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Abstract

Aim: To examine the acoustic features of crying demonstrated by infants whose older sibling died of

sudden infant death syndrome (SIDS) and compare these features to a nonrisk group of infants.

Methods: Pain-induced crying episodes were collected from a group of healthy term (HT) infants and

siblings of SIDS infants. One complete crying episode was obtained from each infant and analyzed

acoustically with regard to durational and spectral features.

Results: The cries of SIDS siblings were found to be significantly higher in pitch and reflected

hyperadductory vocal fold vibratory behaviour compared to the HT group. There were no group

differences with regard to durational features of crying.

Conclusions: The laryngeal behaviour of infant crying, as inferred via acoustic analyses, differs between HT

infants and siblings of SIDS infants. Accordingly, acoustic features of infant crying may serve as an additional

diagnostic marker in the identification of children who may be at risk for SIDS.

INTRODUCTION

Identifying the precise cause of sudden infant death syn-

drome (SIDS) remains elusive. A recent policy statement

issued by the American Academy of Pediatrics (AAP) sug-

gests that SIDS is caused by a maldevelopment or delay in

maturation of the brainstem neural network that is respon-

sible for arousal and affects physiological responses to life-

threatening challenges during sleep (1). The occurrence of

SIDS in the United States has reduced by approximately

50% in the past 15 years, which has been attributed to the

‘Back to Sleep’ campaign advocated by the AAP. The major

message proffered in this campaign is that infants should be

placed for sleep in a wholly supine position.

Among industrialized countries, SIDS continues to be the

number three cause of death after congenital malformations

and disorders related to short gestation (2). The search for

factors that may predispose an infant to SIDS has yielded

a long list of environmental, anthropometric, familial and

physiological correlates (3). One common line of investiga-

tion has been to examine various infant groups thought to

be at a particularly high risk for SIDS. These groups include

preterm infants, low birthweight infants, infants experienc-

ing an idiopathic apparent life-threatening event (ALTE), as

well as siblings of SIDS (4). Although the first two groups

have been consistently identified as independent risk fac-

tors for SIDS (3), the link between SIDS and the latter two

groups is less clear. For example, over 30 years ago Stein-

schneider (5) suggested that prolonged sleep apnea (an ab-

normality found in ALTE infants) was a contributing factor

to SIDS. However, more recent research has not supported

a direct relationship between the two events (6).

Rarest among these risk groups are siblings of SIDS ba-

bies, who by their very nature represent a small but unique

categorization of infants. The risk of SIDS recurring in sib-

lings is controversial. There is research to suggest that SIDS

shows a strong sibship aggregation compared to the general

population, indicating a genetic or biological predisposition

(7). However, there is also research suggesting that the risk

of a later sibling dying from SIDS is no higher than that of

the general population (8). There is also a suggestion that

SIDS siblings may be at a lower risk for SIDS compared

to the general population. This scenario could be a conse-

quence of parents more likely being acutely aware of the

steps necessary to reduce risk, including the ‘Back to Sleep’

recommendation (9).

At present, there seems to be no unified agreement

that siblings of SIDS infants demonstrate physiological or

behavioural characteristics that differ from the general pop-

ulation of healthy term (HT) infants (3). The current study

was designed to examine whether cry physiology served to

differentiate SIDS siblings from HT infants. Acoustic anal-

ysis of crying behaviour provides a noninvasive means of

correlating an infant’s neurobehavioural integrity with sta-

bility of laryngeal coordination (10). More often than not,

various acoustic features of the cries of unhealthy infants

are clearly different from the cries of healthy infants (11).

On the basis of past physiological research sited above,

one would predict that the crying behaviour of SIDS sib-

lings would either (a) not differ from the general popula-

tion of infants or (b) would parallel that of SIDS infants.

