
Injury, Int. J. Care Injured xxx (2012) xxx–xxx

G Model

JINJ-5075; No. of Pages 7
A retrospective cohort study of suspected child maltreatment cases resulting
in hospitalization

Lee S. Friedman a,b,*, Shirley Sheppard a, Daniel Friedman b,c

a University of Illinois, School of Public Health, Division of Environmental and Occupational Health Sciences, Chicago, IL 60612, USA
b The Social Policy Research Institute, Skokie, IL 60076, USA
c Illinois Service Resource Center, USA

A R T I C L E I N F O

Article history:

Accepted 25 July 2012

Keywords:

Trauma

Child maltreatment

Physical abuse

Neglect

Shaken infant syndrome

A B S T R A C T

Objectives: Although the incidence and risk factors of child abuse have been well researched, there

continues to be a need for large studies that provide information regarding the process of recognizing

children whose health and lives are most seriously threatened by abuse and neglect, in particular

children requiring hospitalization as a result of child abuse. The purpose of this study was to (1) describe

differences in the type of injuries and illnesses of children hospitalized for abuse and neglect and (2)

assess the relationship between in-hospital mortality and child maltreatment.

Methods: For this retrospective cohort study, child maltreatment cases were identified using medical

record databases of patients treated in all hospitals and trauma units in Illinois. A comparison group of

children not suffering from suspected maltreatment were randomly selected and matched by age and

data source to the suspected maltreatment cases.

Subjects: 2656 children under the age of 13 years suspected of suffering maltreatment who were

admitted to any hospital in Illinois between 2000 and 2009.

Results: The analysis showed distinct patterns in injury, physical illness and psychological disorders for

each subgroup of maltreatment cases. Among the cases of maltreatment 75.6% were discharged home,

2.9% into child protective services and 15.8% to an intermediate care facility. In the final multivariable

conditional logistic regression model, children suffering maltreatment continued to have a higher odds of

dying during hospitalization (adjusted OR = 2.99; CI95%: 1.63, 5.45; p < 0.001).

Conclusion: There were distinct diagnostic patterns and outcomes among suspected cases of child

maltreatment admitted to Illinois hospitals over a 10-year period. This large retrospective cohort study

confirms findings reported in many smaller studies and larger national cross-sectional surveys.

� 2012 Elsevier Ltd. All rights reserved.
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Introduction

Abuse of children using infanticide, mutilation, and abandon-
ment has been in evidence since ancient times.1 In the first three
centuries some doctors felt that if a child was not perfect in every
way, infanticide was acceptable. Soranus, a leading Greek medical
figure, wrote a guide on ‘‘How to Recognize the Newborn who is
Worth Rearing’’.2 In the nineteenth century, evidence of child
maltreatment cases began to emerge in medical papers describing
injuries in children that consisted of fractures, suffocation, and
burns.2,3

In the 1970s the United States first began compiling data on
child abuse and neglect.3 There was an estimated 669,000 cases in
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1976, and by 1997 the annual reported cases of child abuse and
neglect had increased to 3.2 million.3 However, the escalation in
reported cases, to a large degree, is attributable to changes in the
definition of maltreatment, and better recognition and reporting
by clinicians and other mandated reporters.3In the United States it
is believed that nearly 12 out of every 1000 children annually are
affected by child maltreatment, with the largest concentration of
suspected cases occurring among children under the age of three.4

Additional literature suggests that a child who lives in a home
where domestic violence occurs is 6–15 times more likely to be
abused by either parent/guardian.3 In addition, the peer reviewed
literature has identified the following risk factors for physical child
abuse: premature birth, being a twin, a child under 18 months old,
excessive crying by the child, hyperactivity, having a young
mother, a history of abuse in the primary caregiver, parental
substance abuse, domestic violence in the home, and a lack of
family and social support.5–8

However, there continues to be a need for studies that provide
information regarding the process of recognizing children whose
 cohort study of suspected child maltreatment cases resulting in
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health and lives are most seriously threatened by abuse and
neglect, in particular children requiring hospitalization as a result
of child maltreatment. Large studies that describe broad con-
stellations of shared comorbidities, diagnoses and outcomes
within and between different groups of maltreated children
admitted to hospitals would help clinicians both recognize and
treat maltreated children. This study analyzes data on children
admitted to hospitals in Illinois for child maltreatment. The cases
were identified using hospital databases, which provide a unique
opportunity to evaluate a large subset of children suffering
maltreatment that results in hospitalization. The main objectives
of this study are to (1) describe differences in the type of injuries
and illnesses between subgroups of maltreated children and
(2) assess whether in-hospital mortality was higher in maltreated
children as compared to controls.

Methods

Data sources

We conducted a retrospective cohort study using two State of
Illinois medical record databases: the Illinois trauma registry and
the Illinois hospital discharge dataset. We received data for years
2000–2009 for both datasets. The University of Illinois at Chicago
institutional review board approved this research (approval
#2012-0116).

