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IMPORTANCE Abusive head trauma (AHT) is a serious condition, with an incidence of
approximately 30 cases per 100 000 person-years in the first year of life.

OBJECTIVE To assess the effectiveness of a statewide universal AHT prevention program.

DESIGN, SETTING, AND PARTICIPANTS In total, 88.29% of parents of newborns (n = 405 060)
in North Carolina received the intervention (June 1, 2009, to September 30, 2012).
A comparison of preintervention and postintervention was performed using nurse advice
line telephone calls regarding infant crying (January 1, 2005, to December 31, 2010).
A difference-in-difference analysis compared AHT rates in the prevention program state with
those of other states before and after the implementation of the program (January 1, 2000,
to December 31, 2011).

INTERVENTION The Period of PURPLE Crying intervention, developed by the National Center
on Shaken Baby Syndrome, was delivered by nurse-provided education, a DVD, and a
booklet, with reinforcement by primary care practices and a media campaign.

MAIN OUTCOMES AND MEASURES Changes in proportions of telephone calls for crying
concerns to a nurse advice line and in AHT rates per 100 000 infants after the intervention
(June 1, 2009, to September 30, 2011) in the first year of life using hospital discharge data for
January 1, 2000, to December 31, 2011.

RESULTS In the 2 years after implementation of the intervention, parental telephone calls
to the nurse advice line for crying declined by 20% for children younger than 3 months
(rate ratio, 0.80; 95% CI, 0.73-0.87; P < .001) and by 12% for children 3 to 12 months old
(rate ratio, 0.88; 95% CI, 0.78-0.99; P = .03). No reduction in state-level AHT rates was
observed, with mean rates of 34.01 person-years before the intervention and 36.04
person-years after the intervention. A difference-in-difference analysis from January 1, 2000,
to December 31, 2011, controlling for economic indicators, indicated that the intervention did
not have a statistically significant effect on AHT rates (β coefficient, −1.42; 95% CI, −13.31 to
10.45).

CONCLUSIONS AND RELEVANCE The Period of PURPLE Crying intervention was associated
with a reduction in telephone calls to a nurse advice line. The study found no reduction in
AHT rates over time in North Carolina relative to other states. Consequently, while this
observational study was feasible and supported the program effectiveness in part, further
programmatic efforts and evaluation are needed to demonstrate an effect on AHT rates.
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A busive head trauma (AHT), also known as shaken baby
syndrome, is a rare but severe form of child maltreat-
ment. Incidence studies1-3 in the United States and

abroad have reported AHT rates ranging from 24.0 to 29.7 cases
per 100 000 person-years in the first year of life. Shaken baby
syndrome was characterized in 1972 as a pattern of injuries
marked by subdural hematomas, long-bone fractures, and reti-
nal hemorrhages, with few signs of external injury.4 The con-
sequences of AHT are severe. One-fourth of maltreated chil-
dren die, and long-term neurological, developmental, and
cognitive sequelae are the norm.1,5-8 Financial costs are enor-
mous. Medical costs alone attributable to AHT in the 4 years
after diagnosis average approximately $48 000 per affected
child.9

In previous studies, AHT prevention education has been
shown to increase awareness and understanding by parents.
Specifically, AHT education increases parental knowledge of
infant crying, the most significant trigger for AHT.10 In a
survey of 7051 women who had received AHT education,
96% recommended continuing the program, and 98%
reported that it was helpful in a posttest analysis.11 In addi-
tion, parents can be taught to share information about AHT
prevention with other caregivers.12,13 However, to our
knowledge, research on the effect of universal AHT preven-
tion programs on AHT rates has been limited. Two previous
studies14,15 of AHT using preintervention and postinterven-
tion designs reported significant effects of an intervention.
Using a case-control design, a third study16 reported that a
reduction in AHT was associated with a control exposure
(routine newborn education) rather than AHT prevention
education.

