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Trends in the Incidence of Sudden Unexpected Infant Death
in the Newborn: 1995-2014
Joel L. Bass, MD1, Tina Gartley, MD1, David A. Lyczkowski, MD1, and Ronald Kleinman, MD2
Objective To evaluate the epidemiology of sudden unexpected infant death (SUID) over a 20-year period in the
US, to assess the potential frequency of sudden unexpected postnatal collapse in the early days of life, and to
determine if SUID rates in the neonatal period (0-27 days) have changed in parallel with rates in the postneonatal
periods, including the percentages attributed to codes that include accidental suffocation.
Study design Data from the US Centers for Disease Control and Prevention Linked Birth/Infant Death Records
for 1995-2014 were analyzed for the first hour, day, week, and month of life. A comparison of neonatal and postneonatal data related to SUID, including accidental suffocation, was carried out.
Results Death records for 1995-2014 indicate that, although SUID rates in the postneonatal period have declined subsequent to the 1992 American Academy of Pediatrics sleep position policy change, newborn SUIDs have
failed to decrease, and the percentage of SUIDs attributed to unsafe sleep conditions has increased significantly
in both periods; 29.2% of the neonatal cases occurred within the first 6 days of life.
Conclusions The frequency of SUIDs during the neonatal period warrants ongoing attention to all circumstances contributing to this category of deaths. The development of a standardized definition of sudden unexpected postnatal collapse and a national registry of these events is recommended. Ongoing research on the effects
of early neonatal practices on postneonatal SUID should also be encouraged. (J Pediatr 2018;196:104-8).

T

he US Centers for Disease Control and Prevention (CDC) define sudden unexpected infant death (SUID) as “the death
of an infant less than 1 year of age that occurs suddenly and unexpectedly, and whose cause of death is not immediately obvious before investigation.”1 A similar acronym that is often used is "SUDI," for "sudden unexpected death in
infants."2 The definition of SUID includes sudden infant death syndrome (SIDS), as well as accidental suffocation and strangulation in bed (ASSB) and unknown causes of death in infants less than 1 year of age.1 Although the rate of SIDS peaks between
1 and 4 months of age, newborns are also vulnerable.3
Sudden unexpected postnatal collapse (SUPC) describes healthy infants born at greater than 35 weeks of gestation age, with
a 10-minute Apgar score of greater than 7, who collapse suddenly and unexpectedly within the first postnatal week of life.4 Although not an official category in the International Classification of Diseases (ICD), newborn deaths after SUPC conform to
the CDC definition of SUID.
After the implementation of the American Academy of Pediatrics (AAP) sleep position policy change in 1992,5 a 25% increase in the proportion of SIDS deaths occurring in the first month of life was reported.6 The authors suggested that some
cases previously reported as SIDS are now classified in other SUID categories, including ASSB and unknown causes, a trend
also noted by the AAP.7 To account for that possibility, we examined the incidence of SUID in the US, which encompasses all
categories of sudden unexpected deaths in infancy, including SIDS, SUPC, and ASSB. The purpose of our report is to focus on
the details of the evolving pattern of newborn SUID, including data on the early days of life that may reflect SUPC deaths.

Methods
The US National Vital Statistics System category of SUID8 combines conditions included in ICD-9 (1995-1998) and ICD-10
(1999-2014) codes 798.0, R95 (SIDS); E913.0,W75 Mechanical Suffocation Bed or Cradle (MSBC), Accidental Suffocation and
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Strangulation in Bed (ASSB); and 799.9, R99 (Unspecified).
We applied these codes to national data from the Linked Birth/
Infant Death Records for the most recent 20-year period available on the CDC WONDER On-Line Database for both the
neonatal period (<28 days) and the postneonatal period (28364 days).9 Annual total SUID incidence rates per 100 000 births
for 1995-2014 and percent of total SUIDs potentially related
to unsafe sleep related circumstances MSBC and ASSB were
identified separately for the neonatal and postneonatal periods.
In addition, to gauge the potential impact of SUPC during the
neonatal period, the number of deaths in the first hour, hours
1-23, and days 1-6 of life were also compiled, and a frequency distribution of average annual occurrences was developed. The percentage of cases in 2 gestational age groups (>35
weeks and ≤35 weeks) was also collected.
A logistic regression model was performed to evaluate the
risk of SUID attributable to MSBC/ASSB associated with time
period (2014 vs 1995) and neonatal population (neonatal vs
postneonatal). Statistical analysis was performed using SAS v9.4
(Cary, North Carolina) and a type I error rate of 0.05. An exploratory interaction term was included to test whether the
change in risk over time differed by neonatal status.

