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Abstract We describe an approach for quantifying and

characterizing the extent to which sudden and unexpected

infant deaths (SUIDs) result from unsafe sleep environ-

ments (e.g., prone position, bedsharing, soft bedding); and

present data on sleep-related infant deaths in NYC. Using a

combination of vital statistics and medical examiner data,

including autopsy and death scene investigation findings,

we analyzed any death due to accidental threat to breathing

(ATB) (ICD-10 W75 & W84), and deaths of undetermined

intent (UND) (Y10-Y34) between 2000 and 2003 in NYC

for the presence of sleep-related factors (SRF). Homicide

deaths were excluded as were SIDS, since in NYC SIDS is

not a certification option if environmental factors were

possibly contributors to the death. All 19 ATB and 69

(75%) UND had SRFs as per the OCME investigation.

Black infants and infants born to teen mothers had higher

SRF death rates for both ATB and UND deaths. Bedshar-

ing was the most common SRF (53%-ATB; 72%-UND

deaths); the majority of non-bedsharing infants were found

in the prone position (60%-ATB; 78%-UND deaths). We

found a high prevalence of SRFs among ATB and UND

deaths. This is the first local study to illustrate the impor-

tance of knowing how SUIDs are certified in order to

ascertain the prevalence of infant deaths with SRFs.

Advancing the research requires clarity on the criteria used

by local medical examiners to categorize SUIDs. This will

help jurisdictions interpret their infant mortality statistics,

which in turn will improve education and prevention

efforts.
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Background

Evaluating the role of sleep-related factors in infant death,

such as sleep position and the sleep environment, is com-

plex and has changed over time [1–3]. This is a critical

public health issue given that most accidental sleep-related

infant deaths are preventable. In the first half of the

twentieth century, deaths that are now commonly referred

to as sudden and unexpected infant deaths (SUIDs) were

certified as injury from asphyxia. Starting in the 1970s,

these deaths were largely classified as Sudden Infant Death

Syndrome (SIDS), and supine became the recommended

sleep position following the national ‘‘Back to Sleep’’

campaign [4–8]. Currently, a reporting and diagnostic shift

is detectable in many jurisdictions in the United States,

whereby deaths that would have been previously certified

as SIDS are now certified as injury-related [9]. This shift is

largely attributed to an improved and increased number of

death scene investigations, which has yielded information

needed to differentiate an injury-related death from SIDS

[10–13]. New York City (NYC) has also experienced this

shift in classification; between 1996 and 2006, infant

mortality rates declined by 84% for SIDS and increased by

93% for injury-related deaths [14].

These varying interpretations and classifications of

SUIDs have created a barrier to understanding how sleep-

related factors (SRFs) impact infant mortality. Another
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barrier to accurately assessing the role of SRFs on SUIDs is

the different nomenclature used across disciplines to

describe SUIDs. Among medical examiners, SUIDs are

referred to within the context of cause and manner (e.g.

asphyxia with accidental manner of death); the ICD-10

classification uses different terminology, broadly catego-

rizing these deaths as ‘‘external causes of accidental

injury’’ [15]. Additionally, public health practitioners often

use the terms unintentional injury or injury-related when

categorizing SUIDs [16–18].

Several studies have examined the prevalence of SRFs

among SUIDs, including a recent analysis documenting a

national increase in SUIDs due to accidental suffocation

and strangulation in bed [13, 19, 20]. However, data are

limited because national death files do not include detailed

death scene investigation findings. While many local

studies have been published on this topic, there is wide

variability in the spectrum of cases included in these

analyses; some examine SIDS and others focus on injury-

related deaths. Further, there is often insufficient docu-

mentation and inconsistent categorization of SUIDs among

statewide medical examiners, preventing reliable investi-

gation of SUIDs and their sleep-related risk factors [21].

This study builds on the standard protocol for investi-

gating and certifying infant deaths in New York City that

has been in place since 2000. Our analysis sought to

advance the understanding of sleep-related infant deaths in

NYC, as well as to provide an approach for researchers

studying the epidemiology of sleep-related infant deaths.

Our study has two aims: first, to describe the current death

certification protocols for SUIDs in NYC; second, to

determine, using information from a combination of vital

statistics and medical examiner data, the extent to which

SUIDs for 2000–2003 occurred in unsafe sleeping

environments.

Methods

This analysis draws on data from NYC death certificates

obtained through the NYC Department of Health and

Mental Hygiene (DOHMH), Office of Vital Statistics

(OVS), and medical examiner records obtained through the

NYC Office of Chief Medical Examiner (OCME) for infant

deaths occurring within the first year of life. The OCME

record includes death scene investigation findings, autopsy

findings, results of medical tests, X-rays and medical

record reviews, supplemental family and provider inter-

views, and police and fire marshal reports.