Illinois trauma registry

The Illinois trauma registry (ITR) is mandated by the state
legislature and is managed by the Illinois Department of Public
Health. All of the State’s level 1 and 2 trauma centres (N = 62) are
required to report all patients (1) sustaining traumatic injuries
(ICD-9-CM external injury codes E800-995) and admitted to a
trauma centre for >12 h, (2) transferred to a level I or II centre
or (3) are dead-on-arrival (DOA) or die in the emergency
department. We provided an assessment of data quality of the
ITR in a previous paper of ours.9 The ITR contains data on
demographics (age, gender, race/ethnicity), exposure (mecha-
nism of injury), and health outcomes (diagnoses, measures of
injury severity, hospital procedures, disability status on dis-
charge), and economics (payer source).

Hospital discharge database

The University of Illinois at Chicago Hospital is a member of the
Illinois Hospital Association, the organization that compiles and
manages the hospital discharge database. As a member of the
Illinois Hospital Association, the PI’s research team has ongoing
access to the hospital discharge database. The hospital discharge
database is based on billing records. It includes all patients treated
for more than 23 h in any Illinois hospital (i.e. inpatients only) for
any medical reason. The hospital discharge database includes
variables on patient demographics (age, gender), exposure
(mechanism of injury), health outcomes (diagnoses, hospital
procedures, discharge status), and economics (hospital charges,
payer source). The Illinois Hospital Association compiles, main-
tains, and conducts quality control of the dataset.

Inclusion criteria

The study included children under the age of 13 years
admitted and treated in Illinois hospitals. The following criteria
were used to identify cases of child maltreatment: (1) patients
with a perpetrator E967 ECODE (ICD-9-CM code) designating
physical abuse, shaken infant syndrome, sexual abuse, emotional
Please cite this article in press as: Friedman LS, et al. A retrospective
hospitalization. Injury (2012), http://dx.doi.org/10.1016/j.injury.201
and psychological abuse, neglect, and unspecified abuse and
(2) patients with a 995.80-.85 NCODE (ICD-9-CM code) designating
abuse and neglect. To be coded as a case, a member of the treating
medical staff had to recognize the maltreatment and document it.
Cases from the two State databases were merged and deduplicated.

Selection of the comparison group (unexposed)

For the comparison group, we selected from a list of all patients
under the age of 13 without indication of maltreatment included in
the trauma registry and hospital discharge dataset between 2000
and 2009. We randomly sampled one child without any indication
of maltreatment for each case of maltreatment matching by age
and dataset of origin (trauma registry and hospital discharge) using
the random sampling procedure in SAS (PROC SURVEYSELECT). The
mean difference in age between pairs was 18 days, with a
maximum difference of 110 days. The matching criteria also
ensured that there were equal number of exposed and unexposed
cases treated in hospitals with specialized trauma care facilities.

Descriptive analysis

Cumulative proportions and prevalence of demographic
characteristics, place, and severity of injury are described for
cases of maltreamtent and the comparison group. The cases of
maltreamtent were also stratified by the following types of
maltreatment based on ICD-9-CM coding: physical abuse, shaken
infant syndrome, sexual abuse, emotional and psychological abuse,
neglect, and unspecified abuse. ICD-9-CM NCODES were used to
assess body region and type of injury based on the Barell
classification matrix.10 The new injury severity score (NISS) was
used in this analysis, and differs from the traditional formulation in
that it uses the sum of the squares of the three highest abbreviated
injury scores (most severe injuries) regardless of body region.11,12

NISS scores are based on all NCODES for injuries identified during
the course of hospitalization and have been shown to be a better
predictor of adverse outcomes than the traditional formulation.12

We use the cut-off of NISS � 16 to identify individuals suffering
major injuries that are serious, severe and life threatening.13,14

Each patient in the trauma registry has up to 25 ICD-9 diagnosis
codes listed in their record and these were used to calculate the
Charlson Comorbidity Index15 and evaluate trauma complications.
We identified trauma complications associated with increased in-
hospital mortality which include: general complications with ICD-
9-CM codes of 958–959, poisoning during the course of medical
treatment, acute posthemorrhagic anaemia, cerebral oedema/
anoxia/encephalopathy, hypotensive shock, pulmonary insuffi-
ciency as a result of trauma, acute respiratory failure, and
septicemia.

Statistical analysis

We used SAS software for all statistical analyses (v.9.1; SAS
Institute Inc., Cary, NC). We used McNemar chi-square tests for
analysis of categorical variables, and the paired t-test for assessing
continuous variables. The primary outcome of interest for the
multivariable analysis was in-hospital mortality of patients.
Deaths occurring prior to arrival at the trauma centre and those
occurring following failed resuscitation during the initial assess-
ment were not used to calculate the in-hospital mortality. A
multivariable conditional logistic regression model was devel-
oped to evaluate the relationship between hospitalization for
child maltreatment and in-hospital mortality, and the final model
was selected using the maximum likelihood statistical method
(similar to manual stepwise model building). Odds ratios are
presented, including the 95% confidence intervals. The final
 cohort study of suspected child maltreatment cases resulting in
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Table 1
Demographic characteristics, measures of severity and reasons for hospitalization among suspected child maltreatment cases resulting in hospitalization in Illinois, 2000–2009.