Results
From 1995 to 2014, 8869 SUIDs occurred in the first month
of life in the US, including 2593 (29.2%) in the first 6 days,
1317 (14.8%) on the first day, and 625 (7%) in the first hour
of life. The frequency distribution of average annual rates by
time interval is presented in Figure 1. Neonates greater than 35
weeks of gestation accounted for 60.1% of the SUIDs in the
first 6 days of life, of which there were 511 with SIDS codes
(798/R95). The remaining 39.9% were 35 weeks of gestation
or less, including 64 with SIDS codes.

Figure 2. US postneonatal/neonatal SUID rates per 100 000
births, 1995-2014. (Source: CDC WONDER Linked Birth/
Infant Death Records.)

During the same time period, rates of postneonatal (28364 days) SUID decreased by 22.7%, from 101 in 100 000 births
in 1995 to 78 in 100 000 births in 2002, after which rates did
not show continuing decline, while rates of neonatal (<28 days)
SUID in 1995 and 2014 remained stable at 11 in 100 000 births
(Figure 2). The percentage of SUID attributed to the neonatal period increased from 9%-10% in 1995 to 1998 to 11%13% from 1999 to 2014 (Figure 3).
The percentage of SUIDs attributed to MSBC/ASSB increased over time in both the neonatal and postneonatal populations, from 2.1% in the neonatal population and 3.4% in the
postneonatal population in 1995, to 22.7% and 24.9%, respectively, in 2014, representing an 11-fold proportionate increase in the neonatal population and a 7-fold proportionate
increase in the postneonatal population. Neonatal increases exceeded postneonatal increases in 13 of the 20 years. SUIDs attributable to MSBC/ASSB were significantly higher in 2014
compared with 1995 (P < .0001; OR 9.7; 95% CI 8.1-11.7).
SUIDs attributable to MSBC/ASSB did not differ significantly between postneonatal and neonatal populations (P = .14;
OR 1.2; 95% CI 0.9-1.5).

Discussion
Figure 1. US average annual neonatal SUIDs, 1995-2014.
(Source: CDC WONDER Linked Birth/Infant Death Records.)

This analysis documents the extent of SUID in the first day,
week, and month of life, and shows that the decrease in the
incidence of postneonatal SUID concurrent with implementation of the Back to Sleep Campaign in the mid-1990s did
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Figure 3. US percent SUID neonatal and postneonatal, 19952014. (Source: CDC WONDER Linked Birth/Infant Death
Records.)

