess the efficacy

of educational interventions.22– 30
For example, studies assessing
at-home compliance should probably
use methodologies other than selfreport, as demonstrated by a recent
study incorporating nocturnal video
assessment.23 Fourth, adherence

to safe sleep guidelines requires
resources (eg, access to cribs that meet
safety standards and secure home
environments in which to use them).
Consistent with past research,31 we
found that mothers of SUID cases were
less educated, younger, more likely
to be unmarried, and more likely to
be non-Hispanic African American
than those of surviving infants. These
characteristics are associated with a
greater likelihood of poverty, which is
strongly associated with overall infant
mortality,32 preterm birth,33 and lower
compliance with safe sleep practices.7
Thus, our findings underscore the
importance of identifying populationspecific challenges to the adoption of
safe infant sleep practices.

Of note, we found that prenatal
cigarette smoking was a strong
risk factor for SUID, controlling for
demographic and obstetric risk
factors as well as GA. It has been well
established that fetal exposure to
tobacco smoke increases the risk of

preterm birth34 and SIDS.35,36
Prenatal smoking has been
associated with deficient hypoxia
awakening responses37 and
attenuated recovery from hypoxemic
challenges,38 a possible explanation
for their greater vulnerability and
for a potentially higher burden from
other risk factors, such as hazardous
bedding. Multiple mechanisms can
increase the risk of SIDS when the
fetus is exposed to tobacco smoke.
These include the occurrence of
abnormalities in regions of the
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brainstem associated with responses
to hypoxic challenges.39– 42
 Education
on safe infant sleep environments
should address the risks of smoke
exposure and ideally be implemented
before conception. Although smoking
throughout pregnancy increases the
risk of preterm birth, quitting early
reduces the risk for all but extremely
preterm births.34

The strengths of our study include
the focus on the broad category of
SUID, which has become the standard
measure of unexplained infant deaths
in research studies and a health
indicator tracked for Healthy People
2020. Another strength is the use
of the linked infant birth and death
certificate period files for 2012 to
2013, which captured nearly every
birth and infant death in the United
States, thus providing contemporary
national estimates of associations
between GA and SUID. These data
also allowed us to incorporate
important demographic, obstetric,
and behavioral variables.

A limitation of our study is that the
linked infant birth and death files may
contain inaccuracies in the diagnosis
of SUID-associated deaths because
information was lacking on whether
these largely unwitnessed deaths had
received a death-scene investigation,
which is a key component of defining
SIDS.43– 45
 Corrective steps were
taken by the CDC with the creation
of a reporting form (www.cdc.gov/
sids/pdf/suidi-form2-1-2010.pdf)
and the development of the SUID
Case Registry (www.cdc.gov/sids/
caseregistry), which enables the
CDC to evaluate the use of death
scene investigations in enrolled
states.45 Although 98% of cases in
7 enrolled states had conducted a
death scene investigation,45 as of
2015, only a minority of states and
regions were enrolled in cooperative
agreements with the Registry. Thus,
the degree to which other states
have comparably high rates of death
scene investigation is unknown.
However, because, for most cases, the
6

diagnostic variability falls within the
3 SUID components, the use of the
combined category of SUID should
attenuate this limitation.9

A second limitation is that in 2012
to 2013, not all states reported the
obstetric estimate (OE) of GA, which
was phased in as states adopted
the 2003 birth certificate revision.
The OE, which is determined
according to National Center for
Health Statistics46 birth reporting
guidelines, is considered more
accurate than the last menstrual
period (LMP)-based measure.47
According to a recent report, 41
states and Washington, DC reported
OEs for 2013 in addition to LMPbased GAs, which all states have
reported since 1981; those 41 states
plus Washington, DC accounted for
90% of births in the United States
in 2013, and weeks of GA were
identical using the OE- and LMPbased measures for 62.1% of those
births, within 1 week for 83.4%, and
within 2 weeks for 91.4%.48 Given
that most states used the OE in 2012
to 2013, the high rates of agreement
between the OE- and LMP-based
estimates within 1 and 2 weeks, and
the use of GA categories instead of
individual weeks, mismeasurement
of GA is unlikely a significant
limitation.