At present there is a large database concerning the acoustic

characteristics of crying in HT infants (12) but there are min-

imal studies evaluating the crying behaviour in SIDS. Stark

and Nathanson (13) obtained cry samples from a 4-day-

old infant who died of SIDS at 6 months of age. The in-

fant’s cries were found to be of shorter duration and having

a higher pitch (e.g. fundamental frequency = Fo) than HT

C©2007 The Author(s)/Journal Compilation C©2007 Foundation Acta Pædiatrica/Acta Pædiatrica 1



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

SIDS siblings and crying Robb et al.

infants. In contrast, Colton and Steinschneider (14) evalu-

ated the cries in one SIDS infant and found the cries to be of

long duration, with a low Fo, and low vocal tract resonance

(e.g. formant frequencies) compared to HT infants. Corwin

et al. (15) examined 12 SIDS infants and obtained results

that did not fully support either of the earlier two studies.

Specifically, cry duration did not differ between SIDS and

HT infants. However, the SIDS infants were found to have a

high Fo, which confirmed the previous observation by Stark

and Nathanson (but conflicts with Colton and Steinschnei-

der). In addition, the SIDS infants examined by Corwin et al.

produced cries with significantly higher formant frequencies

compared to HT infants, which was opposite to the pattern

reported by Colton and Steinschneider. Needless to say, a

great deal remains to be resolved concerning the definitive

crying behaviour of SIDS infants.

We found one comprehensive study evaluating the cry

characteristics of SIDS siblings, the results of which sug-

gest a subtle similarity to the cries of SIDS infants. Colton

et al. (16) compared the cries of SIDS siblings to groups of

HT and preterm infants during the first and fourth weeks of

life. The researchers found SIDS siblings to differ from the

comparison groups primarily during the first week of life.

The SIDS siblings produced cries with significantly greater

loudness in the high spectral regions (4–8 kHz) compared

to the other groups. In addition, the SIDS siblings produced

cries with an average cry Fo that was approximately 40

Hz lower (though statistically nonsignificant). These results

were found to match the crying behaviour demonstrated in

an SIDS infant; however, the spectral energy and Fo was

more extreme in the SIDS infant (14).

The current study examined the acoustic features of crying

demonstrated by SIDS siblings compared to a group of HT

infants. The study wasmotivated by a number of issues. First,

there is uneven evidence to date that SIDS siblings present

physiological or behavioural characteristics that are differ-

ent from the general population of infants (4). Second, past

research evaluating the crying behaviour of SIDS siblings

are suggestive of abnormal laryngeal behaviour; however,

this documentation is based on one study performed over

20 years ago. Third, past research evaluating the cries of

SIDS infants have yielded conflicting results. Therefore,

comparison of the cries of SIDS siblings with past results

reported for SIDS infants may help to isolate the distinct

features of crying in SIDS infants. The general research

question posed in the present study was, “Do the cries of

siblings of SIDS infants differ significantly from those of HT

infants?”

METHOD

Participants

Data for the current study were collected as part of the Col-

laborative Home Infant Monitoring Evaluation (CHIME)

Study, a program supported by the National Institute of

Child Health and Human Development, National Institutes

of Health. A primary objective of the CHIME study was to

assess cardiorespiratory events documented by home moni-

toring in infants at high epidemiologic risk for SIDS. The in-

fants examined in this study were selected from among 228

infants delivered at Kapiolani Medical Center for Woman

and Children, Honolulu, Hawaii, who participated in the

CHIME study. The local institutional Review Board pro-

vided ethical approval for the study. Cry samples were col-

lected from 23 HT and 6 siblings of SIDS infants. The HT

infants were randomly selected from the entire group of HT

participants. The SIDS siblings comprised the total number

of such participants among the sample of 228 infants. In-

formed consent was obtained from each of the 29 mothers.

