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Chapter 1

BACKGROUND

Unintentional injuries are the 4" leading cause of death in the United States
accounting for 146,571 deaths in 2015. (1) They are the leading cause of death
in the United States in ages 2-44. (2). Unintentional injuries are also significant
causes of morbidity and account for 39 million medically attended visits in 2017.
(3) Cost for the treatment of injuries is an additional concern and was estimated
at $821billion in 2015. (3) It has been long documented that injuries
disproportionately affect minority groups, particularly low-income children (4-7) In
2000, Faelker et all reported socioeconomic disparities for pediatric injuries by
using emergency department data in Ontario, Canada. This study recommended
that injury prevention efforts should be targeted to economically disadvantaged
populations and called for further work to determine the optimal approach for this
targeted education. (5) Hippisley-Cox et al concurred with this conclusion in an
examination of hospital admission data by demonstrating an association between
socioeconomic gradients; with low gradient children being at higher risk for and
injury incidence and severity for children <15 in 2002.(4) Durkin et all further
concurred with the recommendation that injury prevention interventions be
targeted to low-income neighborhoods after examining injury differences by
neighborhood level census variables.(7)

The United States mirrors other countries with its injury burden. Deaths from
unintentional injury are estimated at 3.9 million worldwide annually. (8) A
comprehensive examination of the childhood injury burden in Europe by Polinder
et al examined disability, mortality and injury burden. (9) The study reported that
the lowest burden of childhood injuries was found in the Netherlands and the UK
and the highest burden was found in Latvia. The study demonstrated large
disparities between western and eastern Europe. These finding are consistent
with other reports which examined the burden Internationally and found that injury
rates are higher, nearly double, in lower and middle-income countries as
compared to high income countries (9).

The Burden of Home Injuries

In the United States a substantial portion of unintentional injury deaths occur in

the home each year, accounting for an estimated 74,600 deaths (3). For every
home injury death, many more non-fatal home injuries occur. There were 20.7
million medically attended visits resulting from home injuries in the United States
in 2015, at an estimated cost of 255 billion dollars. (3) The young and old
experience home injuries at increased rates. (3,5).

Like adults, children are more likely to be injured in the home than at other
locations. (10,11). In the US, injuries sustained at home accounted for an
average of 4 million pediatric emergency department (PED) visits annually,



General Introduction

representing approximately 40% of PED visits for unintentional injury (11). Home
injuries disproportionately affect socioeconomically disadvantaged children (4-7)
Durkin et all demonstrated this increased risk for falls and burns in a small area
analysis in Manhattan NY (7). Hippisley-Cox et all demonstrated disparities for
burn injuries and poisonings in a study of hospital admission in the UK (4).

Fire and Burns

Fire and burns are a leading cause of home injuries. Fire and burns are among
the top three causes of home injuries fatalities. (11-15) In 2016, there were
approximately 371,500 home fires in the United States, resulting in 10,750 civilian
injuries and 2,735 civilian deaths. (16) The great majority (81%) of fire deaths
occur in the home. (16) Children and seniors over 60 are at an increased risk of
death from fire compared to the overall US population. (17) Reduction of
residential fire deaths is a long-term objective of the Healthy People National
Objectives promoted by the US Department of Health and Human Services. (18)

Hot tap water scald burns pose a serious injury risk —causing about one quarter
of all scald burns in the United States— and are associated with more deaths and
hospitalizations in children than any other hot liquid.(19-21) On average, 34
individuals died each year from tap water scald burns between 1999-2015.(22)
Every year, more than 1,300 children under 3 years old suffer from tap water
scald burns that require medical care.(23) Like children, seniors experience scald
burns at rates greater than that of general population. (24) Skin exposure to water
at 49°C/120°F will result in a serious burn in 10 minutes, whereas skin exposure
to water at 140°F can result in a serious burn in as little as 3 seconds. (25)

Injury Countermeasures

Fortunately, many of these home injuries are preventable through the use of
injury prevention measures. An evidence base has been developed and shows
promise for decreasing injury risks in the home (26-29) Research and practice
have led to an extensive body of evidence about effective home safety
modifications. Previous research on modification to low-income housing has
demonstrated that home modification interventions can reduce injury. (26-28) A
widely cited example of successfully modifying housing conditions to reduce child
injury is New York City’s “Children Can’t Fly” program, (30) which installed
window guards on high-rise apartments and is credited with significant reductions
in morbidity and mortality due to falls from windows. The success of the program
resulted in legislative change that required landlords to provide window guards
and further reductions in falls from windows.

One of the strongest examples of an evidence-based intervention to reduce home
injury deaths are smoke alarms. (31,32) Smoke alarms are one of the most
effective interventions to prevent residential fire deaths. (31) Functional smoke
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alarms reduce the risk of dying in home fires by at least half. (32) Smoke alarms
provide an early warning of a fire, giving people in a home time to escape. Low-
income families are less likely to have safety devices such as smoke alarms
installed in their homes. (32) Home visits have been demonstrated to improve
home safety practices generally. In particular, these home visits have
demonstrated improvements in the presence of working smoke alarms. (33-34)
Smoke alarm home visiting programs have contributed to increases in the
presence of functioning smoke alarms, (33-34) reduction of injuries,(35,36) and
fatalities(37)

Housing Policy: A Potential Tool to Reduce Home Injuries

Disparities in housing quality and a child’s home environment may contribute to
an increased risk of injury in low-income families. (38) Low housing quality itself
can be a barrier to child safety (38-40). The Centers for Disease Control and
Prevention has noted the link between substandard housing including injuries,
asthma, lead, and poisoning. (41). Housing Policy can be used as a tool to
improve access to quality housing via programs like the Housing Choice Voucher
Program in the United States, and socialized housing in the UK. (42,43) These
housing programs provide low-income families with assistance to pay for housing
that meets minimum quality standards and is subject to regulations to insure
quality. (43) To date, there has been little research of the extent to which housing
policies could be used as a tool to prevent injuries in children. A better
understanding of child injury risk in the home could serve as the basis for
improving housing policy.

THE PUBLIC HEALTH APPROCH

The World Health Organization defines the public health approach as a
conceptual model which focuses on preventing health problems in a way that
extends better care and safety to entire populations rather than to individuals (44).
The public health approach is a four-step systematic process grounded in the
scientific method. (45) The public health approach has been utilized to improve
health outcomes across a range of topics including mental health (46), HIV,
violence prevention (47), and suicide (48). The public health approach is
characterized by four steps: 1) define the problem, 2) identify risk and protective
factors, 3) develop and test prevention strategies, and 4) assure widespread
adoption of effective injury prevention principles and strategies.

The World Health Organization and the Centers for Disease Control and
Prevention recognize the utility of the public health approach for addressing
injuries. (44,45) The principles of the public health approach provide a useful
framework for investigating and understanding the causes and consequences of

10
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unintentional home injuries and for preventing these injuries from occurring
through primary prevention programs, policy interventions, and advocacy.

Applying the public health approach, the burden of injuries allows us to
understand and monitor the burden in order to recognize spikes, or to evaluate
decreases, which may result from a prevention program. In addition to basic
epidemiology, it is helpful to understand the circumstances of the injury events in
order understand how the most dangerous injuries might be prevented. The
process of tracking the burden of injuries over time is often called surveillance.
(49)

The second step of the public approach asks public health professionals to
examine risk and protective factors in order to understand what puts certain
individuals at increased risk, and what protects certain individuals, leading to
decreased risk. A full exploration of risk and protective factors requires public
health professionals to extrapolate recommendations for decreasing risk by
decreasing the identified risk factors or by expanding the utilization or exposure
to the protective factors.