not occur in the neonatal period. In addition, a statistically significant increase in deaths attributed to unsafe sleep circumstances in both the neonatal and postneonatal periods has
emerged since 1995, and the overall proportion of SUID in the
neonatal period has increased by 22%, from 10% of all cases
in 1995 to 12.2% in 2014. This finding is consistent with the
previously reported 25% proportionate increase in neonatal
SIDS from 1989 to 2001,6 and suggests a persistent trend in
unexpected deaths in this time period that cannot be explained only on the basis of classification shift. It is possible
that the now globally recognized condition of SUPC may be
contributing to this shift as SUIDs reported in the first 6 days
of life accounted for 29.2% of all neonatal SUIDs, of which
60.1% occurred in infants greater than 35 weeks of gestation.
SUPC has been described in detail in a comprehensive systematic review that identified 398 published case reports, mostly
from the European Union.4 In that review, one-third of the cases
occurred in the first 2 hours of life, one-half resulted in death,
and one-half of survivors had neurologic sequelae. The authors
estimated that, even using their lowest incidence numbers, extrapolation to the 5 million births in the European Union would
predict 150 deaths annually. They noted that SUPC was frequently associated with prone position, skin-to-skin care (SSC),
and/or co-bedding. In Spain, more than a 14-fold increase in
the incidence of SUPC was associated with the introduction
of SSC.10 A German case-control study identified potentially
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asphyxiating positioning and primarity as major contributors to these events.11,12 A British population-based study of
SUPC reported a strong association of events with SSC, prone
position, and breastfeeding in the context of recent maternal
sedation,13 and suggested that risk factors for SUPC were similar
to those for conventional SIDS, even in patients with underlying conditions. In addition, population-based data have recently been reported from Australia, with risk profiles for SUPC
similar to the German and British reports.14 The association
between SSC and SUPC suggests a causal relationship using
traditional criteria of causality,15 including temporality and
consistency,4,10,12-14 strength of association,10,12 and biological
plausibility.4,16
In the US, the AAP was first to draw attention to the association of SUPC with SSC and other practices in maternity
settings, 17 citing the emergence of litigation related to
these events and suggesting compliance with safe sleep
recommendations3,18 when promoting breastfeeding. Similar
observations were noted in a study including case descriptions of deaths related to accidental newborn suffocation on
maternity units from the National Association of Medical
Examiners.19 These reports are consistent with concerns expressed in a report that included population-based data from
Massachusetts20 as well as a recent AAP clinical report on SSC
in the term newborn.21 The National Institute of Health and
Human Development safe sleep recommendations18 advise that
the infant be placed supine on a firm surface, not overheated, in a separate bed. This recommendation distinctly contrasts with the circumstances associated with a newborn in a
prone position receiving SSC. The mother may also be exhausted during the postpartum period and fall asleep with the
infant in a prone position on her, resulting in co-bedding, a
known risk for SIDS,22 particularly in the first 3 months of life
and in the presence of parental smoking and alcohol use.23
Although SUPC occurs in the first week of life, SUID risk
continues at home in the weeks after the birth hospitalization and throughout the first year of life. The rates of MSBC/
ASSB codes we observed suggest that potentially unsafe sleep
circumstances are identified in a large and growing fraction
of both neonatal and postneonatal SUID. Although some of
this increase may be the result of diagnostic shift and changes
in the analysis and classification of SUID cases,6,7,24 we believe
that our data suggest that, consistent with the “triple-risk” model
of SIDS,7 unsafe sleep circumstances may represent an important contributing factor that interacts with known risks including race, sex, maternal tobacco and alcohol use, intrinsic
biological processes,24 and the effects of gestational age at birth25
that result in SUID.
It is also possible that certain practices in the neonatal period
may exert an influence on postneonatal outcomes. For example,
parents may continue to implement unsafe prone positioning if it is observed or practiced in the hospital.7 Because advice
from physicians has been shown to have a positive impact on
the mother’s choice to implement a supine sleep position,26
the birth hospital stay offers an important early opportunity
for safe sleep messaging. Lactation support in the perinatal
period also provides an important early opportunity to reinBass et al
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force safe sleep messages. Because breastfeeding is associated
with a reduced risk of SIDS,7 this is a logical context to provide
early safe sleep education.
Failure to introduce a pacifier in the neonatal period is
another factor that could adversely affect postneonatal SUID
rates. Although there is considerable evidence that pacifier use
at bedtime is associated with a substantially reduced risk of
SIDS,3,7,27 the AAP currently suggests that pacifier use be deferred until breastfeeding is established7 and breastfeeding
mothers are often advised to avoid pacifier use because of concerns that pacifiers may interfere with breastfeeding.28 This
advice, however, is based on observational studies and is not
supported by evidence from clinical trials.7 A recent study found
that pacifier use in the newborn nursery is a strong predictor
of pacifier use later in infancy and that starting a pacifier before
hospital discharge was associated with greater use and lower
discontinuation in the following year.29 In addition, a casecontrol study that explored the interaction of pacifier use and
unsafe sleep conditions demonstrated a markedly attenuated
SIDS risk in the presence of unsafe sleep conditions, including bed sharing, sleeping in the prone/side position, using
pillows, and using soft bedding.30 A recent British study also
suggests that pacifier use is associated with a lower risk of SIDS
in cosleepers.23 Further research is needed to determine to what
extent postneonatal SUID rates might decrease if safe sleep practices and pacifier use were more consistently implemented in
the neonatal period.
Because SUPC and newborn SUID are problems that are
international in scope, the experience of different nations with
the problem may provide a perspective on alternative approaches to prevention. The New Zealand Ministry of Health
issued a consensus statement that specifically identified the
problem of sudden unexpected early neonatal deaths in the
immediate postnatal period, and provided guidelines addressing the risks associated with maternal exhaustion and sedation and the need for staff supervision of SSC.31 In addition,
in response to firmly established practices in the Maori population, in-bed bassinets were developed to encourage safe sleep
positioning for breastfeeding mothers who chose to co-bed
despite counseling. By using a multimodal approach combining culturally sensitive practices with intensive sudden unexpected death in infants education and supportive government
policies, these investigators demonstrated a 29% decrease in
postperinatal mortality.32
Our data have limitations. Although the deaths reported in
the included age range and ICD codes assigned to them are
consistent with the most commonly accepted definition of
SUPC,4 the lack of a single specific ICD code for SUPC is a
limitation. Miscoding of inpatient deaths during the birth admission could result in failure to capture SUID/SIDS cases. Location (hospital or home) is not available in the CDC
WONDER database. In addition, because the detailed circumstances of the reported deaths cannot be ascertained from the
CDC WONDER site data, MSBC/ASSB codes may be an imperfect marker for deaths owing to unsafe sleep conditions.
However, statewide data from Kentucky, using alternate sources
including state vital statistics, death certificate files, medical