In NYC, all SUIDs are examined and certified using a

standard protocol developed by the OCME in 2000. This

protocol consists of death scene investigations, a standard

form to be completed within several days of the death, and

a certification protocol when the autopsy and other post-

mortem studies fail to disclose a specific cause of death

[22, 23]. The latter includes certification guidelines when

environmental circumstances contributed to the death. If

environmental events are suspected or confirmed to be

present at the time of death, the NYC OCME certification

options are: (1) suffocation or asphyxia with an accidental

or intentional manner of death, if sufficient evidence is

present (e.g., due to smothering or overlay); (2) suffocation

with an undetermined manner of death, if insufficient

evidence on the manner of death is present; or (3) unde-

termined cause and manner, if there are no findings from

the autopsy or post mortem studies that point to a cause of

death, but the death scene investigation reveals an envi-

ronment that may have caused an injury like asphyxia or

suffocation. According to NYC protocols, only when no

environmental events are possibly or confirmed to be

present at the time of death can the death be reported as

SIDS.

In this study, we reviewed the OCME records for infant

deaths that met the following criteria: SUIDs occurring in

NYC between 2000 and 2003 with a manner of death

accidental or undetermined. Deaths with manners of death

natural (e.g., SIDS), intentional, or due to therapeutic

complications were excluded. Based on these criteria, the

following deaths with International Classification of

Diseases (ICD-10) codes were included in our analysis: any

death resulting from accidental threat to breathing (ATB)

(ICD-10 W75 & W84), and deaths of undetermined intent

(UND) (Y10-Y34) [15].

We identified all the ATB and UND deaths that occurred

between 2000 and 2003 through NYC Vital Statistics death

certificate data. A unique medical examiner number listed

on the NYC death certificate allowed us to identify the

infant’s OCME record. The OCME records were abstracted

by trained research assistants using a standardized

abstraction form in order to collect information on SRFs as

well as demographic maternal and infant characteristics

[24].

We defined a SRF as any environmental factor (e.g.,

sleeping prone, sleeping among soft bedding, bedsharing)

related to sleep which definitively contributed to the death

or could possibly have been associated with it. The ATB

deaths were classified as having SRF if the OCME records

reported that infant sleep position, location or bedsharing

status at the time of death caused or contributed to the

death. The UND deaths were classified as having SRF if

the OCME records reported that infant sleep position,

location or bedsharing status could possibly have been

associated with the death. Deaths certified as undetermined

that had a possibility of homicide or lacked any informa-

tion on environmental circumstances listed on the OCME

records were not classified as sleep-related in our analyses.
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Table 1 describes the total number of SUIDs analyzed for

SRFs between 2000 and 2003.

Infant and maternal demographic and health character-

istics were taken from the birth/infant death certificate

linked files (Table 2). Data missing from the death

certificate were taken from OCME records. Gestational

age was categorized as preterm (\37 weeks) and term

(37 weeks and greater). Infant age at death was categorized

as neonatal (1–27 days) or postneonatal (28 days–1 year).

Sleep-related characteristics were taken from the OCME

records (Table 3). Data in Tables 1, 2 and 3 are presented

separately for the ATB and UND deaths.

The data presented are based on total events for the

4-year period (2000–2003) due to the small number of

deaths annually. Infant death rates were calculated as the

number of deaths per 100,000 live births and shown with

95% confidence intervals (CI). Poisson probability testing

was performed to determine which infant characteristics

independently and significantly predicted ATB and UND

death at the 0.05 level. Analyses were conducted using

SAS statistical software, version 9.1. Both the NYC

DOHMH and the NYC OCME Institutional Review Boards

approved this study.

Table 1 Sudden unexpected infant deaths (SUIDs) reviewed for

SRFs, NYC, 2000–2003

ATB UND

N (%) N (%)

Total number of deaths analyzed 19 92

No SRF/unable to classify as sleep-related 0 23

Deaths with SRFs 19 (100%) 69 (75%)

Abbreviations: ATB accidental threat to breathing (ICD-10 W75 &

W84), UND deaths of undetermined intent (Y10-Y34), SRF sleep-

related factors

Table 2 Infant and maternal characteristics among SUIDs with SRFs, NYC, 2000–2003