This article describes a universal AHT prevention pro-
gram delivered to 405 060 parents of newborns in North
Carolina. The intervention, the Period of PURPLE Crying,
teaches parents about normal infant crying and the dangers
of shaking. The educational materials for this program had
been previously evaluated in Vancouver, British Columbia,
Canada (delivered by visiting home nurses) and in Seattle,
Washington (delivered at prenatal classes, maternity wards,
and pediatric office practice visits to compare the 3 settings
for delivery).12,13 No differences in discernible knowledge
level were observed as a result of the use of the educational
materials among the 3 settings in Seattle.13 The Period of
PURPLE Crying has the following 2 goals: (1) to support care-
givers in their understanding of early increased crying in
infancy and (2) to reduce the incidence of AHT. To assess
caregiver support behaviorally, we examined changes in the
number of telephone calls to an after-hours nurse advice
line for infant crying before and after implementation of the
intervention. To assess whether there was a reduction in
AHT cases, we performed a difference-in-difference analysis
of AHT rates over time in North Carolina and 5 comparison
states (New York, Arizona, Colorado, Wisconsin, and Mary-
land). Based on a previous study,15 we hypothesized that
the Period of PURPLE Crying intervention would reduce
AHT by 50% from a previously determined baseline and
that no such decrease would be seen in the comparison
states.

Methods

Intervention
The Period of PURPLE Crying is a proprietary, research-based
intervention developed by the National Center on Shaken Baby
Syndrome. The program materials include a DVD and a book-
let that are given to new parents before hospital discharge. The
program focuses on healthy infant crying, the dangers of shak-
ing, and the importance of sharing information with other care-
takers. It is based on more than 50 years of research on the char-
acteristics of crying in healthy infants and describes the typical
crying peak during the second month of life, the presence of
unsoothable crying, and the danger of crying as a stimulus for
caregiver frustration and shaking.10

The program was conceived as a 3-dose delivery of the in-
tervention. Dose 1 was a North Carolina statewide universal
intervention that included all parents of newborns receiving
3 minutes of education by a nurse, reading the booklet, and
watching the video before hospital discharge. Parents re-
ceived copies of the materials for later review and sharing with
other caretakers. The implementation process required re-
cruiting hospitals, signing of a memorandum of understand-
ing, training at least 80% of staff, and going live with an event.
Each hospital had a volunteer program coordinator, nurses, or
other staff who delivered the intervention after receiving stan-
dardized training (in-person or online). Dose 2 was a reinforc-
ing message delivered in most primary care medical offices dur-
ing visits in the first month of life. Dose 2 was not universal
because of the large number of primary care practices and the
project budget limitations. Dose 3 was a media campaign that
included paid radio commercials in 3 of 6 large media mar-
kets in the state. Details of the intervention, hospital train-
ing, evaluation, and media campaign have been reported
elsewhere.17-20 In 2007, two North Carolina hospitals served
as pilot sites to test the processes of enrollment and imple-
mentation. Statewide implementation occurred over 18
months. Hospital recruitment began January 2, 2008, with
80% of North Carolina hospitals implementing the interven-
tion by January 1, 2009, and 100% by June 1, 2009. In total,
88.29% of parents of newborns (n = 405 060) born June 1,
2009, to September 30, 2012, received the Period of PURPLE
Crying intervention. Dose 2 was implemented in January 2,

At a Glance

• The objective was to study the effectiveness of a statewide
abusive head trauma prevention program (the Period of PURPLE
Crying, developed by the National Center on Shaken Baby
Syndrome).

• Parental telephone calls to a nurse advice line for crying in
children younger than 3 months declined by 20% (P < .001).

• No reduction in North Carolina’s state-level abusive head trauma
rate was observed. A difference-in-difference analysis from
January 1, 2000, to December 31, 2011, controlling for economic
indicators, indicated that the intervention did not have a
statistically significant effect on abusive head trauma rates
(β coefficient, −1.42; 95% CI, −13.31 to 10.45).
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2010, with ongoing message reinforcement efforts in pri-
mary care settings throughout the project period. Dose 3 was
implemented January 1 to September 30, 2009, but a sus-
tained media campaign effort was possible for only 9 months
because of budget limitations. All study procedures were ap-
proved by the University of North Carolina Committee on Hu-
man Subjects Research.