Child physical

abuse

(N = 1525)

Shaken infant

syndrome

(N = 430)

Child neglect

(N = 350)

Child emotional &

psychological

abuse (N = 12)

Child sexual

abuse (N = 166)

Child abuse,

unspecified

(N = 173)

Maltreatment

cases (n = 2656)

Comparison

groupa

(n = 2656)

p-Value*

Gender

Female 646 (42.4%) 137 (31.9%) 138 (39.4%) 7 (58.3%) 121 (72.9%) 84 (48.6%) 1133 (42.7%) 1080 (40.7%) 0.146

Male 879 (57.6%) 293 (68.1%) 212 (60.6%) 5 (41.7%) 45 (27.1%) 89 (51.4%) 1523 (57.3%) 1576 (59.3%)

Age

Under 1 years 744 (48.8%) 369 (85.8%) 158 (45.1%) 2 (16.7%) 1 (0.6%) 70 (40.5%) 1344 (50.6%) 1344 (50.6%) –

1 years old 238 (15.6%) 61 (14.2%) 61 (17.4%) 0 (0.0%) 13 (7.8%) 26 (15.0%) 399 (15.0%) 399 (15.0%)

2 years old 176 (11.5%) 0 (0%) 28 (8.0%) 0 (0.0%) 13 (7.8%) 10 (5.8%) 227 (8.5%) 227 (8.5%)

3 years old 97 (6.4%) 0 (0%) 23 (6.6%) 1 (8.3%) 11 (6.6%) 13 (7.5%) 145 (5.5%) 145 (5.5%)

4 years old 56 (3.7%) 0 (0%) 18 (5.1%) 0 (0.0%) 21 (12.7%) 11 (6.4%) 106 (4.0%) 106 (4.0%)

5–6 years old 85 (5.6%) 0 (0%) 20 (5.7%) 1 (8.3%) 17 (10.2%) 12 (6.9%) 135 (5.1%) 135 (5.1%)

7–9 years old 78 (5.1%) 0 (0%) 21 (6.0%) 3 (25.0%) 37 (22.3%) 10 (5.8%) 149 (5.6%) 149 (5.6%)

10–12 years old 51 (3.3%) 0 (0%) 21 (6.0%) 5 (41.7%) 53 (31.9%) 21 (12.1%) 151 (5.7%) 151 (5.7%)

Hospital treatment

Mean days in

hospital

6.80 (sd = 10.40) 13.55 (sd = 13.47) 9.25 (sd = 13.67) 8.29 (sd = 6.58) 10.78 (sd = 15.78) 7.44 (sd = 12.99) 8.51 (sd = 12.22) 3.16 (sd = 6.13) <0.001

Required mechanical

ventilation

197 (12.9%) 160 (37.2%) 15 (4.3%) 0 (0.0%) 5 (3.0%) 19 (11.0%) 396 (14.9%) 100 (3.8%) <0.001

Required surgical

intervention

288 (18.9%) 154 (35.8%) 32 (9.1%) 0 (0.0%) 19 (11.4%) 36 (20.8%) 529 (19.9%) 472 (17.8%) 0.046

In-hospital fatalities 58 43 0 0 2 8 111 22 <0.001

In-hospital case

fatality rate

3.80% 10.00% 0.00% 0.00% 1.20% 4.60% 4.18% 0.83% <0.001

Acute injury

Acute traumatic injuries 1366 (89.6%) 336 (78.1%) 49 (14.0%) 3 (25.0%) 33 (19.9%) 0 (0.0%) 1787 (67.3%) 1001 (37.7%) <0.001

Penetrating injuries 5 (0.3%) 0 (0.0%) 1 (0.3%) 1 (8.3%) 3 (1.8%) 0 (0.0%) 10 (0.4%) 45 (1.7%) <0.001

Mean new injury severity score 12.26 (sd = 12.54) 24.49 (sd = 14.65) 6.45 (sd = 8.39) 3 (sd = 1.00) 6.09 (sd = 8.38) – 14.3 (sd = 13.8) 7.16 (sd = 6.92) <0.001

NISS 16+ (serious injury) 448 (29.4%) 292 (67.9%) 7 (2.0%) 0 (0.0%) 4 (2.4%) 0 (0.0%) 751 (28.3%) 120 (4.5%) <0.001

* p-Value – McNemar chi-square test for categorical variables; paired t-test for continuous variables.
a Comparison group-random selection from a list of all patients under the age of 13 without indication of maltreatment. Matched with cases by age and dataset of origin (trauma registry and hospital discharge).
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multivariable logistic regression models included the following
covariates: gender (dichotomous), number of hospitalization days
(Length of Stay; continuous), use of mechanical ventilation
(dichotomous), need for surgical intervention (dichotomous),
new injury severity scores indicating serious injuries (NISS � 16;
dichotomous), acute injury (yes/no; dichotomous) and complica-
tions associated with increased mortality in trauma patients. No
evidence of multicolinearity among the independent variables
was indicated. A two-sided p-value less than 0.05 was considered
statistically significant.