The third step of the public health approach aims to utilize what has been learned
in steps one and two to inform the development and testing of an intervention
strategy.

The final step of the public health approach aims to share the knowledge learned
through steps one-three with the broad audience in order to assure the adoption
of the findings beyond the immediate community that was used to develop and
test the interventions.

Evaluation of Strategies to
o || ooy || e
the burden of . :> intervention :> implementati
L protective to reduce on of home
home injuries i
factors safety risks safety
in the home measures

Figure 1. Application of Public Health Approach to Address Home Injuries
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Research questions addressed in this thesis

This thesis aims to demonstrate the relevance of the public health approach for
addressing the burden of home injuries. This thesis aims to enhance our
understanding of the burden of injuries, risk and protective factors associated with
home injuries. This thesis additionally reports on the evaluation of the Johns
Hopkins Home Safety Project; community intervention trial aimed at reducing
safety risks in the homes. Finally, this these provides strategies to improve the
implementation of home safety measures. In four subsequent parts, the following
research questions are studied:

For part 1: Examining the burden of home Injuries

1. What is the burden of home injuries from scalds and housing elements in the
USA? (Chapter 2-3)

For part 2: Risk and protective factors regarding safety in the home

2. What are the main risk and protective factors for burn injuries and from
housing elements in the homes of low-income families? (Chapter 4-7)

For part 3: Evaluation of a community Intervention to reduce safety risks in the
home

3. How effective was the Johns Hopkins Home Safety Project at increasing home
safety practices? (Chapter 8-9)

For part 4: Strategies to improve the implementation of home safety measures

4. Which strategies can be used to improve adoption of home safety measures?
(Chapter 10-11)

Outline of the studies presented in this thesis

In this thesis nine studies are presented. Table 1 provides an overview of studies
presented in this thesis. The research presented in these studies are divided into
four overreaching methods for addressing injuries modeled after the public health
approach. Combined these methods prove a frame work for addressing injuries
in the home.

Part one of this thesis utilizes the first step of the public health approach: defining
the problem by examining the burden of home injuries. Chapter 2 describes the
burden of scald injuries to children under three. Chapter 3 describes the burden
of injuries to children from housing elements.

In part two, we employ the second step of the public health approach via the
utilization of four data collection efforts which were employed to identify risk and
protective factors for home safety. Chapter 4 reports on an effort to improve the

12
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accuracy of reporting of smoke alarms in the home. Chapter 5 explored injury
risks in the homes of urban children via observations of injury risks and known
injury counter measures. Chapter 6 expands our understanding of risks and
protective factors for tap water scalds in urban homes via observational home
visits to collect data about family structure and water heater characteristics.
Chapter 7 reports on qualitative interviews with parents about changes made to
the home environment post injury to prevent reoccurrence.

Part three of this thesis utilizes the third step of the public health approach:
develop and test prevention strategies. Reports on the results of a community
intervention trail aimed at reducing burn risks in urban homes. In chapter 8
results of an evaluation of a Fire Department smoke alarm installation program
are presented. In chapter 9 results of community intervention trail aimed at
improving knowledge and reducing unsafe water temperatures are presented.

Part four of this thesis utilizes the fourth step of the public health approach to
provide strategies for improving the implementation of home safety
measures. Chapter 10 broadly explores the epidemiology of home injuries and
presents the current evidence base for reducing injuries. Chapter 11 provides a
tool targeted to providers working in the homes of children to identify and
remediate injury risks. The measures on the tool aid with risk identification and
provide guidance about remediation of injury risks.

13
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STUDIES AND DATA USED

The NEISS system

In part one of this thesis, we utilize the NEISS system to explore the burden of
injuries from scald burn and housing elements. (Chapters 2-3)

The primary tool for injury surveillance of consumer products in the United States
is the National Electronic Injury Surveillance System (NEISS) of the Consumer
Product Safety Commission (CPSC). CPSC is an agency of the US government
which is charged with protecting the public from unreasonable risks of injury or
death associated with the use of the thousands of types of consumer products
under the agency's jurisdiction. NEISS provides data from a probability sample of
US emergency departments that can be used to estimate the number of injuries
due to consumer products that are treated in emergency rooms across the
country.(50) NEISS data include information about year of injury, product
involved in the injury, sex and age of the injured patient, diagnosis, disposition,
location and mechanism of injury, and body part injured, and narrative text about
the circumstances of the injury. NEISS data additionally include narrative text,
which describes the circumstances of injury. Analysis of these injury patterns
allows for a more comprehensive understanding of the circumstances.

The Safety in Seconds Project

The first chapter in part two of this thesis reports on a sub-analysis of smoke
alarm self-reported data from the Safety in Seconds Project. The Safety in
Seconds Project was a randomized trial of a smart phone application aimed at
improving car seat (intervention) or smoke alarm (control) safety behaviors. (51)
Parents of children 4-7 years old were recruited during a visit to the Pediatric
Emergency Department (PED) at the Johns Hopkins Hospital in Baltimore MD,
USA or the Arkansas Children’s Hospital in Little Rock Arkansas AR, USA.
Parents were randomized to receive a tailored educational intervention to
improve either fire safety or child passenger safety behaviors. Tailored education
was delivered via a smartphone app that was downloaded for free by study
participants. Upon downloading the app, respondents completed a baseline
assessment of their study group’s behavior and related beliefs. Based on their
responses, a personalized feedback report with tailored education was
immediately delivered in the app. Chapter 4 reports on a sub analysis from the
control group of this study which examined the benefit of an extended
questionnaire to improve self-report of smoke alarm behaviors.

14
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The Johns Hopkins Home Safety Project

Part three of this thesis presents the results of the Johns Hopkins Home Safety
Project in Chapters 8 and 9. The Johns Hopkins Home Safety Project was a
community intervention trial aimed at reducing risk from fire and burn in the
homes of urban families in Baltimore. The trial was a partnership between the
Baltimore City Fire Department, the Johns Hopkins Center for Injury Research
and Policy, and various communities in Baltimore City. The projected area
included a geographic area covering approximately 10,000 homes. The Johns
Hopkins Home Safety Project was largely modeled after the Community Risk
Reduction approach to fire prevention which was originally developed in the
United Kingdom (52) and has since become widely utilized by the fire service in
the United States. Community Risk Reduction (CRR) is a process of identifying
and prioritizing risks. (52) One step of community risk involves identifying
neighborhoods at increased risk for fire, and providing home safety visits to
distribute smoke alarms, which have been demonstrated to reduce the risk of
death. The Johns Hopkins Home Safety Project developed and tested the CRR
approach with an emphasis on increasing the acceptance of fire department
installation visits by enhancing the fire departments with community health
workers. The Johns Hopkins Home Safety Project additionally tested an
enhancement of adding in-home education about scald prevention to the Fire
Department Home visit.

All studies presented in this thesis and the National Electronic Injury Surveillance
System draw from populations in the United States limiting the generalizability to
populations beyond the United States. The literature cited in this thesis draws
from injury literature based in the European Union, United Kingdom, Canada and
Australia to more broadly reflect the evidence base on the prevention of home
injuries internationally.