Nurse Advice Line Telephone Calls
Data from an after-hours nurse advice line provided by Uni-
versity of North Carolina hospitals that triages telephone calls
from physicians’ offices statewide (68 practices) were ana-
lyzed to assess changes in telephone call rates for advice about
crying. These data were not collected for study purposes but
rather were for a secondary analysis of reasons for calling for
after-hours nurse or medical advice. This assessment was for
telephone calls about crying not likely to be associated with
illness. The nurse advice line is a proprietary service, and par-
ticipating practices pay for the service. The practices are dis-
tributed across North Carolina but are not assumed to be rep-
resentative of the state. The practices changed little over the
study period although the total volume of telephone calls grew
modestly. Therefore, a preintervention and postintervention
comparison is valid even if the results are not generalizable to
parents or practices outside of the sample. The number of chil-
dren served by the practices is not known by the agency pro-
viding the service. All telephone calls to nurses were logged
by the advising nurse and coded by subject matter, child age,
and physician office. We obtained data for yearly total tele-
phone calls from January 1, 2006, to December 31, 2010. We
calculated the proportion of crying-related telephone calls in
children younger than 3 months and in children between 3
months and 12 months old. Telephone calls were coded con-
servatively as calls regarding “crying” if no other symptoms
were mentioned, consistent with our interest in parental be-
havior related to the response to a crying infant when no other
symptoms of disease were present. We compared the propor-
tions of these telephone calls about crying for the 3 years be-
fore vs the 2 years after implementation of the intervention
by calculating a rate ratio.

Difference-in-Difference Model
A difference-in-difference analysis was performed to evalu-
ate the effects of the intervention on AHT rates and to control
for possible effects of an economic recession on AHT rates.21

An interrupted time series of AHT rates in North Carolina was
compared with a time series in states without the interven-
tion using ordinary least squares regression analysis.

State inpatient databases were purchased from the Health-
care Cost and Utilization Project, Agency for Healthcare Re-
search and Quality, for North Carolina and 5 other states. The
comparison states (New York, Arizona, Colorado, Wisconsin,
and Maryland) were chosen after consultation with the Na-
tional Center on Shaken Baby Syndrome to identify states with
little or no use of the Period of PURPLE Crying among local pre-
vention efforts. These states were chosen from 14 states with
complete hospital discharge data available at low cost. We iden-
tified states (among the 14 with available data) having the few-

est hospitals ordering the Period of PURPLE Crying materials
for hospital-based programs. These 5 states had 3 to 8 hospi-
tals implementing the intervention. In the difference-in-
difference analysis, the relevant measure is the state-level AHT
rate. Child maltreatment prevention programs implemented
before the intervention herein should not affect the results.
For example, before and during the study period, New York
State had a widespread universal AHT prevention program,
with some characteristics similar to those of our program. How-
ever, that program was implemented well before the present
study period and should not have contributed to a change in
AHT rates during the study period. To assess the appropriate-
ness of the comparison states, we examined their AHT rates
before and after the study period. There is no obvious benefit
in choosing states demographically similar to North Carolina
in this type of analysis because the relevant issue is the pre-
intervention trend in AHT rates over time.

A previously established International Classification of Dis-
eases, Ninth Revision, coding algorithm was used to calculate
yearly state-level AHT rates in children younger than 1 year.2,22

Given that the intervention herein was implemented during
the most significant economic recession (December 2007 to
June 2009) since the Great Depression,23 we used midyear un-
employment rates (http://www.bls.gov/lau/#tables) and mort-
gage foreclosure data (http://www.corelogic.com) as eco-
nomic control data in the event that the recession may have
differentially affected AHT rates in some states. The mort-
gage foreclosure rate is the number of mortgages in foreclo-
sure divided by the total number of mortgages in a year. We
also included controls for year and state indicators.