Results

Demographic characteristics of the cases of maltreamtent and
the comparison group are presented in Table 1. Suspected
maltreatment cases included 1523 males and 1133 females, with
a similar distribution among the comparison group. The compari-
son group were admitted primarily for diseases (N = 1655; 62.3%),
and injuries caused by falls (N = 588; 22.1%), motor vehicle crashes
(N = 80; 5.0%) and being struck or caught between objects (N = 55;
2.1%). Among cases of maltreatment, half were infants under the
age of one (N = 1344; 50.4%).

The father, stepfather, boyfriend, or male partner of the child’s
parent or guardian was the most commonly identified perpetrator
of abuse and neglect (18.5%), while key females such as the mother,
stepmother, girlfriend, or female partner of child’s parent or
guardian were identified as the perpetrator in 11.2% of the cases.
An additional 9.1% of the cases were abused or neglected by other
relatives such as siblings, grandparents and others. Non-related
caregivers were identified as the perpetrators in only 2.2% of the
cases. In a majority of the cases of abuse and neglect (59.0%), the
perpetrator was not specified.

The mean hospital stay was more than twice as long among
cases of maltreatment as compared to the unexposed group
(p < 0.001) (Table 1). Maltreatment cases were more likely than
the comparison group to be placed on ventilators (p < 0.001), but
were only slightly more likely to require surgical intervention
(p = 0.046). The in-hospital case fatality rate was substantially
higher among maltreatment cases as compared to the unexposed
group (4.18% vs. 0.83% respectively; p < 0.001), and the difference
Table 2
Description of injury type by body part affected among acute injury cases resulting in

Injury type Maltreatment cases (n = 1787)*

Fracture

Skull 294 (16.5%) 

Other head/face 20 (1.1%) 

Vertebral column 20 (1.1%) 

Torso 190 (10.6%) 

Upper extremity 232 (13.0%) 

Lower extremity 282 (15.8%) 

Internal injuries

Traumatic brain injury 593 (33.2%) 

Spinal cord 3 (0.2%) 

Torso 139 (7.8%) 

Open wounds

Head/face 75 (4.2%) 

Torso 35 (2.0%) 

Upper extremity 16 (0.9%) 

Lower extremity 9 (0.5%) 

Burns

Head/face 31 (1.7%) 

Torso 77 (4.3%) 

Upper extremity 58 (3.2%) 

Lower extremity 85 (4.8%) 

* Only cases suffering acute traumatic injuries included in this table.
a Comparison group-random selection from a list of all patients under the age of 13 w

(trauma registry and hospital discharge).

Please cite this article in press as: Friedman LS, et al. A retrospective
hospitalization. Injury (2012), http://dx.doi.org/10.1016/j.injury.201
in in-hospital case fatality rates remained when stratified by
children admitted for acute injuries (5.37% cases vs. 1.10% controls;
p < 0.001) and diseases only (1.73% cases vs. 0.66% controls;
p < 0.001). Among the cases of maltreatment and the comparison
group admitted for acute injuries, the mean new injury severity
score was 2-fold greater in cases of maltreatment compared to the
unexposed group, and the proportion of cases with serious injuries
(NISS � 16) was more than 5-times that of comparison group
(Table 1). Among the maltreated children, the measures of severity
in terms of hospital stay, requiring mechanical ventilation and the
proportion of serious injuries (NISS 16+) were highest among the
children diagnosed with shaken infant syndrome.

In a comparison of children admitted for acute injuries only
(Table 2), abused children as compared to the unexposed group
suffered a disproportionate number of fractures to the torso (10.6%
vs. 1.7%), internal injuries of the brain (33.2% vs. 22.6%), internal
injuries of the torso (7.8% vs. 3.5%) and open wounds of the torso
(2.0% vs. 0.9%). Of torso injuries, 65 cases suffered injuries to the
urogenital organs, 13 were suspected of sexual abuse (11 of which
were female) and 52 suspected of physical abuse (21 females).
Among the comparison group, 21 children were diagnosed with
injuries to the urogenital organs. Burns were less common among
cases than controls (Table 2). When complications resulting from
traumatic injuries were evaluated, the cases of maltreatment
disproportionately suffered from the following: cerebral oedema/
anoxia/encephalopathy (9.5% vs. 0.1%; p < 0.001), pulmonary
insufficiency (2.5% vs. 0.3%; p < 0.001), and acute respiratory
failure (4.8% vs. 0.5%; p < 0.001). Table 3 presents diagnostic
patterns for disease by type of maltreatment.

Discharge status

Among the maltreated children, 75.6% were discharged home,
2.9% into child protective services and 15.8% to an intermediate
care facility (e.g. rehabilitation centre). In contrast, 87.5% of
comparison group were discharged home and 10.9% were
discharged to an intermediate care facility. The remaining children
in both groups were discharged to either an unspecified location or
the morgue. Although the majority of exposed and unexposed
cases were discharged home, no information was available within
 hospitalization in Illinois, 2000–2009.