15
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Table 1. An overview of the studies presented in this thesis.

Chapter Population or Data Source

Focus of the Study

Part 1 — Examining the burden of home Injuries

2 NEISS Data
US National Representative Sample
(N=2,104)

3 NEISS Data
US National Representative Sample
(N=24,793)

The burden of scald injuries in children
under three

The burden of Injuries from structural
housing elements

Part 2: Risk and protective factors regarding safety in the home

4 Parents of children in Baltimore City
N=554

5 Home of children in Baltimore City
N=246

6 Homes in Baltimore City
N=976

7 Families in Baltimore City
N=103

Parent self-report of smoke alarm
coverage in their homes

Injuries risk from structural housing
element in homes of urban children

Observed water temperature and water
heater characteristics in a sample of
urban homes

Parent report of changes to homes after a
medically-attended injury to prevent
reoccurrence

Part 3 — Evaluation of a community Intervention to reduce safety risks in the home

8 Homes in Baltimore City
N=8080

9 Home in Baltimore City
N=708

The results of an evaluation of a Fire
Department smoke alarm installation
program

The results of a scald prevention
intervention in  community intervention
trial

Part 4 — Strategies to improve the implementation of home safety measures

10 Guidance for injury community broadly

11 Guidance for individuals working in the
homes of children

Utilizing the evidence base to guide the
prevention of unintentional home injuries
across the life span

Presentation of the results of a case
control study in the form of a tool to be
utilized by practitioners working in the
homes of children
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ABSTRACT

Background objectives:

To determine the incidence of pediatric scald burns for children under 3 years of
age treated in US hospital emergency departments. To quantify injury patterns
associated with scald burns to inform prevention recommendation messaging.

Methods:

The National Electronic Injury Surveillance System (NEISS) coding manual was
reviewed for cause of injury. Its database was queried to identify cases among
patients up to age 3 years old with a diagnosis of scald burns between 1 January
2009 and 31 December 2012. The resulting data set was downloaded and case
narratives were reviewed to identify injury patterns associated with scald burns.

Results:

The NEISS query identified 2104 scald burn cases between 2009 and 2012,
yielding a national estimate of 11,028 scald burns in children younger than 3
years old annually. The analysis of the case narratives resulted in the
identification of six precipitating and/or contributing factors including:
grabbed/pulled, cooking, bathing, consuming, appliance and other.

Conclusions:

NEISS is a valuable tool to identify scald burn risks. The NEISS data system
provided an opportunity to identify and examine scald burns in children under 3
years of age. Interpretation of NEISS results is limited due to the lack of
consistency and detail in narratives about the injury event. Nevertheless, the
information that was available on precipitating and/ or contributing factors
suggests that caretakers should test the temperature of their water heaters, test
bath water before bathing children and be made aware of risk of scalds from hot
liquids so that they exercise close supervision of children.
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INTRODUCTION

Burns are a significant cause of mortality and morbidity for young children in the
USA, and globally. Burns are the second leading cause of injury death for children
under 5 years and an estimated 83 000 children under the age of 14 years are
treated in hospital emergency rooms for burn-related injuries annually. (1) Burns
are also a significant contributor to healthcare costs as scald burn deaths and
injuries among American children ages 14 years and below total about $44 million
each year, with the youngest children (ages 0—4 years) accounting for over 90%
of this cost. (2)

Scald burns from hot water or other liquids, such as coffee, are the leading cause
of burn-related emergency room visits and hospitalization for young children. (3)
Among the sources of scald burns, hot tap water is responsible for about a quarter
of all scald burns and is associated with more deaths and hospitalizations in
children than any other hot liquid. (4—6) Additional sources of pediatric scald
burns include steam vaporizers, soup, grease and noodles. (7—10)

The severity of tap water scald burns depends on the temperature of the liquid
and the duration of time the skin is exposed. (11) Previous work from individual
burn units has given insight into patterns of scald burns in children including room
of occurrence and precipitating activity (12)(13) In the household, tap water scald
burns predominately occur in kitchens and bathrooms. (12) Scald burns occurring
in the bathroom present a great danger for young children, as more of the body
is exposed to hot water during bathing. (13) For young children experiencing
scald burns in the bathroom, known patterns include falling into the bathtub,
coming into contact with hot running water, and being placed into excessively hot
water accidentally or intentionally. (13)

The preponderance of educational interventions seeking to prevent scald burns
aim to reduce risk from hot water hazards. Interventions have had mixed results.
A pooled analysis of 16 studies showed varying outcomes, but overall, families
participating in the intervention arms were found to be more likely to have a
discrete study-defined ‘safe hot water temperature’ than families in the control
arms (OR=1.41, 95% CI (1.07 to 1.86). (14) Some of the strategies used as part
of the educational interventions included conducting home safety visits with a
review of identified home hazards; (15-23) providing educational literature,
(15)(19)(22—-26) providing free thermometers (15)(25)(26) and reduced cost
safety equipment; (16)(18)(19)(22) holding educational courses, (17)(23)(24)
counselling sessions (16)(24)(27) and first-aid training; (18)(23) and raising
awareness of tap water scald burn dangers. (24) Other promising work comes
from the UK where Wynn et al (28) recently created a large case-control study to
investigate the relationships between modifiable factors and scald burns in
children less than 5 years old. In the UK, researchers have also been successful
in reducing hot water risk via the installation of antiscald burn devices in social
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housing. (27) A similar effort targeting the installation of antiscald burn devices in
a focused prevention programme was conducted in California, with 60% of
antiscald burn devices still functioning 6—9 months post installation. (29) In
Sweden, researchers have focused on delegating the responsibility of child and
adolescent burn/scald burn prevention to the national government, by creating a
national child home visiting programme for families, which includes scald burn
prevention education. (30)

The American Burn Association (ABA) Prevention Committee endorses the
following recommendations to prevent scald burns from tap water: setting home
water heaters no higher than 49°C/120°F , providing adequate and constant
supervision, and avoiding flushing toilets, running water or using dish or clothes
washers while others are showering. (11) Recognizing the variety of other scald
burn sources, the ABA recommends a number of other precautions, especially
with regards to cooking-related scald burns and microwave scald burns. (11) To
prevent cooking-related scald burns, the ABA suggests establishing a ‘safe area’
out of the traffic path between the stove and the sink where children can play
safely, while also being supervised, cooking on back burners and placing hot
items in the centre of the table during meal time. With regards to the use of
microwave ovens, the ABA suggests never heating bottles of baby formula in
them, placing the microwave at a safe height, puncturing plastic wrap to allow
steam to escape during cooking, and never putting hot coffee or tea in a mug
normally used by a child. In an effort to prevent other scald burns, the ABA also
recommends locating potpourri pots where they cannot be tipped and replacing
hot steam vaporizers with cool mist humidifiers. (11)

Though the epidemiology of scald burns has been documented and scald
prevention has been included in home safety interventions, to date, limited data
has been available about precipitating and contributing circumstances leading to
a burn injury from a large nationally representative sample. We were interested
in understanding the circumstances surrounding pediatric scald burns to inform
an infant scald burn prevention programme. The details provided by The National
Electronic Injury Surveillance System (NEISS) make it an ideal source of data to
assess mechanisms of scald burns among infants for a nationally representative
sample. (31) To our knowledge, no previous study has examined NEISS
narratives to explore precipitating and contributing factors leading to infant scald
burn injuries.
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METHODS