Characteristics ATB Death ratea UND Death ratea

N (%) Rate 95% CI� N (%) Rate 95% CI�

Gender

Male 11 (57.9) 4.3 2.2–7.7 45 (65.2) 17.7 12.9–23.6

Female 8 (42.1) 3.3 1.4–6.5 24 (34.8) 9.9 6.4–14.8

Infant race/ethnicity�

Black non-Hispanic 12 (63.2) 9.6 4.9–16.7 36 (52.2) 28.7 20.1–39.8

White non-Hispanic 1 (5.3) 0.7 0.0–3.8 10 (14.5) 6.8 3.2–12.4

Hispanic 5 (26.3) 3.1 1.0–7.3 18 (26.1) 11.2 6.7–17.8

Asian/Pacific Islander 0 (0.0) 0.0 0.0–0.0 4 (5.8) 6.5 1.8–16.6

Maternal age�

14–17 1 (5.3) 7.4 0.2–41.4 7 (10.1) 52.1 20.9–107.3

18–19 4 (21.1) 15.6 4.2–39.8 9 (13.0) 35.0 16.0–66.5

20–24 4 (21.1) 3.7 1.0–9.6 18 (26.1) 16.9 10.0–26.7

25–34 6 (31.6) 2.4 0.9–5.1 24 (34.8) 9.4 6.0–14.0

35? 2 (10.5) 2.1 0.3–7.5 9 (13.0) 9.4 4.3–17.8

Gestational age�

Term (37 ? weeks) 11 (57.9) 2.5 1.2–4.4 49 (71.0) 10.9 8.1–14.4

Preterm (\37 weeks) 6 (31.6) 12.8 4.7–27.8 17 (24.6) 36.2 21.1–57.9

Age at death

\28 days 1 (5.3) 0.2 0.0–1.1 7 (10.1) 1.4 0.6–2.9

28 days–2 months 6 (31.6) 1.2 0.4–2.6 15 (21.7) 3.0 1.7–5.0

2 months–4 months 10 (52.6) 2.0 1.0–3.7 29 (42.0) 5.8 3.9–8.4

4 months? 2 (10.5) 0.4 0.0–1.5 18 (26.1) 3.6 2.1–5.7

Total 19 3.8 2.3–6.0 69 13.9 10.8–17.6

Abbreviations: ATB accidental threat to breathing (ICD-10 W75 & W84), UND deaths of undetermined intent (Y10-Y34), SRF sleep-related

factors
� Values with non-overlapping confidence intervals are significantly different at the P \ 0.05 level
� Will not total to 100% due to missing information
a Rate per 100,000
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Results

Between 2000 and 2003, there were 19 ATB deaths and 92

UND deaths in NYC that met the case definition for SUIDs

with possible sleep-related factors (Table 1). All 19 ATB

deaths resulted from hazardous sleeping environments and

were categorized as deaths with SRF. Of the ATB deaths,

58% were male, 63% were black non-Hispanic, 95% died

in the postneonatal period, and 58% were full term

(Table 2). Thirty-seven percent of the infants were found in

the prone position at the time of death; 53% were sleeping

in an adult bed, and 53% were bedsharing (Table 3).

Information on the presence of soft bedding, pillows, or

blankets was reported for the majority of infants (53%).

Results for all groups appear in Tables 2 and 3.

Of the 92 UND deaths, 69 (75%) had SRFs based on

information obtained through the OCME records (Table 1).

The remaining 23 deaths did not have sufficient informa-

tion on the OCME records to permit classification for SRF:

12 infants did not have autopsies and 11 deaths were

inconclusive cases, possibly due to homicide. Among the

UND deaths with SRF (n = 69), 72% were bedsharing,

65% slept in an adult bed, and 62% were either in the prone

or side position at the time of death. Similar to the

demographic profile of the ATB deaths, 66% were male,

52% were black non-Hispanic, 90% died in the postneo-

natal period, and 76% were full term.

The ATB and UND death rate was two to four times

higher for black non-Hispanic infants (ATB-9.6 per

100,000 and UND-28.7 per 100,000) than all other race/

ethnic groups (P \ 0.05), and infants born to teen mothers

(\20 years old) had a significantly higher death rate than

mothers 20 and older (P \ 0.05) (Table 2). Although most

ATB and UND deaths with SRF were among full term

infants, the death rate among preterm infants (ATB-12.8

per 100,000 and UND-36.2 per 100,000) was significantly

higher than the rate among full term infants (ATB-2.5 per

100,000 and UND-10.9 per 100,000, P \ 0.05). The rate of

death for both ATB and UND was significantly higher

during the postneonatal period than the neonatal period,

with the highest rate (ATB-2.0 per 100,000 and UND-5.8

per 100,000) at 2–4 months. The death rate for both ATB

and UND deaths was higher for male infants compared to

females but it was not statistically significant.