Comparison groupa (n = 1001)* p-Value

256 (25.6%) <0.001

18 (1.8%) 0.138

4 (0.4%) 0.049

17 (1.7%) <0.001

99 (9.9%) 0.015

100 (10.0%) <0.001

226 (22.6%) <0.001

1 (0.1%) –

35 (3.5%) <0.001

67 (6.7%) 0.004

9 (0.9%) 0.031

18 (1.8%) 0.037

13 (1.3%) 0.023

49 (4.9%) <0.001

74 (7.4%) <0.001

84 (8.4%) <0.001

51 (5.1%) 0.691

ithout indication of maltreatment. Matched with cases by age and dataset of origin

 cohort study of suspected child maltreatment cases resulting in
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Table 3
Description of most common diagnoses among suspected child maltreatment cases resulting in hospitalization in Illinois, 2000–2009.

Diagnosis

Child Physi cal 

Abuse

(N=1525 )

Shaken Infant 

Synd rome

(N=430)

Child Negle ct

(N=350)

Child Emotional 

& Ps ychologic al 

Abuse

(N=12)

Child S exual 

Abuse

(N=166)

Child abuse, 

Unspecif ied

(N=173)

Maltr eatment 

Cases

(n=26 56)

Comparis on 

Groupa

(n=26 56) P-va lue

Disorders  Eye & Ear 266 (17.4%) 277 (64.4%) 32 (9.1%) 0 (0.0%) 7 (4.2%) 22 (12.7%) 604 (22.7%) 207 (7.8%) <0.001

Retinal hemorr hage 151 (9.9%) 254 (59.1%) 2 (0.6%) 0 (0.0%) 0 (0.0%) 4 (2.3%) 411 (15.5%) 4 (0.2%) <0.001

Con jun ctival hemorr hage 40 (2.6%) 2 (0.5%) 1 (0.3%) 0 (0.0%) 0 (0.0%) 2 (1.2%) 45 (1.7%) 0 (0.0%) <0.001

Coagulation Disorders 20 (1.3%) 16 (3.7%) 3 (0.9%) 0 (0.0%) 2 (1.2%) 5 (2.9%) 46 (1.7%) 19 (0.7%) <0.001

Hereditary Degen Disorders  of CNS 27 (1.8%) 30 (7.0%) 2 (0.6%) 0 (0.0%) 0 (0.0%) 2 (1.2%) 61 (2.3%) 22 (0.8%) <0.001

Obstructive/Acquire d hydroce phalus 14 (0.9%) 24 (5.6%) 2 (0.6%) 0 (0.0%) 0 (0.0%) 2 (1.2%) 42 (1.6%) 17 (0.6%) 0.001

Other CNS Disorders 157 (10.3%) 143 (33.3%) 23 (6.6%) 0 (0.0%) 0 (0.0%) 15 (8.7%) 338 (12.7%) 66 (2.5%) <0.001

Infantile Cerebral Palsy 26 (1.7%) 6 (1.4%) 14 (4.0%) 0 (0.0%) 0 (0.0%) 8 (4.6%) 54 (2.0%) 28 (1.1%) 0.004

Epilepsy 20 (1.3%) 29 (6.7%) 6 (1.7%) 0 (0.0%) 0 (0.0%) 3 (1.7%) 58 (2.2%) 18 (0.7%) <0.001

Anoxic brain damage 35 (2.3%) 46 (10.7%) 1 (0.3%) 0 (0.0%) 0 (0.0%) 1 (0.6%) 83 (3.1%) 2 (0.1%) <0.001

Disorders  of the Circulatory System 96 (6.3%) 93 (21.6%) 15 (4.3%) 1 (8.3%) 2 (1.2%) 24 (13.9%) 231 (8.7%) 100 (3.8%) <0.001

Cardia c dysrythmias 32 (2.1%) 24 (5.6%) 6 (1.7%) 1 (8.3%) 2 (1.2%) 11 (6.4%) 76 (2.9%) 34 (1.3%) <0.001

Intrac ranial hemorr hage 27 (1.8%) 28 (6.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 7 (4.0%) 62 (2.3%) 9 (0.3%) <0.001

Occlusi on of ce rebral arteri es 13 (0.9%) 23 (5.3%) 1 (0.3%) 0 (0.0%) 0 (0.0%) 1 (0.6%) 38 (1.4%) 2 (0.1%) <0.001

Diabete s insi pidus  / Vasopressin Deficie ncy 13 (0.9%) 13 (3.0%) 1 (0.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 27 (1.0%) 3 (0.1%) <0.001

Symptoms 361 (23.7%) 290 (67.4%) 173 (49.4%) 1 (8.3%) 26 (15.7%) 59 (34.1%) 910 (34.3%) 486 (18.3%) <0.001

Con vuls ions 162 (10.6%) 228 (53.0%) 28 (8.0%) 0 (0.0%) 4 (2.4%) 13 (7.5%) 435 (16.4%) 98 (3.7%) <0.001

Fee ding diffic ulties 67 (4.4%) 34 (7.9%) 115 (32.9%) 1 (8.3%) 5 (3.0%) 13 (7.5%) 235 (8.8%) 56 (2.1%) <0.001

Infec tious Diseases 97 (6.4%) 47 (10.9%) 67 (19.1%) 1 (8.3%) 17 (10.2%) 16 (9.2%) 245 (9.2%) 318 (12.0%) 0.001