Another limitation is that we were
unable to directly explore the roles
of sleep practices and other potential
mechanisms underlying the observed
association between GA and SUID.
We did find that prenatal smoking,
although strongly associated with
SUID, did not explain any of the
association between SUID and GA,
and we questioned whether these
findings were due to underreporting
of this behavior. However, although
smoking is underreported in birth
records in the United States, the
extent of underreporting of smoking
is much lower than for most other
data elements and is similar for
term and preterm births.49 Thus, the
underreporting of smoking may have

resulted in a conservative estimated
association between smoking and
SUID.

Conclusions
Despite the 2011 AAP guidelines
addressing GA differences in SIDS
and other sleep-related infant
deaths through enhanced NICU safe
infant sleep education, data from
the US linked infant birth and death
certificate period files for 2012 to
2013 demonstrate that an inverse
relationship between GA and SUID
remains. The risk for SUID associated
with prematurity likely has multiple
etiologies requiring continued
investigation, including increased
biological vulnerabilities to risk
factors at earlier GAs and the efficacy
of NICU education programs. Prenatal
smoking, inadequate prenatal care
use, and poverty-related factors
were also strongly associated with
SUID, suggesting that intervention
strategies to reduce SUID should be
multifaceted and broad-based.

Abbreviations
AAP: A
 merican Academy of
Pediatrics
aOR: a djusted odds ratio
APNCU: A
 dequacy of Prenatal
Care Utilization
ASSB: accidental suffocation and
strangulation in bed
CDC: C
 enters for Disease Control
and Prevention
CI: c onfidence interval
GA: gestational age
ICD-10: I nternational
Classification of Diseases,
Tenth Revision
IUCM: ill-defined and unspecified
causes of mortality
LMP: last menstrual period
OE: obstetric estimate
OR: odds ratio
SIDS: sudden infant death
syndrome
SUID: s udden unexpected infant
death

Downloaded from http://pediatrics.aappublications.org/ by guest on November 21, 2017

Ostfeld et al

Copyright © 2017 by the American Academy of Pediatrics
FINANCIAL DISCLOSURE: The authors have indicated they have no financial relationships relevant to this article to disclose.
FUNDING: Supported in part by a health services grant from the New Jersey Department of Health and by the Robert Wood Johnson Foundation through their
support of the Child Health Institute of New Jersey (grants 67038 and 74260).
POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conflicts of interest to disclose.

References
1.	Malloy MH, MacDorman M. Changes
in the classification of sudden
unexpected infant deaths: United
States, 1992-2001. Pediatrics.
2005;115(5):1247–1253
2.	Centers for Disease Control and
Prevention. CDC Wonder. About linked
birth/infant death records, 2007-2014.
Available at: http://wonder.cdc.gov/lbd-
current.html. Accessed November 5,
2016
3.	Centers for Disease Control and
Prevention. CDC Wonder. About linked
birth/infant death records, 1999-2002.
Available at: http://wonder.cdc.gov/lbd-
v2002.html. Accessed June 6, 2015
4.	Moon RY; Task Force on Sudden Infant
Death Syndrome. SIDS and other sleeprelated infant deaths: expansion of
recommendations for a safe infant
sleeping environment. Pediatrics.
2011;128(5):1030–1039
5.	Moon RY, Hauck FR. SIDS risk:
it’s more than just the sleep
environment. Pediatrics. 2016;137(1):
e20153665
6.	Hwang SS, Lu E, Cui X, Diop H, Barfield
WD, Manning SE. Home care practices
for preterm and term infants after
hospital discharge in Massachusetts,
2007 to 2010. J Perinatol.
2015;35(10):880–884
7.	Colson ER, Willinger M, Rybin D, et al.
Trends and factors associated with
infant bed sharing, 1993-2010: the
National Infant Sleep Position Study.
JAMA Pediatr. 2013;167(11):
1032–1037
8.	Oyen N, Markestad T, Skaerven R, et al.
Combined effects of sleeping position
and prenatal risk factors in sudden
infant death syndrome: the Nordic
Epidemiological SIDS Study. Pediatrics.
1997;100(4):613–621
9.	Matthews TJ, MacDorman MF, Thoma
ME. Infant mortality statistics from