Results
Nurse Advice Line Telephone Calls
From January 1, 2006, to December 31, 2010, an average of
19 013 (range, 13 868-21 200) yearly after-hours calls were re-
ceived by the nurse advice line about children younger than 1
year. For the 3 years before implementation of the interven-
tion, 4% of telephone calls regarding children 3 to 12 months
old and 7% of telephone calls regarding children younger than
3 months were for crying. In the 2 years after implementation
of the intervention, parental telephone calls to the nurse ad-
vice line for crying declined by 20% for children younger than
3 months (rate ratio, 0.80; 95% CI, 0.73-0.87; P < .001) and by
12% for children 3 to 12 months old (rate ratio, 0.88; 95% CI,
0.78-0.99; P = .03). After the intervention, a smaller propor-
tion of telephone calls to the nurse advice line were for cry-
ing, without other reported symptoms.

Difference-in-Difference Analysis
Abusive head trauma rates in North Carolina calculated from
hospital discharge data ranged from 25.0 to 44.9 per 100 000
person-years between January 1, 2000, and December 31, 2011.
The year-to-year variation in annual AHT rates in North Caro-
lina and the comparison states is shown in the Figure. Inspec-
tion of the data indicates that state AHT rates varied widely
from year to year because AHT is rare. Overall, there was no
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obvious trend in AHT rates among the comparison states. North
Carolina had mean AHT rates of 34.01 per 100 000 person-
years before the intervention and 36.04 per 100 000 person-
years after the intervention for children younger than 1 year.
The comparison states had mean AHT rates of 33.22 per
100 000 person-years before the intervention and 33.41 per
100 000 person-years after the intervention for children
younger than 1 year. The adjusted difference-in-difference
analysis indicated that the intervention did not have a statis-
tically significant effect on AHT rates (P = .81). In the Table,
the β coefficient of interest is the difference-in-difference co-
efficient in the adjusted model.

Discussion
After implementation of the Period of PURPLE Crying inter-
vention, the number of telephone calls to a nurse advice line,
especially those regarding infants younger than 3 months, sig-
nificantly declined. However, no reduction in state-level AHT
rates was identified using a difference-in-difference analysis
to compare AHT rates in North Carolina with AHT rates in 5
selected comparison states over time, controlling for 2 eco-
nomic indicators.

This study has several strengths and limitations. Strengths
include that a large-scale AHT prevention project was success-
fully delivered with a high degree of fidelity to parents of ap-
proximately 88% of the newborns in North Carolina over a
4-year period.20 The setting was a large state, resulting in many
cases with which to estimate reliable AHT rates. The use of an
econometric difference-in-difference analysis to better esti-
mate the effects compared with nonintervention control states
is an important method to consider for the field of child mal-
treatment prevention research.

Limitations include that the study was a preintervention
and postintervention design and not a randomized clinical trial.
Randomized clinical trials may not be feasible when evaluat-
ing statewide or universal interventions, especially for rare ill-
nesses. Although the distribution of the intervention pro-

gram was high, with approximately 88% of parents of newborns
in North Carolina receiving the AHT prevention education, it
is unknown whether those not exposed to the intervention
were at highest risk for AHT. Furthermore, we were not able
to examine whether perpetrators of AHT were exposed to the
program. Although 27% of parents reported showing the DVD
and 32% reported showing the booklet to someone else after
hospital discharge,20 we cannot know with certainty that the
program reached caregivers who were not present at the hos-
pital. The comparison states were chosen based on expert opin-
ion and knowledge of the use of this program in potential states,
as well as the low cost of data sets. Regional or local preven-
tion efforts may have been implemented and not known to us.
The primary outcome, AHT rates, is based on administrative
claims data. Claims may be subject to regional and temporal
variation because they are intended primarily to support bill-
ing and not for research or surveillance. However, the use of
claims data for AHT research has been empirically validated
with death certificate data and shown to have high sensitiv-
ity and specificity compared with data abstracted from medi-
cal records.24-26