Unspec ifie d protein ca lorie  malnutr ition 21 (1.4%) 6 (1.4%) 23 (6.6%) 0 (0.0%) 0 (0.0%) 3 (1.7%) 53 (2.0%) 3 (0.1%) <0.001

Injurie s Caused by Nature & Envir onment 12 (0.8%) 3 (0.7%) 9 (2.6%) 1 (8.3%) 0 (0.0%) 0 (0.0%) 25 (0.9%) 13 (0.5%) 0.051

Diseases  of the S kin 84 (5.5%) 18 (4.2%) 53 (15.1%) 0 (0.0%) 8 (4.8%) 15 (8.7%) 178 (6.7%) 112 (4.2%) <0.001

Atopic dermatitis 25 (1.6%) 5 (1.2%) 22 (6.3%) 0 (0.0%) 1 (0.6%) 6 (3.5%) 59 (2.2%) 19 (0.7%) <0.001

Congential Ano malies 55 (3.6%) 21 (4.9%) 33 (9.4%) 0 (0.0%) 1 (0.6%) 21 (12.1%) 131 (4.9%) 196 (7.4%) <0.001

Anemias 125 (8.2%) 77 (17.9%) 41 (11.7%) 0 (0.0%) 6 (3.6%) 12 (6.9%) 261 (9.8%) 86 (3.2%) <0.001

Iron Deficiency Anemia 24 (1.6%) 12 (2.8%) 17 (4.9%) 0 (0.0%) 2 (1.2%) 5 (2.9%) 60 (2.3%) 14 (0.5%) <0.001

Unspec ifie d Anemia 97 (6.4%) 63 (14.7%) 16 (4.6%) 0 (0.0%) 2 (1.2%) 4 (2.3%) 182 (6.9%) 45 (1.7%) <0.001

Mental Disorders 83 (5.4%) 25 (5.8%) 49 (14.0%) 8 (66.7%) 69 (41.6%) 22 (12.7%) 256 (9.6%) 95 (3.6%) <0.001

Bipolar / Mania 18 (1.2%) 0 (0.0%) 3 (0.9%) 3 (25.0%) 40 (24.1%) 8 (4.6%) 72 (2.7%) 31 (1.2%) <0.001

Adjust ment Reac tion  / Prolonged PTSD 12 (0.8%) 1 (0.2%) 12 (3.4%) 3 (25.0%) 32 (19.3%) 3 (1.7%) 63 (2.4%) 8 (0.3%) <0.001

Impuls e Contr ol Is sues 2 (0.1%) 1 (0.2%) 6 (1.7%) 2 (16.7%) 19 (11.4%) 1 (0.6%) 31 (1.2%) 15 (0.6%) 0.018

Developmental Delays 27 (1.8%) 10 (2.3%) 21 (6.0%) 1 (8.3%) 4 (2.4%) 3 (1.7%) 66 (2.5%) 18 (0.7%) <0.001

*

Perinatal Cond itions 18 (1.2%) 8 (1.9%) 33 (9.4%) 0 (0.0%) 2 (1.2%) 8 (4.6%) 69 (2.6%) 133 (5.0%) <0.001

Disorders  of M uscle & Connec tive Tissue 51 (3.3%) 3 (0.7%) 13 (3.7%) 1 (8.3%) 4 (2.4%) 15 (8.7%) 87 (3.3%) 46 (1.7%) <0.001

Malignant Neopla sms 1 (0.1%) 1 (0.2%) 2 (0.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 4 (0.2%) 62 (2.3%) <0.001

White Bl ood Cell Disorders 3 (0.2%) 1 (0.2%) 0 (0.0%) 0 (0.0%) 1 (0.6%) 1 (0.6%) 6 (0.2%) 36 (1.4%) <0.001

Other Bl ood  Di sorders 4 (0.3%) 3 (0.7%) 1 (0.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 8 (0.3%) 14 (0.5%) 0.200

Disorders  of the Respira tory System 237 (15.5%) 118 (27.4%) 81 (23.1%) 1 (8.3%) 23 (13.9%) 41 (23.7%) 501 (18.9%) 760 (28.6%) <0.001

Digestive Syst em Disorders 90 (5.9%) 49 (11.4%) 51 (14.6%) 1 (8.3%) 13 (7.8%) 18 (10.4%) 222 (8.4%) 255 (9.6%) 0.113

Liver Di sease 21 (1.4%) 3 (0.7%) 11 (3.1%) 0 (0.0%) 2 (1.2%) 3 (1.7%) 40 (1.5%) 30 (1.1%) 0.229

Kidney Disorders 11 (0.7%) 6 (1.4%) 5 (1.4%) 0 (0.0%) 2 (1.2%) 1 (0.6%) 25 (0.9%) 38 (1.4%) 0.099

Other Ur niaryTrac t Disorders 29 (1.9%) 25 (5.8%) 9 (2.6%) 0 (0.0%) 9 (5.4%) 4 (2.3%) 76 (2.9%) 68 (2.6%) 0.499

Genital Or gans 9 (0.6%) 1 (0.2%) 2 (0.6%) 0 (0.0%) 0 (0.0%) 1 (0.6%) 13 (0.5%) 14 (0.5%) 0.847

Female Organs 1 (0.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 16 (9.6%) 2 (1.2%) 19 (0.7%) 6 (0.2%) 0.009

Abno rmal Finidngs 58 (3.8%) 24 (5.6%) 16 (4.6%) 0 (0.0%) 13 (7.8%) 13 (7.5%) 124 (4.7%) 96 (3.6%) 0.054

The boxes are intended to highlight the constellations of common diagnoses observed in the different abuse groups, one of the key outcomes of the study.