the 2013 period linked birth/infant
death data set. Natl Vital Stat Rep.
2015;64(9):1–30
10.	Malloy MH. Prematurity and sudden
infant death syndrome: United
States 2005-2007. J Perinatol.
2013;33(6):470–475
11.	Centers for Disease Control and
Prevention, National Center for Health
Statistics. Vital statistics data available
online. Period linked birth-infant death
data files. Available at: www.cdc.gov/
nchs/data_access/Vitalstatsonline.
htm. Accessed July 6, 2015
12.	Alexander GR, Kotelchuck M.
Quantifying the adequacy of prenatal
care: a comparison of indices. Public
Health Rep. 1996;111(5):408–418,
discussion 419
13.	Reichman NE, Teitler JO. In: Landale NS,
McHale SM, Booth A, eds. Families and
Child Health: National Symposium on
Family Issues. New York, NY: Springer;
2013
14.	Halloran DR, Alexander GR. Preterm
delivery and age of SIDS death. Ann
Epidemiol. 2006;16(8):600–606
15.	Witcombe NB, Yiallourou SR, Walker
AM, Horne RS. Blood pressure and
heart rate patterns during sleep
are altered in preterm-born infants:
implications for sudden infant death
syndrome. Pediatrics. 2008;122(6).
Available at: www.pediatrics.org/cgi/
content/full/122/6/e1242
16.	Fyfe KL, Yiallourou SR, Wong FY, Odoi
A, Walker AM, Horne RS. The effect of
gestational age at birth on post-term
maturation of heart rate variability.
Sleep. 2015;38(10):1635–1644
17.	Colson ER, Rybin D, Smith LA, Colton
T, Lister G, Corwin MJ. Trends and
factors associated with infant sleeping
position: the national infant sleep
position study, 1993-2007. Arch Pediatr
Adolesc Med. 2009;163(12):1122–1128

18.	Hwang SS, Smith RA, Barfield WD,
Smith VC, McCormick MC, Williams MA.
Supine sleep positioning in preterm
and term infants after hospital
discharge from 2000 to 2011.
J Perinatol. 2016;36(9):787–793
19.	Shapiro-Mendoza CK, Colson ER,
Willinger M, Rybin DV, Camperlengo
L, Corwin MJ. Trends in infant
bedding use: National Infant Sleep
Position study, 1993-2010. Pediatrics.
2015;135(1):10–17
20.	Fyfe KL, Yiallourou SR, Wong FY, Odoi
A, Walker AM, Horne RS. Cerebral
oxygenation in preterm infants.
Pediatrics. 2014;134(3):435–445
21.	Ostfeld BM, Esposito L, Perl H,
Hegyi T. Concurrent risks in sudden
infant death syndrome. Pediatrics.
2010;125(3):447–453
22.	Moon RY, Hauck FR, Colson ER.
Safe infant sleep iinterventions:
what is the evidence for successful
behavior change? Curr Pediatr Rev.
2016;12(1):67–75
23.	Batra EK, Teti DM, Schaefer EW,
Neumann BA, Meek EA, Paul IM.
Nocturnal video assessment of infant
sleep environments. Pediatrics.
2016;138(3):e20161553
24.	Grazel R, Phalen AG, Polomano
RC. Implementation of the
American Academy of Pediatrics
recommendations to reduce sudden
infant death syndrome risk in neonatal
intensive care units: an evaluation of
nursing knowledge and practice. Adv
Neonatal Care. 2010;10(6):332–342
25.	Barsman SG, Dowling DA, Damato
EG, Czeck P. Neonatal nurses’ beliefs,
knowledge, and practices in relation
to sudden infant death syndrome
risk-reduction recommendations. Adv
Neonatal Care. 2015;15(3):209–219
26.	Eisenberg SR, Bair-Merritt MH, Colson
ER, Heeren TC, Geller NL, Corwin MJ.