We queried the NEISS-AIl Injury Program (NEISS-AIP) using the following
parameters: age 1-35 months, with a diagnosis of scald burn between the years
2009 and 2012. NEISS is a publicly available surveillance system overseen by
the US Consumer Product Safety Commission to track injuries from consumer
products. NEISS is a probability sample of hospital emergency departments in
the USA and its territories and produces a national estimate of the number of
injuries treated in hospital emergency rooms. The NEISS programme uses a
nationally representative sample from 100 US hospitals. NEISS includes patient
information from each NEISS hospital for every emergency department visit
associated with a consumer product. The information collected in the NEISS-AIP
includes age, gender, primary diagnosis, injury disposition, as well as a short
narrative, which describes the circumstances of the injury. The text-based
information is entered by an onsite NEISS hospital coordinator who reviews all
emergency department records for the day, and then transcribes and codes
qualifying records. NEISS data can be used to provide estimates tailored by year
of injury, product involved in the injury, sex and age of the injured patient,
diagnosis, disposition, location and mechanism of injury, and body part injured.
From our query, the NEISS system generated a sample data file from the 100
participating NEISS hospitals as well as a national estimate of scald burns among
children less than 3 years old between 1 January 2009 and 31 December 2012.
The generated data files included details about race, gender, place of injury and
hospital disposition and narrative text which described details about the injury.
NEISS text narratives are generally two sentences long. The first sentence states
age, gender and a brief description of circumstances surrounding the injury. The
second sentence describes the diagnosis. The narrative field is limited to a total
of 142 characters. To code the case narratives, we conducted a traditional
content analysis in its simplest form. We first reviewed 100 randomly selected
case narratives and created seven mutually exclusive categories into which we
coded text as either a precipitating or contributing factor of the injury event. Any
disagreement was discussed among the authors, and the definition of each
category was refined. Over time, we collapsed two of the categories into one
resulting in six discrete categories. Another one of the authors (KP) reviewed the
remaining case narratives and coded them. Exemplar case narratives were
identified to illustrate the meaning of each precipitating or contributing factor. This
study was approved by the institutional review board of the Johns Hopkins
Bloomberg School of Public Health.
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RESULTS

The NEISS query from years 2009 through 2012 resulted in a total sample of
2104 cases, with an average of 526 cases per year. The NEISS generated a
national estimate of 44 136 cases for this 4-year period, with an average number
of 11,034 cases per year.

A description of the sample is provided in table 1. The majority of patients were
male (57.7%) and between 12 months and 23 months of age (54.0%); 49.2%
were white. Most injuries occurred in the home (97.6%), and most patients were
examined and released (74.3%)

Table 1: Demographics of Children Less than 3 Years Old with Scald Burns

NEISS Patients
N =2,104 (%)

Race White 594 (49.2)
*(n=1,208) African American 459 (38.0)
Other 155 (12.8)
Gender Male 1,214 (57.7)
Female 889 (42.3)
Not recorded 1(.05)
Age 1 to 11 months 482 (22.9)
12 to 23 months 1,136 (54.0)
24 to 35 months 486 (23.1)
Location of Injury Home 1,646 (97.6)
*(n=1,687)
Other 41 (2.4)
Disposition Examined and released 1,563 (74.3)
Treat and admitted for hospitalization 307 (14.6)
Treated and transferred 216 (10.3)
Other 18 (0.8)

The NEISS query provided a total of 2104 cases and all cases had narratives.
The review of these narratives resulted in the creation of six injury categories of
precipitating or contributing causes including: grabbed/pulled (45.34%); cooking
(17.35%); bathing (11.64%); child or parent consuming beverage or food
(11.41%); other/not specified (10.41%); appliance (3.85%). The bathing category
is inclusive of bathing in a tub or being exposed to hot water in a sink (see figure
1). Different patterns across the categories were seen by age (see figure 1).
Compared with older children, patients 1-5 months old were most likely to be
scalded by bathing (49.6%). Grabbed/pulled (47.5%) was the leading category of
precipitating or contributing cause for scald burn injury for all other ages of young
children.
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Figure 1 National Electronic Injury Surveillance System (NEISS) data: precipitating or contributing factors of scald burn by age.

Figure 1: Scald Burns by age and factors

The typical grab/pull injury resulted from a child pulling on something from the
floor or when being held by someone. Cooking injuries usually resulted from a
child being burned while being held or playing in the kitchen while an adult was
cooking. Tap water that was too hot was most commonly the cause of the bathing
injuries. Injuries coded as related to consuming something usually occurred when
the child was being held by an adult who was eating or drinking something hot.
Lastly, the typical appliance injury was a result of children being in contact with
or too close to humidifiers and steam from irons (see table 2).
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Table 2: Recommendations for Preventing Scald Burns among Children Younger than 3: National
Annual Estimates, Narrative Examples and Prevention Recommendations

% Precipitating or  Example of Narrative Prevention Recommendation

(National  Contributing

Annual Factors

Estimate)

45.5% Grabbed/ Pulled “Crawling on floor under table, e Place hot items at the center

pulled tablecloth down and cup of of the tablel"

(5,018.8) hot water spilled” e Avoid use of tablecloths to
limit child’s ability to pull and
drag items onto self or
others!'"32

“Patient reached on table and
pulled a cup of hot Ramen
Noodles on him”

“Pulled cup of scalding drink off
counter”

11.6% Cooking “Patient pulled a hot boiling pot of e Keep children away from

pasta off the stove onto self’ stove and sink and all hot

(1,280) hazardous surfaces!'"

e Keep all pot handles faced

“Patient’'s mother was frying hot oil away from the front of the
in a pan when some splashed out stovel'32
into face” e Never heat baby bottles in

i microwave!'"%2
“Burned when pulling to stand  Place microwave at a height
while mom cooking in microwave; that is safe for adults but
mom spilled hot water” away from child’s reachl!!

e Create a “child free” zone in
and around the kitchen to
limit child’s access to
potentially dangerous
situations!"

17.3% Bathing “Mom says she left patient w/ 9yo e  Check water heater setting to

sibling in tub. He turned hot water ensure that it is no higher

(1,914) on.” than 49°C/120F degrees 032

“Mom placed patient into the hot
water filled tub, thought water
cooled off enough”

“Was being bathed by a °
grandmother in sink and accidently
kicked hot water”

and retest temperature
periodically

Face the child away from the
faucet when bathing a child in
tub or sink!'":32

Constantly supervise the
child during bathing!'"32
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%

Precipitating or

Example of Narrative

Prevention Recommendation

(National  Contributing

Annual Factors

Estimate)

11.4% Consuming “Took a sip of her dad’s hot coffee ¢ Do not drink hot beverages

cup burning mouth” /eat hot foods when holding a

(1,258) child 1"%2
Make sure all food and
beverages are not too hot

“Being fed hot baby food while in before giving to a child

mother’s lap, child grabbed the

bowl and hot food fell onto thigh,

scald burn to thigh”

“Was on mom’s lap, when mom

was drinking tea, & mom spilled

tea”

3.8% Appliance “Was on bed with hot steam Recommend cool mist
humidifier next to her. DX: Facial vaporizers instead of steam
(424.8) burns” humidifiers!'"