* ICD-9-CM codes for specific diagnoses: 280 iron deficiency, 285 unspecified anaemia, 286 coagulation defects, 296 bipolar/mania, 309 adjustment rx, 312.3 impulse control,

314 hyperkinesis, 313 emotional disturbances, 315 developmental delays, 331.4 obstructive hydrocephalus, acquired hydrocephalus, 343 infantile cerebral palsy, 345

epilepsy, 348.1 anoxic brain damage, 362.81 retinal haemorrhage, 372.72 conjunctival haemorrhage, 382 otitis media, 427 cardiac dysrythmias, 430–432 intracranial

haemorrhage, 434 occlusion of cerebral arteries, 682 cellulitis/abcess, 691 atopic dermatitis, 692.9 contact dermatitis unspec, 780.3 convulsions, 783.4 feeding difficulties,

263.9 unspecified protein-calorie malnutrition, 253.5 diabetes insipidus, vasopressin deficiency.
a Comparison group-random selection from a list of all patients under the age of 13 without indication of maltreatment; matched with cases by age and dataset of origin

(trauma registry and hospital discharge).
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the datasets on whether the children were returning to the same
home as the perpetrator or to another gaurdian’s home (e.g. the
other parent (divorce), a grandparent, etc.). Among the cases of
maltreatment, children discharged into child custody were
disproportionately hospitalized for acute injury (97.4% vs. 66.4%;
p < 0.001), had a father, stepfather, boyfriend, or male partner of
the child’s parent or guardian identified as the perpetrator (44.9%
vs. 17.4%; p < 0.001), or suffered physical abuse as compared to
other types of maltreatment (93.6% vs. 56.3%; p < 0.001).
Maltreated children discharged into child protective custody did
Please cite this article in press as: Friedman LS, et al. A retrospective
hospitalization. Injury (2012), http://dx.doi.org/10.1016/j.injury.201
not significantly differ from other abused children in terms of age,
gender, or length of hospitalization.

In-hospital deaths

There were a total of 133 in-hospital fatalities in this study, of
which 111 (4.2%) were among the cases of maltreatment and 22
(0.8%) occurred among the comparison group. The highest case-
fatality rates were observed among the children suffering physical
abuse (N = 51, 3.8%) and Shaken Infant Syndrome (N = 43; 10.0%).
 cohort study of suspected child maltreatment cases resulting in
2.07.192
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Among maltreated children who died, 82.9% (N = 92) suffered a
type 1 traumatic brain injury, the most serious type of head
injuries.10 Interestingly, the case fatality rate of abused children
suffering type 1 traumatic brain injuries was substantially higher
than the comparison group suffering the same type of injuries
(N = 92, 9.8% vs. N = 4, 1.7%; p < 0.001). In the final multivariable
logistic regression model, maltreated children continued to have a
higher odds of dying during hospitalization (adjusted OR = 2.99;
CI95%: 1.63, 5.45).

Discussion

Our study presents detailed information on diagnostic patterns
and outcomes among suspected cases of child maltreatment
admitted to Illinois hospitals over a 10-year period. The findings
show distinct diagnostic patterns for each of the suspected
maltreatment categories. Most of these diagnoses have been well
described in the literature, in particular indicators of abuse among
children presenting with acute injuries.16–18 However, our study
also provides diagnostic patterns for children suffering emotional
abuse, sexual abuse and neglect. Some of the diagnoses dispro-
portionately occurred in children suspected of being abused or
neglected, and the comparison group were rarely or never
diagnosed with these disorders, such as subconjunctival haemor-
rhage, malnutrition, anaemia with an unknown cause, and certain
psychiatric diagnoses (Table 3).

Maltreated children had substantially higher odds of dying
during the hospitalization than their age matched non-abused
counterparts, which corresponded to the finding that other
measures of severity such as length of hospitalization significantly
exceeded that of the comparison group. The primary cause of death
among the maltreated children resulted from serious traumatic
brain injuries and corresponds to the large proportion of Shaken
Infant Syndrome cases included in this study.

Although the majority of cases of maltreatment were
discharged home, no information was available within the
datasets on whether the child was returning to the same home as
the perpetrator or to another gaurdian’s home (e.g. the other
parent living in a separate home, a grandparent, etc.). The safety
of the children should not be measured by how many go into
foster care, but whether there is adequate discharge planning by
the medical staff and child protective services personnel, in order
to reduce the risk of repeated abuse and neglect. It was
interesting that those suffering physical abuse as compared to
other types of abuse were more likely to be discharged into child
protective custody.