from http://pediatrics.aappublications.org/ by guest on November 21, 2017
PEDIATRICS Volume 140, number 1, Downloaded
July 2017

7

Maternal report of advice received for
infant care. Pediatrics. 2015;136(2).
Available at: www.pediatrics.org/cgi/
content/full/136/2/e315
27.	Voos KC, Terreros A, Larimore P, LeickRude MK, Park N. Implementing safe
sleep practices in a neonatal intensive
care unit. J Matern Fetal Neonatal
Med. 2015;28(14):1637–1640
28.	Hwang SS, O’Sullivan A, Fitzgerald
E, Melvin P, Gorman T, Fiascone JM.
Implementation of safe sleep practices
in the neonatal intensive care unit.
J Perinatol. 2015;35(10):862–866
29.	Hwang SS, Rybin DV, Heeren TC, Colson
ER, Corwin MJ. Trust in sources of
advice about infant care practices: the
SAFE Study. Matern Child Health
J. 2016;20(9):1956–1964
30.	Salm Ward TC, Balfour GM. Infant
safe sleep interventions, 1990-2015:
a review. J Community Health.
2016;41(1):180–196
31.	Carlberg MM, Shapiro-Mendoza
CK, Goodman M. Maternal and
infant characteristics associated
with accidental suffocation and
strangulation in bed in US infants.
Matern Child Health
J. 2012;16(8):1594–1601
32.	Roche NE, Abdul-Hakeem F, Davidow AL,
Thomas P, Kruse L. The epidemiology
of infant mortality in the greater
Newark, New Jersey area: a new look
at an old problem. J Natl Med Assoc.
2016;108(1):45–53
33.	Xaverius P, Alman C, Holtz L, Yarber L.
Risk factors associated with very low
birth weight in a large urban area,
stratified by adequacy of prenatal
care. Matern Child Health
J. 2016;20(3):623–629
34.	Moore E, Blatt K, Chen A, Van Hook
J, DeFranco EA. Relationship of
trimester-specific smoking patterns
and risk of preterm birth. Am J Obstet
Gynecol. 2016;215(1):109.e1–109.e6

8

35.	Blair PS, Fleming PJ, Bensley D, et al.
Smoking and the sudden infant
death syndrome: results from 1993-5
case-control study for confidential
inquiry into stillbirths and deaths
in infancy. Confidential Enquiry into
Stillbirths and Deaths Regional
Coordinators and Researchers. BMJ.
1996;313(7051):195–198
36.	Dietz PM, England LJ, ShapiroMendoza CK, Tong VT, Farr SL,
Callaghan WM. Infant morbidity and
mortality attributable to prenatal
smoking in the U.S. Am J Prev Med.
2010;39(1):45–52
37.	Lewis KW, Bosque EM. Deficient
hypoxia awakening response
in infants of smoking mothers:
possible relationship to sudden
infant death syndrome. J Pediatr.
1995;127(5):691–699
38.	Schneider J, Mitchell I, Singhal N,
Kirk V, Hasan SU. Prenatal cigarette
smoke exposure attenuates recovery
from hypoxemic challenge in preterm
infants. Am J Respir Crit Care Med.
2008;178(5):520–526
39.	Krous HF, Campbell GA, Fowler MW,
Catron AC, Farber JP. Maternal nicotine
administration and fetal brain stem
damage: a rat model with implications
for sudden infant death syndrome. Am
J Obstet Gynecol. 1981;140(7):743–746
40.	Slotkin TA, Lappi SE, McCook EC, Lorber
BA, Seidler FJ. Loss of neonatal hypoxia
tolerance after prenatal nicotine
exposure: implications for sudden
infant death syndrome. Brain Res Bull.
1995;38(1):69–75
41.	Slotkin TA, Seidler FJ, Spindel ER.
Prenatal nicotine exposure in
rhesus monkeys compromises
development of brainstem and cardiac
monoamine pathways involved in
perinatal adaptation and sudden
infant death syndrome: amelioration
by vitamin C. Neurotoxicol Teratol.
2011;33(3):431–434