Although this study, to our knowledge, represents the larg-
est intervention investigation of an AHT prevention program
with a comprehensive evaluation to date, the sample size was
limited in 2 ways. First, the study was powered to show a 50%
reduction in AHT cases from January 1, 2001, to December 31,
2002, baseline period based on a previous trial of a different
prevention program that reported a 47% reduction in the AHT
rate.15 That degree reduction may have been ambitious. Sec-
ond, the difference-in-difference analysis used each state’s
yearly AHT rate as an observation. Therefore, the full model
included only 72 observations, which limited the analytic
power. Furthermore, only 3 years of data were available after
implementation of the intervention in North Carolina, repre-
senting an important power limitation. These trends should
be reexamined when more years of data become available.

In contrast to the results of 2 previous studies14,15 regard-
ing a different universal AHT prevention program, our pri-
mary outcome failed to support the hypothesized decrease in

Figure. State-Level Abusive Head Trauma (AHT) Rates for Children Younger Than 1 Year in North Carolina
and 5 Comparison States
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AHT rates for children younger than 1 year. Findings are often
not replicated from intervention trials, especially when using
nonrandomized designs.27 In the present study, the interven-
tion and AHT data collection occurred during an economic re-
cession, which has previously been associated with increases
in AHT.28-31 We used a difference-in-difference analysis to as-
sess the effect of the intervention over time, controlling for the
economic indicators of state-level unemployment and mort-
gage foreclosure rates. The latter variable was associated with
a change in AHT rates in one of 2 analyses in which it was
assessed.30,31 However, it is uncertain whether these or other
economic indicators that we did not include in our model are
most appropriate. The variables we used represented state-
level economic conditions in a given year, which may have
masked considerable heterogeneity in the effect of the eco-
nomic recession within the states.

The Period of PURPLE Crying intervention program may
have other important benefits. It has been shown to increase
parents’ knowledge about infant crying and their sharing of

this information with other caregivers.12,13 In addition, most
hospitals in this study reported their likelihood to continue
using the program once the materials were no longer pro-
vided through the research study because of its simplicity, qual-
ity, and ease of use and implementation.20 In another juris-
diction, the program was associated with a 29.5% reduction
in emergency department visits for crying not associated with
physical disease.32 Other positive outcomes of the program,
such as reduced parental stress or frustration, are as yet un-
reported and may hold promise.

Given the high economic, societal, and familial costs of
AHT, efforts should continue to develop and rigorously test pre-
ventive interventions. The use of targeted populations or more
intensive prevention efforts may be more effective. For ex-
ample, AHT education might be included in visiting home
nurse programs directed to those at highest risk with or with-
out universal education. Child abuse preventionists should con-
sider policy options that create a context more supportive of
parenting, such as those that support income stability and high-
quality early care and education.33

Conclusions
This study is an important contribution to the growing body
of literature on AHT and child abuse prevention programs. Our
analyses found an association of the Period of PURPLE Crying
intervention with a reduction in telephone calls to a nurse ad-
vice line. However, the study failed to demonstrate a de-
crease in state-level AHT rates. It may be that the interven-
tion was ineffective, the study was underpowered, the
follow-up was too brief, or a decrease in cases may have been
obscured by unmeasured confounding. Future research should
use the most robust methods available to establish a causal re-
lationship between prevention programs and AHT.
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Unadjusted Adjusted
Difference in difference 1.84

(−16.05 to 19.73)
−1.42
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(−5.54 to 3.66)
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(−1.94 to 5.91)

Abbreviations: AHT, abusive head trauma; NA, not applicable.
a β coefficient and 95% CIs are reported. Adjusted model controls for state and

year indicators, 90-day foreclosure rates, and unemployment rates.
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