“Burned hands on radiator heater” Use physical barriers (e.g.,
radiator covers) to keep child
separated from hot items

“Burned lower leg with steam from Make sure to unplug and turn

iron; DX: Burned lower leg” off all appliances when
finished?

Supervise child to prevent
reach and grab appliances.
10.3% Other “Picked up hot oil incense burner” Avoid using products with
open flames or open
(1,132.7 containers with hot liquids
Enhanced supervision and
“Dropped a lit candle over her vigilance around flames and
head and was burned by hot wax” other hot liquids
Total:
100%
(11,028)
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DISCUSSION

NEISS is a valuable tool to explore the epidemiology of scald injuries in young
children. Our study demonstrated that scald burns are a significant problem for
children younger than 3 years of age in the USA, with a national estimate of 11
028 emergency department visits. Our findings are similar to previous work,
which identified hot water (from bathing) and hot liquids like coffee as significant
contributors to scald burns. (2)(3—5) Unlike our study much of this previous work
was limited to scalds from one agent, for example, tap water burns or vaporizers.
(5-8) These studies examined the scald burns specific to the type of agent rather
than as a large group. This manuscript adds detail about the circumstances
surrounding the scald injuries from a national sample and categorizes them into
precipitating and contributing factors. From our analysis of NEISS case
narratives, we determined that patterns of precipitating or contributing causes
appear to be related to children’s developmental abilities, with older, more mobile
children being more likely to be scalded after pulling or grabbing an item, whereas
younger children were more likely be burned due to the actions of others. Nearly
all injuries occurred in the home (97.6%), with pulling/grabbing being the leading
precipitating factor (45.34%) for scald injuries. Details about these injury patterns
can aid providers in how to appropriately counsel parents and caretakers about
risk factors and how to prevent them. One prevention recommendation is
lowering of the water temperature by adjusting the water heater setting.
Numerous studies have demonstrated a statistically significant reduction in water
temperature via a variety of home interventions. (14) Two previous community
intervention trials demonstrated reductions in burn rates in young children. (14)
Parents and caretakers also need to be counselled about the dangers of holding
children while drinking hot liquids and while cooking. Parents may not be aware
of a young baby’s ability to grab and pull on things, which often spilled the hot
liquid onto the child. Our work helps to identify the ages at which these injuries
most often occur and can be used to enhance the prevention messages about
supervision. This work was limited by our sole reliance on NEISS as the source
of data; our work is only as robust as the NEISS data itself. The quality of the
NEISS data relies on documentation from the emergency room clinicians and the
details provided in the narrative descriptions. Additionally, it must be noted that
the NEISS surveillance system was developed by the Consumer Product Safety
Commission to track injuries from consumer products. (31) It is unknown to what
extent scald injures not associated with consumer products are missed by this
surveillance system. Additionally, we queried only injuries coded as scald burn in
the NEISS system; it is possible that some scald burns could have been
miscoded as thermal burns and therefore missed in our analysis. This type of
surveillance system has the potential to produce certain biases. Despite these
limitations, the NEISS scald burn narratives are important as they allowed us to
examine a nationally representative sample to determine precipitating and
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contributing factors of scald burns. This is the first example we could find of using
more than anecdotal reports or data from a single hospital to inform a scald
prevention programme. Our analysis of the NEISS narratives has allowed for the
development of messages, which can be shared with parents as part of a well
child visit or added to home-based safety interventions. Case narratives from
NEISS are an important yet underused tool to inform prevention education.
Though time-intensive to compile and review, the insight gained from the
narratives provides information that can be used to inform prevention programs.
NEISS data could be more useful for prevention efforts if NEISS coders
(healthcare providers) were instructed to provide more detail about the
precipitating and contributing factors that resulted in the injury. For instance,
notations about the status of adult supervision whenever a child is injured could
be informative to inform prevention messages. More details about precipitating
and contributing factors of the injury event could inform if certain products or
home environments are more or less risky for injury to occur. Currently, such
details are entered at the discretion of the coder (healthcare provider) and
frequently result in an incomplete picture of the circumstances leading up to an
injury event, thus limiting the use for intervention development. A more
standardized approach to collection of the case narratives could better inform
prevention efforts. Currently available prevention and parenting guidance
regarding scald prevention were developed with a common-sense approach to
known risk factors such as water heater temperature. This study adds age-
specific knowledge about precipitating and contributing factors, which can be
used to better target prevention messages for parents and care givers. For
example, the study demonstrated that younger children, patients 1-5 months old
were most likely to be scalded by bathing. Grabbed/pulled was the leading
category of precipitating or contributing cause for scald burn injury for children
older than 5 months. These findings can be used to better tailor prevention
messages to parents with an emphasis on bathing safety to the parents of
newborns whereas patterns of children older than 5 months should be made
aware about dangers from grab and pull scald burn injuries.

Funding: The funding for this research was provided to the Johns Hopkins Center
for Injury Research and Policy by NIH/National Institute for Child Health and
Development (1R01HD072821): Enhancing Safe Sleep Practices of Low-income
mothers.
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ABSTRACT

Objective
To quantify unintentional injuries associated with housing elements among
children less than 18 years old treated in US hospital emergency departments.

Methods

The National Electronic Injury Surveillance System (NEISS) coding manual was
reviewed, and all product codes that identified products permanently affixed to a
home (housing elements) were identified. A query of the 2008 NEISS data for
children under 18 determined the numbers of cases by severity code for each
identified housing element. Housing elements were then tabulated by the number
of cases for each severity code. The top 10 cases by severity code, (1)
hospitalized or (2) treated in emergency departments, were included in a case
review. Ten per cent of all cases or a minimum of 100 cases were randomly
selected for review for each of the identified housing elements to assess if the
case description could inform prevention efforts.

Results

Twelve housing elements (bathtub, cabinet, carpet, ceiling/wall, counter, door,
fence, floor, nail, porch, stairs and window) were identified as the leading causes
of injuries resulting in hospitalizations or emergency department visits. A list of
potential interventions was generated based on the review of the case histories.
Suggested changes for NEISS coding are also offered to enhance future
prevention research.

Conclusions

NEISS is a valuable tool to identify home injury risks and inform design decisions
for housing elements. Improved understanding of housing elements associated
with injuries has the potential to enhance home inspection forms. However,
interpretation of NEISS results is limited by lack of clarity about how the housing
element was involved in the injury event.
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INTRODUCTION