The pregnancy and delivery of the HT infants were with-

out complications. The mean gestational age of the HT in-

fants was 39.5 weeks (±1.0 wk) with an average birth weight

of 3312 g (±326 g). The mean Apgar scores at 1 min and

5 min were 7.8 (±1.0) and 8.9 (±0.2), respectively. The HT

infants showed no signs of apnea or idiopathic ALTEs. In

addition, there was no family history of SIDS in the last

10 years. A portion of the cry data collected for the HT in-

fants have been reported in Robb et al. (17). The data are

included in the present study to serve as a comparison to

the SIDS siblings.

The mean gestational age of the SIDS siblings was

38.7 weeks (±1.8 wk) with an average birth weight of 3339 g

(±564g). The mean Apgar scores at 1 min and 5 min were

7.6 (±1.8) and 8.6 (±1.5), respectively. The primary criterion

for inclusion in the group of SIDS siblings was that a previ-

ous full or half sibling succumbed to SIDS (documented by

autopsy). For both groups of HT and SIDS siblings, addi-

tional exclusion criteria were applied to eliminate evidence

of underlying clinical pathology. Infants were excluded if

they had any of the following: current pneumonia con-

firmed by chest X-ray, congenital heart disease, ventricular-

peritoneal shunt, chromosomal abnormality, midface

hypoplasia or cleft palate, inborn error of metabolism,

caregiver currently using illicit drugs, or inability to

communicate (language barrier or no telephone; 4).

Each infant was audio recorded in the laboratory within

2 weeks following birth. Cries were elicited via administra-

tion of a pain stimulus to the sole of the infant’s right foot.

The pain stimuluswas delivered by a 5-cm stainless steel wire

attached via a spring to a heel block. One complete crying

episode was obtained from each infant in a supine position.

An episode of crying commenced with the first audible cry

following administration of a pain stimulus. The completion

of a crying episode was noted as the last audible cry that

was followed by a minimum of 15 sec of silence. All cries

were audio recorded using a condenser microphone (Realis-

tic 33–1052) coupled to a cassette recorder (Marantz PMD-

360). The microphone was situated at a constant 15 cm from Q1

the infant’s mouth. An audible tone was time-locked to ad-

ministration of the pain stimulus and served as an acoustic

reference for measurement of cry latency.

Acoustic analysis and measurements

The entire crying episodes were analyzed using an integrated

computer hardware-software package (KAY CSL-4300).

Each audio-recorded crying episode was digitized at 16 kHz
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and displayed as an amplitude-by-time waveform. A num-

ber of acoustic measurements were selected in an attempt

to identify possible differences in cry physiology between

HT infants and SIDS siblings. The cry features measured al-

lowed for characterization of the acoustic signal according

to respiratory and laryngeal influences. The specific mea-

surements were as follows:

Overall cry duration: It is defined as the onset and offset

of acoustic energy across the entire crying episode.

Number of expiratory cries: It is defined as the onset and

offset of visible acoustic energy that was perceived to occur

on the expiratory phase of the respiratory cycle. Cry seg-

ments were bound by visible breaks (or silent periods) in

the waveform.

Cry ratio: It is defined as the ratio of the overall cry du-

ration to the number of expiratory cries produced by each

infant. The ratio was assumed to provide an estimate of the

proportion of time each expiratory cry consumed during the

entire crying episode.

Cry latency: It is defined as the time elapsed between the

administration of the pain stimulus, as indicated by an au-

dible tone, and the onset of cry phonation. The measure is

assumed to reflect the time for the central nervous system

(CNS) to interpret the pain stimulus.

First spectral peak (FSP): Using a pair of vertical cur-

sors superimposed over the waveform of the entire crying

episode, the nonvoiced portions of the waveform were sys-

tematically removed, leaving a continuous display of phona-

tory behaviour. On the basis of this edited waveform, the

long-term average spectrum (LTAS) was automatically cal-

culated through an averaging of individual fast Fourier trans-

form computations performed every 23 msec across the

entire crying episode. An LTAS analysis serves to average

out the effects of the vocal tract on the acoustic signal, leav-

ing a representation of the vibratory patterns of the vocal

folds (18). The LTAS display provided a relative amplitude-

by-frequency representation of the average energy con-

centrations evident throughout the frequency range of 0–

8000 Hz. The frequency value associated with the first am-

plitude peak in the spectrum (FSP) was taken as the average

Fo across a crying episode. Measurement of FSP across the

entire crying episode is assumed to provide a more reliable

and stable estimate of Fo compared to measurement of indi-

vidual cry utterances.