Discussion

Our study found a high prevalence of sleep-related factors

among deaths resulting from accidental threat to breath-

ing—ATB (100%) and deaths of undetermined intent—

UND (75%) in NYC between 2000 and 2003. We included

in the analysis only the subset of SUIDs that could possibly

be associated with accidental SRF, that is ATB and UND

deaths, and excluded SIDS since it is not a certification

option in NYC if environmental hazards are present at

death [23]. This analysis was possible because there was an

explicit and consistent standard protocol in place for

investigating infant deaths during this time period. By

including the UND deaths in the analysis with the ATB

deaths, the total number of infant deaths with SRF in NYC

increased three-fold. Had the UND deaths not been inte-

grated, the majority of deaths with SRF would have

remained hidden. Surfacing these deaths is a critical step

towards infant mortality reduction since they comprise a

large number of preventable infant deaths [19].

Table 3 Sleep characteristics among SUIDs with SRFs, NYC,

2000–2003

Characteristics ATB UND

N % N %

Position

Prone 7 (36.8) 33 (47.8)

Supine 3 (15.8) 14 (20.3)

Side 2 (10.5) 10 (14.5)

Adult Arms 2 (10.5) 0 (0.0)

Unknown 5 (26.3) 12 (17.4)

Location

Adult bed 10 (52.6) 45 (65.2)

Crib 5 (26.3) 11 (15.9)

Couch/sofa 0 (0.0) 5 (7.2)

Othera 3 (15.8) 8 (11.6)

Unknown 1 (5.3) 0 (0.0)

Bedsharing

Any Bedsharing 10 (52.6) 48 (69.6)

With adult(s) only 8 (80.0) 35 (72.9)

With children only 2 (20.0) 1 (2.1)

With children and adults 0 (0.0) 12 (25.0)

No bedsharing 5 (26.3) 18 (26.1)

Unknown 4 (21.1) 3 (4.3)

Position among bedsharing infants:

Bedsharing and prone 2 (20.0) 18 (37.5)

Bedsharing and side 1 (10.0) 7 (14.6)

Bedsharing and supine 2 (20.0) 13 (27.1)

Unknown position 5 (50.0) 10 (20.8)

Position among non-bedsharing infants

Alone and prone 3 (60.0) 14 (77.8)

Alone and side 1 (20.0) 3 (16.7)

Alone and supine 0 (0.0) 0 (0.0)

Unknown position 2 (40.0) 1 (5.6)

Abbreviations: ATB accidental threat to breathing (ICD-10 W75 &

W84), UND deaths of undetermined intent (Y10-Y34), SRF sleep-

related factors
a Stroller/carriage, floor, playpen, mother’s arms
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Despite considerable discussion about establishing

mandatory national standards for defining, investigating

and certifying SUIDs, there is still wide variation across the

country [1, 13, 25]. In order to improve the comparability

of local and state statistics that estimate the impact of SRF

on infant mortality, criteria used by local medical exam-

iners to categorize SUIDs must be explicit [26]. To our

knowledge, our study is the first to illustrate on a local level

the importance of knowing how SUIDs are certified so that

the correct outcome or outcomes are investigated.

Our analysis drew on both death certificate and medical

examiner data to describe the infants at greatest risk for

sleep-related death. From the death certificate data, we

determined that the infants at highest risk for both ATB and

UND deaths with SRF were male, born to teen mothers,

Black non-Hispanic, and preterm. These findings are con-

sistent with other studies in large urban populations [27–29].

Although the rate of death was not significantly higher for

male infants, the difference is likely meaningful since male

infants generally have higher mortality rates [30]. Poverty

may explain higher rates of death for infants of teens, as teen

mothers are more likely to be socioeconomically unstable

and living in crowded and unstable housing, all factors that

could increase the risk of a death with SRF [31]. The finding

that black non-Hispanic infants had a higher death rate than

other race/ethnic groups is not unique; black infants have

higher rates of infant mortality due to most causes of death

compared to whites [32]. The majority of deaths occurred at

2–4 months of age, a vulnerable age for infants documented

in the literature [33]. Additionally, our analysis showed that

preterm infants had a higher death rate. It is well established

that infants born premature or with low birthweight have an

increased risk of SUID. However, no recent studies indicate

that preterm infants have a different peak age of vulnerability

for SUID from term infants [34, 35].