examiners, coroners, and child fatality review team reports33
found that 93.9% of ASSB cases had sleep-related risk factors,
including prone position, bed sharing, use of soft objects in
the bed, and loose bedding. Furthermore, more than 80% of
cases coded as SIDS and Undetermined were also associated
with sleep-related risk factors. This finding suggests that our
results may actually underestimate these risks.
The importance of quantifying early newborn deaths has
been recognized in a report of the Every Newborn Study
Group.34 The authors’ statement “to count deaths is crucial to
change them” is particularly relevant to the issue of SUID,
because deaths related in whole or in part to unsafe sleep circumstances are potentially preventable. To more accurately classify these deaths, the US needs to develop a standard definition
for identification and investigation of SUPC, as has been accomplished in the UK.35 Because many SUPC events do not
result in death, but have significant morbidity, it would also
be useful for the CDC to develop registries to track and analyze
those events with detailed data including gestational age, location, and pacifier presence. This step could serve to identify populations at greatest risk and in need of focused
intervention, enhance the public health value of the existing
CDC SUID case registry,36 and support the SUID prevention
mission of the US Child Death Review Teams.37 In addition,
although previous reports have documented the increased risk
for SUID/SIDS associated with prematurity,25,38 they have included only postneonatal deaths. Our identification of 64 SIDS
cases in premature newborns at 35 weeks of gestation or less
in the first 6 days of life, when they are most likely in closely
supervised settings, was an unanticipated finding that merits
further research.
Ongoing research on SUID prevention is essential. A recent
report showed that the use of mobile interventions (text, email,
and video) based in the birth hospital improved adherence to
safe sleep practices related to sleep position, sleep location, soft
bedding, and pacifier use.39 This approach is promising and
could potentially have a positive impact on prevention, particularly if the populations at greatest risk can be effectively
included.40 ■
We thank Janis Breeze, MPH, Epidemiologist, Tufts Clinical and Translational Science Institute, for reviewing the statistics and providing the
regression analysis.
Submitted for publication Aug 29, 2017; last revision received Dec 11, 2017;
accepted Dec 15, 2017
Reprint requests: Joel L. Bass, MD, Department of Pediatrics, NewtonWellesley Hospital, 2014 Washington St., Newton, MA 02462. E-mail: jbass@
partners.org

References
1. About SUID and SIDS. Centers for Disease Control and Prevention.
https://www.cdc.gov/sids/aboutsuidandsids.htm. Accessed January 1,
2017.
2. Victoria State Government, Australia. Sudden unexpected death in infants
(SUDI and SIDS). https://www.bapm.org/sites/default/files/files/
SUPC_Booklet.pdf. Accessed January 5, 2018.
3. American Academy of Pediatrics Task Force on Sudden Infant Death
Syndrome. SIDS and other sleep-related infant deaths: expansion of

Trends in the Incidence of Sudden Unexpected Infant Death in the Newborn: 1995-2014

107

THE JOURNAL OF PEDIATRICS • www.jpeds.com

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.
20.
21.