Spectral tilt (ST): The LTAS display was also used to cal-

culate the ratio of energy (sum of amplitudes) between 0–

1000 Hz and 1000–5000 Hz. The resultant value provides

a neurophysiological representation of how quickly ampli-

tudes of harmonics decline (18).

High-frequency energy (HFE): On the basis of the same

LTAS display used to measure FSP and ST, the total mea-

sured energy (sum of amplitudes) between 5000 and 8000

Hz (35) was calculated to estimate HFE. The amount of

HFE is related to the presence of noise elements during cry

phonation (14,19).

Table 1 Acoustic features of crying episodes obtained from healthy full term

(HT) infants and siblings of SIDS infants∗

Cry feature HT infants SIDS siblings p-level

Number of expiratory cries 17.8 (6.33) 14 (8.28) 0.18

Cry duration (sec) 28.32 (9.55) 25.34 (12.98) 0.53

Cry ratio 1.57 (0.43) 1.81 (0.50) 0.24

Cry latency (sec) 1.10 (0.33) 1.63 (1.50) 0.11

HFE 1535 (448) 1834 (382) 0.14

FSP (Hz) 463 (45) 503 (37) 0.05

ST 0.256 (.06) 0.201 (.01) 0.03

∗The features include the mean number of expiratory cries, mean overall crying

episode duration, mean ratio of overall cry duration-to-number of expiratory

cries, mean cry latency, high-frequency energy (HFE), first spectral peak (FSP)

and the spectral tilt (ST) of the crying episode. Standard deviations are shown

in parentheses. Results of significance testing (p) between the two infant

groups for each cry feature are also shown.

RESULTS

The results obtained for the acoustic analysis of cries are

listed in Table 1. A series of two-tailed t-test were performed

to determine whether the groups of HT infants and SIDS

siblings differed significantly for each of the cry features.

Among the various cry features, two significant differences

were identified between the two groups, specifically FSP and

ST.

DISCUSSION

The present findings would indicate that some, but not

all, features of crying differ between HT infants and SIDS

siblings. The FSP of SIDS siblings was significantly higher

compared to the HT group. In addition, the ST of the cries

produced by SIDS siblings was significantly lower than the

HT group. The high FSP obtained for the SIDS siblings is

probably a result of stressful response to the pain stimuli.

The present group of SIDS siblings was generally heavier

than the HT infants. Therefore, the high FSP obtained for

the SIDS siblings is unlikely due to physical size differences

in vocal folds between the two infant groups. During the

stress of pain, the laryngeal musculature is tightened and

this has the effect of raising Fo (19). The shallow ST demon-

strated by the SIDS siblings indicates that the amplitude of

the harmonic components comprising the cry remained el-

evated across the acoustic spectrum. Alternatively, cries of

the HT infants were characterized by a steep ST, suggesting

that the lower harmonics dominated the spectrum. Lofqvist

and Mandersson (18) state that a shallow ST in combination

with considerable HFE is representative of hyperadduc-

tional vocal fold behaviour. Although HFE was not signifi-

cantly higher among the SIDS siblings compared to the HT

group, the overall mean HFE was noticeably larger among

the SIDS siblings. Considering the exploratory nature of this

study and a general trend for HFE to be higher among the

SIDS siblings (p = 0.14), it seems likely that the combined

results obtained for ST, FSP and HFE are reflective of hy-

peradductional vocal fold vibratory behaviour among SIDS

siblings.
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Based on past research for SIDS siblings (16), it was pre-