Past studies have restricted their analyses to children suffering
specific types of injuries such as orthopaedic injuries, head injuries,
or occult abdominal injuries. However, our dataset provides a
comprehensive overview of a large group of children across the
State of Illinois suffering from multiple forms of abuse and neglect.
Regardless of the focus of past studies, the data clearly shows that
infants and toddlers are the most likely to be identified of
suspected severe abuse and neglect.19–22 Boys were more likely
than girls to be maltreated within the exposed group, but the
proportion of injuries suffered by boys was comparable between
cases of maltreatment and the comparison group. National data
indicates that boys have a higher rate of maltreatment than girls
prior to the age of three years.19 At ages 4–7 years, boys and girls
appear to suffer equivalent rates of maltreatment, but after 8 years
of age the incidence of child abuse and neglect is higher in girls.19

However, in our study the distribution of abused boys and girls did
not differ by age. This higher rate of abuse in girls as reported in
national studies is explained by an increase in sexual abuse; most
cases of sexual assault will not be treated in a trauma unit unless
severe physical injuries occur.23
Please cite this article in press as: Friedman LS, et al. A retrospective
hospitalization. Injury (2012), http://dx.doi.org/10.1016/j.injury.201
Limitations

It very likely that there were children in the registry
that were not identified as abused or neglected. Recent
studies indicate that medical personnel fail to identify as much
as 64% of the cases of abuse and neglect presenting in emergency
rooms.24–26 In particular, cases that present with non-specific
signs/symptoms (e.g. vomiting, fussiness, poor feeding, lethargy)
and no external signs of abuse or trauma.27 Most of the cases
of maltreatment in this analysis were infants and toddlers
who are incapable of informing medical personnel about the
cause of their injuries. Older children who are maltreated may
be afraid or reluctant to inform the medical staff about
maltreatment, especially if it involves a parent. Some children
may simply be unable to differentiate between what is
acceptable behaviour and abusive behaviour. However, the
majority of hospitals have protocols for managing child
maltreatment, and medical staff are well educated about child
maltreatment, and the legal statutes are well defined for acting
to protect maltreated children.28 Combined, this contributes to a
heightened awareness of the issue of child maltreatment and
promotes active screening for abuse. Research has shown that
reporting of child abuse increases with an increase in severity.5

This study only includes cases severe enough to require
hospitalization, but it is unknown how many hospitalized
children were not identified and hereby missed for inclusion
to this study.

Although the patients were matched on age and data
source, almost none of the comparison group randomly
identified through the hospital discharge dataset suffered
injuries, whereas many of maltreatment cases identified in this
dataset did suffer acute injuries. This occurred because we
were in part selectively identifying physical abuse incidents in
the maltreatment group, but randomly sampled from the
general child inpatient population for the comparison group
which comprises predominately of children admitted for
illnesses. Furthermore, children admitted for acute injuries
were substantially more likely to die during hospitalization
regardless of maltreatment status. To control for confounding
that may have occurred because of the selection procedure,
we controlled for diagnosis of an acute injury (yes/no),
severe injuries (NISS � 16) and complications associated with
increased mortality in trauma patients. Despite controlling for
these important covariates related to injury, the abused cases
continued to have a higher risk of in-hospital mortality than the
controls. In addition, when we looked at the case fatality rate
among those admitted for illnesses only, the maltreated
children had were still more than twice as likely to die as
controls (1.73% cases vs. 0.66% controls).

In longitudinal studies, even short periods of follow-up such
as a single hospitalization stay, time dependent variables are
often both potential confounders and outcomes along the causal
pathway. In this analysis, some of the covariates are treated as
proxy measures of injury severity (length of stay, requiring
mechanical ventilation, and medical complications following
trauma). However, because they are potential outcomes in their
own right, there is concern that they may bias the model
estimates of the relationship between abuse and in-hospital
mortality. Generally, over-specified models that include covari-
ates along the causal pathway result in a conservative bias of the
parameter estimates of interest. Omission of these covariates
from the main model in this study (length of stay, requiring
surgical intervention, requiring mechanical ventilation, and
medical complications following trauma) had a minor effect
on the relationship between abuse and in-hospital mortality
(adjusted OR = 2.70; CI95%: 1.57, 4.67).
 cohort study of suspected child maltreatment cases resulting in
2.07.192
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Physicians and nurses are trained in conducting medical
histories to document pre-existing conditions and medication/
drug use, identify signs and symptoms, and note any conditions or
issues that may impact treatment. Intake interviews and screens
are conducted on all admitted patients uniformly. It is unlikely that
intake screening would differ between cases and controls since in
most instances, the cases were not identified as abused until after
the admission process or several days into the hospitalization.

Conclusions

The findings show distinct constellations of shared comorbid-
ities, diagnoses and outcomes within and between different groups
of maltreated children admitted to hospitals confirming observa-
tions in many smaller studies and larger national cross-sectional
surveys.16,17,19,29 The abused and neglected children suffered more
severe outcomes than the unexposed group and were more likely
to die during hospitalization.
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