A unique strength of our study was our ability to draw

on linked NYC medical examiner and death certificate

data—including autopsy and death scene investigation

findings—to provide detailed information on the sleep-

related context surrounding the deaths. Nationally, there is

no standard for inclusion of the medical examiner number

on the death certificate. We estimate that of the 88 SUIDs

that were able to be classified as sleep-related, 66% were

bedsharing at the time of death. This finding is similar to

other studies demonstrating bedsharing as a risk factor for

SUID, though this literature can often be difficult to gen-

eralize from because different death outcomes (e.g.,

asphyxia, suffocation, deaths classified as SIDS) are

included and case definitions are not always clearly defined

[17, 27, 28, 36–40]. Nonetheless, most studies report the

risk of death to be significantly higher for bedsharing

infants compared to those sleeping in cribs, with maternal

smoking compounding the risk [41, 42].

In our study the bedsharing infants were found in a

variety of positions (i.e., supine, prone, and side). While

supine sleeping is the recommended position for infants, it

may be irrelevant for infants who bedshare, because bed-

sharing itself can pose a serious risk due to the potential for

overlay of the infant by the bedsharer or wedging of the

infant between the wall and bed [1]. Infants sleeping alone

and in a crib were mainly found prone and/or side position

and among soft bedding.

The study also has some limitations. As with many

analyses examining the association of bedsharing and

infant death, we were unable to determine whether the

sleep practices of infants who died from sudden and

unexpected causes differed from infants who died of other

causes, or who survived the first year of life. The bed-

sharing prevalence in our study (66%) is comparable to that

reported in national and local surveys. In the National

Infant Sleep Position Study, 45% of US mothers reported

‘‘sometimes’’ putting their infants in an adult bed at night

[43]. In a representative sample of new mothers in NYC,

46% indicated that they ‘‘always’’, ‘‘often’’ or ‘‘some-

times’’ bedshared; Asian/Pacific Islander (64%) and black

non-Hispanic (59%) mothers, and mothers 19 and under

(52%) and those 20–24 (55%) were the most likely to

bedshare [44]. The comparability of bedsharing propor-

tions between infants who died and estimates from the

general population suggests the need to elucidate the other

factors (e.g., smoking, maternal weight, and breastfeeding)

that both protect and put some bedsharing infants at greater

risk than others [17, 31]. Because we analyzed secondary

data collected for purposes other than this study, we were

limited in our ability to assess these relevant contributing

factors. Much of the data on smoking and maternal weight,

for example, was missing or inconsistent. Future primary

data studies may be better suited to concentrate efforts on

collecting these important cofactors more accurately and

completely.

A further limitation of our study is not having infor-

mation on all three SRFs (position, location and bedsharing

status) for many of the ATB and UND deaths. This

underscores the difficulty of death certification for infants

who are otherwise healthy and die suddenly. Many unde-

termined deaths, while having characteristics similar to the

ATB deaths, are classified as undetermined precisely

because there is some missing information without which it

cannot definitively be certified as ATB. Often, a witnessed

account of the death may not be possible, and death scene

investigators rely on grieving parents or caregivers who

may have poor recall of infant position and location at

death. Furthermore, infants may be transferred to another

location for resuscitation, making it unlikely that the

investigator finds the infant in the position and location in

which it died [17].
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In response to the high prevalence of unsafe sleep

practices among SUIDs in NYC, the NYC DOHMH

adapted a national program to prevent sleep-related deaths.

The Cribs for Kids program began in 2007 in NYC with the

goal of providing safe sleep education and a safe crib to

NYC low income families [45]. The program is now being

implemented in the NYC Newborn Home Visiting Pro-

grams in Brooklyn, Harlem and the Bronx, the NYC

Department of Homeless Services, and the NYC Nurse-

Family Partnership; to date 3,148 cribs have been distrib-

uted. Further OCME reviews are being conducted so that

the data continues to inform our prevention efforts.

In conclusion, our knowledge of the infant death scene

investigation and certification protocols used by the NYC

OCME ensured that the SRF estimates presented in this

analysis were based only on infants for whom SRFs could

have contributed to the death, and excluded those for whom

it could not be contributory (e.g., SIDS). Consequently, our

study found a high prevalence of modifiable SRFs—notably

bedsharing or sleeping prone—among both the ATB and

UND deaths; and by including the UND deaths in the

analysis, the prevalence of deaths with SRF tripled. In order

to gain insight and to avoid these potentially preventable

deaths, adherence to standard death investigation and cer-

tification protocols and consistent collaboration with local

medical examiners is required, along with continued safe

sleep education to families most at-risk and their providers.
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