Home injuries are common, accounting for one-third of all unintentional injuries
in the USA. In addition, the home is the second most common place for fatal
injuries.(1) Children, in particular, experience injuries in their home environments
at high rates.(1, 2) According to the report, The State of Home Safety in America,
almost 2100 children younger than 15 years of age die every year from injuries
in and around the home; for every death, there are almost 1600 non-fatal home
injuries.(2) Home injuries to children is a global health issue. In the UK,
approximately 40 000 emergency hospital admissions among children under 5
years of age are reported annually.(3) In 2005, WHO and Unicef issued a call for
a greater global effort to prevent child injury, culminating in the World report on
child injury prevention, which sought to bring awareness about the global problem
of child injuries and to provide recommendations that all countries can follow to
reduce child injuries effectively.(4) While it is well accepted that how an individual
interacts with his environment can be causally related to his injury risk and that
safety products such as stair gates can mitigate risk, there is little quantitative
evidence as to the specific built environment features of the home itself that can
contribute to injuries in children. To date, injury prevention home inspection tools
have focused more on the presence of countermeasures such as smoke alarms,
stair gates and carbon monoxide alarms rather than on housing elements and
their association with injuries.(5) Previous work has evaluated the effectiveness
of efforts to reduce home injuries primarily from injury countermeasures such as
smoke alarms and antiscald devices. The interventions focused on modifying
environmental home hazards, such as fitting locks on cupboards, installing stair
gates, improving lighting and removing tripping hazards, have shown insufficient
evidence that they significantly reduce home injury.(6) Kendrick et al(7) found
successes in home safety interventions focusing on safe hot water temperature,
working smoke alarms, fire escape plans, fitted stair gates, socket covers and
poison and medicine storage. Sharfstein and colleagues found housing
characteristics, including heating adequacy, presence of rodents and holes in
walls, to be independent predictors of child health status, but this outcome did
not include a measure of injury.(8) A few other studies, including our own earlier
work, have demonstrated that living in poor quality housing conditions in poor
neighborhoods is associated with increased risk of home injury for children, and
can also be significant barriers to using home safety products.(9—12) Modifying
the home environment could have a significant impact on home injury outcomes.
Researchers in New Zealand found that home injuries were potentially related to
a structural aspect of the home environment.(13) To wit, Keall et al(14)
successfully targeted fall injuries through a successful home modification
programme (e.g., handrails, repairs to steps, non-slip modifications, lighting,
etc.), resulting in a significant decrease in falls. The purpose of this paper is to
add to this small body of literature data on specific built environment features of
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homes that are associated with children’s injury using the National Electronic
Injury Surveillance System (NEISS). NEISS is a publicly available database
overseen by the US Consumer Product Safety Commission (CPSC). NEISS has
been used to explore injuries from a wide variety of products, including those from
recreational activities including mountain biking,(15) unicycles(16) and water
tubing(17); occupational injuries from ladders(18) and nail guns,(19) and home
injuries including hot tubs (20) and bunk beds.(21) Although focused on
consumer product-related injuries, NEISS also captures information about
injuries more broadly, and thus, can help identify hazardous conditions in the
home.(22) We first present frequencies of the leading types of structural housing
elements associated with child injury, followed by a summary of the narrative
description of these injuries. We conclude with recommendations that could be
implemented either during home construction or as a part of home inspections to
prevent the identified injuries. Finally, we make suggestions about enhancements
to NEISS, which would make it more useful for practitioners.

METHODS

The NEISS-AIl Injury Program (NEISS-AIP) uses data from a nationally
representative sample of 62 hospitals in the USA. NEISS consists of a probability
sample of hospital emergency departments (EDs) in the USA and its territories
that is used to produce national estimates of the number of consumer product-
related injuries treated in hospital EDs. (23) (For additional details on the design
and implementation of NEISS, see http://www.cpsc.gov/neiss/2001d011—
6b6.pdf.) We used NEISS 2008-2012 data for quantitative analysis. To define
eligible injuries, we first reviewed the NEISS coding manual (http:/
www.cpsc.gov/neiss/ completemanual.pdf ) to determine codes that were related
to the home environment. Consistent with the purpose of our analysis, we defined
eligible injuries as those associated with ‘structural housing elements that were
attached to the home’. Examples of attached items included floors, windows,
cabinets, bathtubs, etc. Examples of excluded unattached items are curtains and
televisions. In all, 26 codes reflecting attached structural housing elements were
selected for analysis. We queried the NEISS-AIP database for 2008 and identified
the top 10 structural housing elements associated with emergency room visits
and the top 10 structural housing elements associated with hospitalizations for
children aged 1 month to 18 years. We then selected the 12 structural housing
elements, which represented the combined top 10 lists for both emergency room
visits and hospitalizations. We then queried the 2008 NEISS-AIP for each of the
identified structural housing elements for children aged 1 month to 18 years; the
query generated a sample for the 62 NEISS hospitals as well as a national
estimate. The sample file included race, age, gender, injury disposition and a
case narrative for each record. A random sample of narratives (approximately
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10% of total number of injuries or at a minimum n=100 if 10% was less than
n=100) were selected for review. The study team conducted a review of these
narratives to identify potential preventive measures in light of currently available
countermeasures and with attention to the time and cost of the proposed
modification. We distinguished primary prevention solutions (e.g., anti-slip
coating in tubs and floors, locking devices on windows) that need to be
incorporated during construction of new homes from secondary solutions (i.e.,
grab bars, removal of protruding nails) that could be addressed during home
inspections. Examination and discussion of the case narratives was used to
identify preventive measures. The Institutional Review Board of the Johns
Hopkins Bloomberg School of Public Health approved this study.

RESULTS

Housing-Related Injuries Identified

The twelve housing elements associated with the highest number of ED visits or
hospitalizations from the NEISS data set are shown in Table 1. The NEISS
sample and national estimates of emergency department visits for each of these
structural housing elements are also displayed in Table 1. The NEISS estimate
of emergency department visits associated with the identified housing elements
ranged from a high of 206,668 (67.96 per 100,000 annually) for floors, to a low of
19,282 (6.34 per 100,000 annually) for injuries associated with counters. The
analysis identified well-documented injury risks, such as stairs, with an estimated
150,015 (49.33 per 100,000 annually) ED visits and bathtubs with 49,789 (16.37
per 100,000 annually) estimated ED visits. Our analysis also identified less
obvious injury risks such as the estimated 77,195 ED (25.39 per 100,000
annually) visits associated with ceilings and 31,243 (10.27 per 100,000 annually)
injuries associated with protruding nails.
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Table 1. Housing-Related Injuries Identified from NEISS-AIP 2008

Housing Element ED Visits NEISS ED Visits National ED Visits National

Sample Estimate Estimate Rate
(per 100,000)

Floor 6886 206,668 67.96

Stair 4983 150,015 49.33

Door 3033 92,228 30.33

Ceiling 2424 77,195 25.39

Bathtub 1595 49,789 16.37

Cabinet 1149 36,988 12.16

Window 916 27,670 9.10

Nail 892 31,243 10.27

Carpet 812 19,600 6.45

Porch 746 24,644 8.10

Fence 687 21,715 7.14

Counter 670 19,282 6.34

Demographics

As displayed in Table 2, males account for the majority of injuries for all housing
elements; the percentage was highest for fences where males accounted for 67%
of injuries compared to only 51% of injuries on stairs. The vast majority of injuries
resulted in children being treated and released — more than 90% for every
element except injuries associated with windows which was 89%. The lowest
mean age for children was 47.1 months for injuries associated with carpets, while
the highest mean ages were associated with fences (108.7), windows (105.5),
and nails (102.3).