42.	Vivekanandarajah A, Chan YL,
Chen H, Machaalani R. Prenatal
cigarette smoke exposure effects on
apoptotic and nicotinic acetylcholine
receptor expression in the infant
mouse brainstem. Neurotoxicology.
2016;53:53–63
43.	Willinger M, James LS, Catz C. Defining
the sudden infant death syndrome
(SIDS): deliberations of an expert panel
convened by the National Institute of
Child Health and Human Development.
Pediatr Pathol. 1991;11(5):677–684
44.	Shapiro-Mendoza CK, Camperlengo
LT, Kim SY, Covington T. The sudden
unexpected infant death case registry:
a method to improve surveillance.
Pediatrics. 2012;129(2). Available at:
www.pediatrics.org/cgi/content/full/
129/2/e486
45.	Erck Lambert AB, Parks SE,
Camperlengo L, et al. Death scene
investigation and autopsy practices in
sudden unexpected infant deaths.
J Pediatr. 2016;174:84–90.e1
46.	National Center for Health Statistics.
2003 Revisions of the guide to
completing the facility worksheets
for the certificate of live birth and
death the fetal death report. Available
at: www.cdc.gov/nchs/nvss/vital_
certificate_revisions.htm. Accessed
November 5, 2016
47.	Barradas DT, Dietz PM, Pearl M,
England LJ, Callaghan WM, Kharrazi
M. Validation of obstetric estimate
using early ultrasound: 2007 California
birth certificates. Paediatr Perinat
Epidemiol. 2014;28(1):3–10
48.	Martin JA, Osterman MJK, Kirmeyer
SE, Gregory ECW. Measuring
gestational age in vital statistics data:
transitioning to the obstetric estimate.
Natl Vital Stat Rep. 2015;64(5):1–20
49.	Reichman NE, Schwartz-Soicher O.
Accuracy of birth certificate data by
risk factors and outcomes: analysis
of data from New Jersey. Am J Obstet
Gynecol. 2007;197(1):32.e1–32.e8

Downloaded from http://pediatrics.aappublications.org/ by guest on November 21, 2017

Ostfeld et al

Prematurity and Sudden Unexpected Infant Deaths in the United States
Barbara M. Ostfeld, Ofira Schwartz-Soicher, Nancy E. Reichman, Julien O. Teitler
and Thomas Hegyi
Pediatrics 2017;140;
DOI: 10.1542/peds.2016-3334 originally published online June 5, 2017;

Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/140/1/e20163334

Supplementary Material

Supplementary material can be found at:
http://pediatrics.aappublications.org/content/suppl/2017/06/01/peds.2
016-3334.DCSupplemental

References

This article cites 44 articles, 11 of which you can access for free at:
http://pediatrics.aappublications.org/content/140/1/e20163334.full#re
f-list-1

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Fetus/Newborn Infant
http://classic.pediatrics.aappublications.org/cgi/collection/fetus:newb
orn_infant_sub
SIDS
http://classic.pediatrics.aappublications.org/cgi/collection/sids_sub
Public Health
http://classic.pediatrics.aappublications.org/cgi/collection/public_hea
lth_sub

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
https://shop.aap.org/licensing-permissions/

Reprints

Information about ordering reprints can be found online:
http://classic.pediatrics.aappublications.org/content/reprints

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since . Pediatrics is owned, published, and trademarked by the
American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
60007. Copyright © 2017 by the American Academy of Pediatrics. All rights reserved. Print ISSN:
.

Downloaded from http://pediatrics.aappublications.org/ by guest on November 21, 2017

Prematurity and Sudden Unexpected Infant Deaths in the United States
Barbara M. Ostfeld, Ofira Schwartz-Soicher, Nancy E. Reichman, Julien O. Teitler
and Thomas Hegyi
Pediatrics 2017;140;
DOI: 10.1542/peds.2016-3334 originally published online June 5, 2017;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/140/1/e20163334

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since . Pediatrics is owned, published, and trademarked by the
American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
60007. Copyright © 2017 by the American Academy of Pediatrics. All rights reserved. Print ISSN:
.

Downloaded from http://pediatrics.aappublications.org/ by guest on November 21, 2017