108

recommendations for a safe infant sleeping environment. Technical report.
Pediatrics 2011;128:e1341-67.
Herlenius E, Kuhn P. Sudden unexpected postnatal collapse of newborn
infants: a review of cases, definitions, risks and preventive measures. Transl
Stroke Res 2013;4:236-47.
AAP Task Force in Infant Positioning and SIDS, Kattwinkel J,
Brooks J, Meyerberg D. Postioning and SIDS. Pediatrics 1992;89:11206.
Shapiro-Mendoza CK, Tomashek KM, Anderson RN, Wingo J. Recent national trends in sudden, unexpected infant deaths: more evidence supporting a change in classification or reporting. Am J Epidemiol
2006;163:762-9.
Moon RY, American Academy of Pediatrics Task Force on Sudden Infant
Death Syndrome. SIDS and other sleep-related infant deaths: evidence
for 2016 updated recommendations for a safe infant sleeping environment. Technical report. Pediatrics 2016;138:e2016940.
Matthews TJ, MacDorman MF, Thoma ME. Infant mortality statistics from
the 2013 period linked birth/infant death data set. Natl Vital Stat Rep
2015;64:1-30.
United States Department of Health and Human Services (US DHHS),
Centers of Disease Control and Prevention (CDC), National Center for
Health Statistics (NCHS), Division of Vital Statistics (DVS). Linked Birth/
Infant Death Records 1995-1998, 1999-2002, 2003-2006 and 2007-2014,
as compiled from data provided by 57 vital statistics jurisdictions through
the Vital Statistics Cooperative Program, on CDC WONDER Online
Database. http://wonder.cdc.gov/lbd-current.html. Accessed October 25,
2017.
Gómez JR, Elorriaga IA, Fernández-Llebrez L, Fernández AP, Avellanal
CU, Sierra CO. Episodios aparentemente letales en las primeras dos horas
de vida durante el contacto piel con piel: incidencia y factores de reisgo.
Prog Obstet Ginecol 2011;54:55-9.
Poets A, Steinfelt R, Poets CF. Sudden deaths and severe apparent lifethreatening events in term infants within 24 hours of birth. Pediatrics
2011;127:e869-73.
Poets A, Urschitz MS, Steinfeldt R, Poets CF. Risk factors for early sudden
deaths and severe apparent life-threatening events. Arch Dis Child Fetal
Neonatal Ed 2012;97:F395-7.
Becher J, Bhushan S, Lyon AJ. Unexpected collapse in apparently healthy
newborns: a prospective national study of a missing cohort of neonatal
deaths and near-death events. Arch Dis Child Fetal Neonatal Ed
2012;97:F30-4.
Lutz TL, Elliot EJ, Jeffrey HE. Sudden unexplained early neonatal death
or collapse a national surveillance study. Pediatr Res 2016;80:4938.
Raina P, Turcotte K. Assessing harm and causation. In: Moyer VA, ed. Evidence based pediatrics and child health. London: BMJ Books; 2000.
p. 51-3.
Baddock SA, Galland BC, Bolton DP, Williams SM, Taylor BJ. Hypoxic
and hypercapneic events in young children during bed-sharing. Pediatrics 2012;130:237-44.
Goldsmith JP. Hospitals should balance skin-to-skin contact with safe sleep
practices. AAP News 2013;34:22.
Eunice Kennedy Shriver National Institute of Child Health and Human
Development. Known risk factors for SIDS and other sleep-related causes
of infant death. https://www.nichd.nih.gov/sts/about/risk/Pages/factors.aspx.
Accessed March 11, 2017.
Thach BF. Deaths and near deaths of healthy newborn infants while bed
sharing on maternity wards. J Perinatol 2013;34:275-9.
Bass JL, Gartley TG, Kleinman R. Unintended consequences of current
breastfeeding initiatives. JAMA Pediatr 2016;170:923-4.
Feldman-Winter L, Goldsmith JP, American Academy of Pediatrics Committee on Fetus and Newborn, Task Force on Sudden Infant Death. Safe
sleep and skin-to-skin care in the neonatal period for healthy term newborns. Pediatrics 2016;138:e20161889.