Table 2. Demographics and Disposition of Injuries Caused by the 12 Housing Elements

Housing Element Mean Age  Sex= Male Race= White Disposition = Treated and
(N= Months) N(%) N(%) Released N(%)

Bathtub 72.7 858 (53.79) 675 (42.32) 1523 (95.49)
Cabinet 62.2 704 (61.27) 515 (44.82) 1114 (96.95)
Carpet 471 452 (55.67) 299 (26.82) 772 (95.07)
Ceiling 93.5 1530 (62.12) 1001 (41.30) 2389 (98.56)
Counter 57.0 393 (58.66) 308 (45.97) 637 (95.07)
Door 74.9 1655 (54.57) 1147 (37.82) 2997 (98.15)
Fence 108.7 460 (67.45) 272 (39.88) 644 (94.43)
Floor 50.2 3682 (53.47) 2551 (37.05) 6480 (96.10)
Nail 102.3 564 (63.23) 373 (41.82) 864 (96.86)
Porch 85.3 429 (57.51) 334 (44.77) 690 (92.49)
Stair 85.2 2535 (50.87) 1992 (39.98) 4793 (96.19)
Window 105.5 582 (63.54) 350 (38.21) 816 (89.08)
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Case narratives and Potential Solutions

Case narratives providing more details about injury events were reviewed and
organized by each of the 12 housing elements. Examples of narratives that were
typical and provided the range of experiences were selected for display in Table
3.(please see table 3 at the end of the chapter) Many injuries resulted from slips,
trips and falls particularly those associated with stairs, carpets and bathtubs. Nail
injuries generally resulted in lacerations and puncture wounds. Door injuries
resulted from doors being closed on fingers to doors falling on children. The
scenarios include varying amounts of information and there is no consistent
structure to the level of detail provided. In some cases, there is an interaction of
the child with the housing element after some risky behavior (e.g., child running
or jumping); in other cases, the housing element seemed to mal-function in the
absence of any specific risky behavior by the child (e.g., shower door fell); and,
finally, in other cases the housing element seemed to have been used
appropriately and the child was injured in the absence of any specific risky
behavior (e.g., slipped in tub).

After reviewing each narrative, the authors identified a number of potential
countermeasures to prevent injuries associated with each housing element. For
example, bathtub narratives describe many examples of slips and falls generating
a countermeasure recommendation of installing tubs with slip resistant surfaces.
The door case narratives revealed serious injuries to fingers including
amputation, which could be minimized by installing doorstops as a
countermeasure.

DISCUSSION

The NEISS database is a tremendous national resource which has demonstrated
real-world utility since its inception. The examination and presentation of NEISS
data have led to product recalls (e.g., lawn darts, high-powered magnet sets),
(24, 25) creation of voluntary standards (e.g., window blind cords), (26) and even
awareness of injury sources, leading to the development of new, safer equipment
(e.g., tractor rollover protective structures).(27) It has had a significant impact in
recreational, household, and occupational products, which affect people daily.
Injury surveillance systems are employed in other countries, though none have
been as extensively utilized for reporting in the peer-reviewed literature as the
NEISS system. A review of The Canadian Hospitals Injury Reporting and
Prevention Program (CHIRPP) data has shown great variance of sensitivity, and
systematic errors in data capture.(28) The National Injury Surveillance Unit of
Australia has an acknowledged shortcoming in that it lacks a source of national
quantitative data suitable for monitoring consumer product safety.(29) The Home
and Leisure Accident Surveillance System (HASS/LASS) of the UK was
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discontinued in 2003.(30) This manuscript reports on our utilization of the NEISS
database to explore the burden of unintentional injuries associated with housing
elements among children less than 18 years old treated in U.S. hospital
emergency departments.

Demographically our results are in line with other national samples with males
experiencing more injuries than females.(31)The great majority of injured patients
for each of the housing elements explored were treated and released from the
emergency department; which is also consistent with reporting on injuries
broadly.(31) The NEISS data system provided an opportunity to identify housing
elements associated with home injuries and to suggest countermeasures that
could be used to prevent them either at the time of home construction or during
home inspections (e.g., for resale, mortgages, or as part of home visiting
programs). Previous research using the NEISS data system has reported
products with substantially lower yearly estimates than structural housing
elements. For example, Thompson et al reported on an estimated 64,657 (3,232
per yr.) inflatable bounce house injuries over a 20-year period ending in
2010.(32)D’Souza reported on an estimated 572,580 (35,786 injuries annually)
bunk bed injuries over a 16-year period ending in 2005.(21) Injuries associated
with ladders were also reported by D’Souzawith an estimated 2,177,888 injuries
in the United States over a 16-year period ending in 2005.(33) D’Souza’s ladder
work reported on an average yearly estimate of 136,118, ranking it below the
highest two housing elements we identified in our analysis: floors at 206,668 and
stairs at 150,015.

When case narratives provided sufficient detail about the circumstances
surrounding the injury, we could offer recommendations for prevention in other
cases, sufficient detail was not offered in the narrative to truly understand housing
element’s contribution to the injury, our original intent was to code each injury as
being associated with the condition or the housing element. For example, if an
injury associated with a door was due to a defect in the door as opposed to a
child running into the door but this was not possible because of the lack of
necessary detail in the case narratives. It would be extremely helpful if all
individuals from hospital administrators, to intake clerks, to clinical staff an well
as NEISS coders were trained to note as specifically as possible the
circumstances surrounding an injury event and to extract as much detail as
possible so that that precipitating events and causation could be better elucidated

and understood from the NEISS narratives.(34) It would also be helpful if the
NEISS narrative field allowed for more text to the entered; currently only 141
characters are permitted for the narrative details, which is supposed to include a
description of what the victim was doing when the injury occurred, the product
involved, location and verbatim quotes. The character limit may not allow space
for to detail the condition of the products. We observed several instances of the
narrative text being truncated mid-description and think that, at least in some
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cases, time allows for coders to record a description longer than 141 characters.
It may be prudent to pilot these suggestions with a small sample to estimate the
time and cost burden as well as to gage the benefit of the added information. It
may also be possible to consider these changes to the data system when the
system is next upgraded. Additionally, it would also be useful to validate the
conclusions we draw about the role of the housing element itself by follow-back
interviews with parents or the child when old enough. Our suggested
enhancements to the NEISS system are not novel. As early as 1997 the
Government Accountability Office produced a report entitled "Consumer Product
Safety Commission: Better data needed to help identify and analyze potential
hazards" which called attention to the NEISS system’s inability to generate
estimates for anything smaller than a national sample limiting it utility for state
and regional estimates and making interstate comparisons impossible. The same
report noted that the NEISS system lacked the detail necessary to assess
causality that is whether the product in question caused the injury or merely was
involved with the injury. It additionally noted that NEISS did not contain E codes
which briefly describe the circumstances of the injury and suggested that such
detail would be help in understanding the injuries reported by the NEISS
system.(35) More recent work has explored the utility of using NEISS narratives
text to identify exposure information in case-control studies.(36) Graves et all
found the narrative useful but noted that the utility was limited to the information
which was asked and recorded throughout the clinical encounter.(36)

Utilizing NEISS data to inform the relationship between housing elements and
injury risks presents several limitations. The NEISS database does not capture
visits of patients who seek treatment at non-ED locations such as their primary
care provider or an urgent care center, therefore treatment at urgent and primary
care centers are excluded from the national estimates. Information regarding
follow-up care is not available in the NEISS system preventing analysis beyond
the initial ED visit. Details offered in the case narratives were frequently
insufficient in understanding the relationship between the injury event and the
precipitating events and housing element condition. Additionally, case narratives
of child injuries do not routinely include information about whether the injury event
was witnessed by an adult or if the child was being supervised by an adult at the
time of the event. This lack of detail prevents a full understanding of the cause of
injury and therefore limits our ability to fully understand which preventive
measures could reduce injuries. The addition of standardized fields to collect
detail about condition of product, precipitating events, and adult supervision could
greatly enhance the utility of the NEISS data set. Again, a pilot trial of a system
of standardized fields would be necessary to estimate the time and cost burden.
Many of the narrative fields we examined included some elements of the
standardized fields we are suggesting indicating that in some cases the detail is
available. However, the information was not recorded systematically or routinely
making the analysis and synthesis less feasible.
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Our recommendations are complimentary to those put forward in the 2008 World
report on child injury prevention which calls specifically for enhanced quality and
quantity of data for child injury prevention. While the NEISS system is already
responsive to several recommendations made by the World report on child injury
prevention, further enhancements to the system will improve on these activities.
With more details on causes of injury, NEISS could be used to help implement
specific actions to prevent and control child injuries. Further, the greater detail on
cause of injury and causation through the narratives will enhance the quality and
quantity of data for child injury prevention.(4)

Studying NEISS revealed that structural housing elements vary in their propensity
to injure.