dicted that the present group of SIDS siblingswould produce

cries with significantly greater energy in the upper frequency

spectrum, along with the possibility of a lower Fo compared

to HT infants. The present HFE and ST results are in agree-

ment with past reports of high spectral energy in SIDS sib-

lings. However, the FSP results contrast with the previous

Fo findings of Colton et al. The likely explanation for this

difference concerns the manner of cry sampling. Colton et

al. analyzed cries that were produced spontaneously by in-

fants compared to pain-elicited cries used in the present

study. Past research has indicated that spontaneous cries

are likely to be produced with a lower Fo compared to pain

cries (20).

Although the cries of the SIDS siblings differed signifi-

cantly from those of the HT group with regard to measures

of vocal fold vibratory behaviour, no such differences were

found related to temporal parameters of crying. Cry dura-

tion and rate of crying are often used to estimate the role of

the respiratory system in regulating cry behaviour. The av-

erage cry duration of the two groups differed by only 3 sec,

and the proportion of time each expiratory cry consumed

during the entire crying episode (cry ratio) was also similar.

The findings obtained for these measures, paired with the

significant findings for ST and FSP reinforce the suggestion

that the SIDS siblings and HT infants differed primarily with

regard to their laryngeal behaviour.

We hesitate to discard the present results obtained for cry

latency. The SIDS siblings initiated crying following a pain

stimulus approximately 500 msec later than the HT group.

In spite of a small sample of SIDS siblings, the difference

in cry latency between the two groups approached signif-

icance (p = 0.11). The trend for the SIDS siblings to show

longer cry latency thanHT infants provides support for prior

contentions that these infants may have a generalized delay

in the brain circuitry responsible for central arousal (7,21).

This delayed arousal to initiate cry, paired with subsequent

hyperadductory vocal fold vibratory behaviour suggests that

SIDS siblings demonstrated a differential response to pain

stimuli compared to HT infants.

So how do the present results compare with past re-

search identifying acoustic features of crying in SIDS in-

fants? Assuming SIDS infants and their siblings are more

alike than different, there is an expectation that similar cry-

ing behaviours would be apparent. Based on the acoustic

data reported in past SIDS studies (13–15), the present data

provide a hint of a SIDS crying profile. One feature that

appears to clearly differentiate SIDS infants/siblings from

HT infants is in the Fo (or FSP) of crying. Both Stark and

Nathanson (13) and Corwin et al. (15) found a significantly

high Fo in their SIDS infants, and a similar result was found

in the current group of SIDS siblings. In addition, a prevail-

ing feature in cries of both SIDS infants and SIDS siblings is

the occurrence of unusually pronounced energy in the high-

est spectral regions of the cry (14,15). Although there are

methodological issues related to past SIDS studies that pre-

clude considering other possible acoustic indicators (such

as cry latency and formant frequencies), the collective re-

sults would suggest that the laryngeal behaviour of crying

produced by SIDS infants and their siblings provide a di-

agnostic marker of a health condition that should not be

ignored.
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(As above)

(As above)

(As above)

(As above)

linking characters

through character    or

where required

between characters or

words affected

through character    or

where required

or

indicated in the margin

Delete

Substitute character or

substitute part of one or

more word(s)
Change to italics

Change to capitals

Change to small capitals

Change to bold type

Change to bold italic

Change to lower case

Change italic to upright type

Change bold to non-bold type

Insert ‘superior’ character

Insert ‘inferior’ character

Insert full stop

Insert comma

Insert single quotation marks

Insert double quotation marks

Insert hyphen

Start new paragraph

No new paragraph

Transpose

Close up

Insert or substitute space

between characters or words

Reduce space between
characters or words

Insert in text the matter

Textual mark Marginal mark

Please use the proof correction marks shown below for all alterations and corrections. If you 

in dark ink and are made well within the page margins.

wish to return your proof by fax you should ensure that all amendments are written clearly