Volume 196
22. Carpenter R, McGarvey C, Mitchell EA, Tappin DM, Vennemann MM,
Smuk M, et al. Bed sharing when parents do not smoke: is there a risk
of SIDS? An individual analysis of five major case-control studies. BMJ
Open 2013;3:e002299.
23. Blair PS, Sidebotham P, Pease A, Fleming PJ. Bed-sharing in the absence
of hazardous circumstances: is there a risk of sudden infant death syndrome? An analysis from two case-control studies conducted in the UK.
PLOS ONE 2014;9:e107799.
24. Goldstein RD, Trachtenberg FL, Sens MA, Harty MA, Kinney HC. Overall
postneonatal mortality and rates of SIDS. Pediatrics 2016;137:e20152298.
25. Ostfield BM, Schwartz-Soicher O, Reichman NE, Teitler JO, Hegyi T. Prematurity and sudden unexpected infant deaths in the United States. Pediatrics 2017;140:1-8.
26. Colson ER, Geller NL, Heeren T, Corwin MJ. Factors associated with choice
of infant sleep position. Pediatrics 2017;140:1-10.
27. Hauck FR, Omojokun OO, Siadaty MS. Do pacifiers reduce the risk of
sudden infant death syndrome? A meta-analysis. Pediatrics 2005;116:e71623.
28. Baby-Friendly USA. Guidelines and evaluation criteria for facilities seeking
baby-friendly designation. 2016 revision. Albany (NY): Baby-Friendly USA;
2016 https://www.babyfriendlyusa.org/get-started/the-guidelinesevaluation-criteria. Accessed March 7, 2017.
29. Walsh P, Vieth T, Rodriguez C, Lona N, Molina R, Habebo E, et al. Using
a pacifier to decrease sudden infant death syndrome: an emergency department educational intervention. PeerJ 2014;2:E309.
30. Moon RY, Tanabe KO, Yang DC, Young HA, Hauk FR. Pacifier use and
SIDS: evidence for a consistently reduced risk. Matern Child Health J
2012;16:609-14.
31. New Zealand Ministry of Health. Observation of mother and baby in the
immediate postnatal period: consensus statements guiding practice. 2012.
http://www.health.govt.nz/publication/observation-mother-and-baby
-immediate-postnatal-period-consensus-statements-guiding-practice. Accessed May 23, 2017.
32. Mitchell EA, Cowen S, Tipene-Leach D. The recent fall in postperinatal
mortality in New Zealand and the safe sleep programme. Acta Paediatr
2016;105:1312-20.
33. Kentucky Department of Public Health, Division of Maternal and Child
Health, Kentucky’s infant deaths with sleep-related risk factors. 2013.
http://chfs.ky.gov/nr/rdonlyres/b0f9932f-b1f4-4ba4-a7c4-11d32962af44/0/
22513suid6.pdf. Accessed August 15, 2017.
34. Lawn JE, Blencowe H, Oza S, You D, Lee AC, Waiswa P, et al. for the Lancet
Every Newborn Study Group. Every Newborn: progress, priorities, and
potential beyond survival. Lancet 2014;384:189-205.
35. The British Association of Perinatal Medicine. Guidelines for the investigation of newborn infants who suffer a sudden and unexpected postnatal collapse in the first week of life: recommendations from a professional
group on sudden unexpected postnatal collapse. Edinburgh: British Association of Perinatal Medicine; 2011. https://www.bapm.org/resources/
guidelines-investigation-newborn-infants-who-suffer-sudden-andunexpected-postnatal. Accessed January 31, 2018.
36. Shapiro-Mendoza CK, Camperiengo LT, Kim SY, Covington T. The sudden
unexpected infant death case registry: a method to improve surveillance. Pediatrics 2012;129:e486-93.
37. National Center for the Review and Prevention of Child Deaths. SIDS/
SUID I fact sheet. https://www.ncfrp.org/reporting/sidssuid/. Accessed
January 5, 2018.
38. Malloy MH. Prematurity and sudden infant death syndrome. J Perinatol
2013;33:470-5.
39. Moon RY, Hauk FR, Colson ER, Kellams AL, Geller NL, Heeren T, et al.
The effect of nursing quality improvement and mobile health interventions on infant sleep practices: a randomized control trial. JAMA
2017;318:351-9.
40. Shapiro-Mendoza CK. Interventions to improve infant sleep practices.
JAMA 2017;318:336-8.

Bass et al