Structural housing elements are very common source of injury. NEISS narratives
are a valuable tool to identify potential countermeasures both primary and
secondary for injury prevention.

This analysis can be used as a foundation for evidence-based programs to
inspect housing structures to make them safer. Individuals conducting homes
inspections or building new housing could benefit from prevention measures
which were identified from this analysis. Additionally, we hope that the injury
community broadly, and the CPSC specifically, consider modifications to the
NEISS system, particularly the narratives to allow for the capture of greater
details which could be used to establish a more comprehensive understanding of
the involvement of a product in causing or contributing to an injury as well as the
precipitating and contributing factors surrounding injury events. Such detail would
allow for the development of more robust injury prevention initiatives.

46



Structural Housing Elements associated with Home Injuries in Children

REFERENCES

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Runyan CW, Casteel C, Perkis D, et al. Unintentional injuries in the home in the United States
Part I: mortality. Am J Prev Med. 2005;28:73-9.

Finkelstein EA, Corso PS, Miller TR. The Incidence and Economic Burden of Injuries in the
United States. New York: Oxford University Press; 2006:161.

Public Health England (2014). Reducing unintentional injuries in and around the home among
children under five years. London, Public Health England.

Peden M, Oyebite K, et al. World Report on Child Injury Prevention. Geneva, Switzerland. World
Health Organization. 2008

Phelan KJ, Koury J, Xu Y, et al. Validation of a Home Injury Survey. Inj Prev. 2009;15:300-6.
doi:10.1136/ip.2008.020958.

Turner S, Arthur G, Lyons RA, et al. Modification of the home environment for the reduction of
injuries. Cochrane Database Syst Rev. 2011:2. doi: 10.1002/14651858.CD003600.pub3.
Kendrick D, Young B, Mason-Jones AJ, et al. Home safety education and provision of safety
equipment for injury prevention. Cochrane Database Syst Rev. 2012;9. doi:
10.1002/14651858.CD005014.pub3.

Sharfstein J, Sandel M, Kahn R, et al. Is child health at risk while families wait for housing
vouchers? Am J Public Health. 2001;91:1191-92.

Gielen AC, Wilson MEH, Faden R, et al. In-home injury prevention practices for infants and
toddlers: the role of parental beliefs, barriers, and housing quality. Heal Educ Quart.
1995;22:85-95.

Cubbin C, Smith GS. Socioeconomic inequalities in injury: critical issues in design and analysis.
Annual Rev Publ Health. 2002;23:349-375.

LeBlanc JC, Pless B, King JW et al. Home safety measures and the risk of unintentional injury
among young children: a multicentre case-control study. Canadian Med Assoc J. 2006;175:883-
887.

Kendrick D, Mulvaney C, Burton P, et al. Relationship between child, family, and neighborhood
characteristics and childhood injury: a cohort study. Soc Science Med. 2005;61:1905-15.

Keall MD; Howden-Chapman P; Baker MG, et al. Formulating a programme of repairs to
structural home injury hazards in New Zealand. Accid Anal Prev. 2013;57:124-30.

Keall MD, Pierse N, Howden-Chapman P, et al. Lancet 2014;385:231-238

Nelson NG, McKenzie LB. Mountain biking-related injuries treated in emergency departments
in the United States, 1994-2007. Am J Sports Med. 2011;39:404-9. doi: 10.1177/
0363546510383478

Wang ML. Unicycle injuries in the United States. J Emerg Med.2013;44:502-7. 2013. doi:
10.1016/j.jemermed.2013.05.024.

Heinsimer KR, Nelson NG, Roberts KJ, et al. Water tubing-related injuries treated in US
emergency departments, 1991-2009. J Phys Act Health. 2013;10:151-9.

Socias CM, Chaumont Menéndez CK, Collins JW, et al; Centers for Disease Control and
Prevention (CDC). MMWR Morb Mortal Wkly Rep. 2014;63:341-6. Erratum in: MMWR Morb
Mortal Wkly Rep. 2014;9;63:416.

Lipscomb HJ, Schoenfisch AL. Nail gun injuries treated in U.S emergency departments, 2006-
2011: Not just a worker safety issue. Am J Ind Med. doi:10.1002/ajim.22457

Alhajj M, Nelson NG, McKenzie LB. Hot tub, whirlpool, and spa-related injuries in the U.S.,
1990-2007. Am J Prev Med. 2009;37:531-6. doi: 10.1016/j.amepre.2009.08.024.

D'Souza AL, Smith GA, McKenzie LB. Bunk bed-related injuries among children and
adolescents treated in emergency departments in the United States, 1990-2005. Pediatrics.
2008;121:e1696-702. doi: 10.1542/peds.2007-2555.

Mao SJ, McKenzie LB, Xiang H, et al. Injuries associated with bathtubs and showers among
children in the United States. Pediatrics. 2009;124: 541-547.

Schroeder T, Ault K. The NEISS Sample (Design and Implementation) 1997 to Present. U.S.
Consumer Product Safety Commission, 2001.http://www.cpsc.gov/neiss/2001d011-6b6.pdf
(accessed August 1, 2010)

47


javascript:AL_get(this,%20'jour',%20'Am%20J%20Public%20Health.');
http://www.ncbi.nlm.nih.gov/pubmed/21076012
http://www.ncbi.nlm.nih.gov/pubmed/21076012
http://www.ncbi.nlm.nih.gov/pubmed/23871477
http://www.ncbi.nlm.nih.gov/pubmed/22394544
http://www.ncbi.nlm.nih.gov/pubmed/22394544
http://www.ncbi.nlm.nih.gov/pubmed/25914335
http://www.ncbi.nlm.nih.gov/pubmed/25914335
http://www.ncbi.nlm.nih.gov/pubmed/19944920
http://www.ncbi.nlm.nih.gov/pubmed/19944920
http://www.cpsc.gov/neiss/2001d011-6b6.pdf

Chapter 3

24,

25.

26.

27.

28.

29.
30.
31.
32.
33.
34.

35.

36.

48

U.S. Consumer Product Safety Commission. Following Recent Injury CPSC Reissues Warning:
Lawn Darts Are Banned and Should Be Destroyed. 1997.http://www.cpsc.gov/
en/Newsroom/News-Releases/1997/Following-Recent-Injury-CPSC-Reissues-Warning-Lawn-
Darts-Are-Banned-and-Should-Be-Destroyed/ Date Accessed: 7/7/2015.

U.S. Consumer Product Safety Commission. Buckyballs and Buckycubes High-Powered
Magnet Sets Recalled Due to Ingestion Hazard; Craig Zucker To Fund A Recall Trust, Settles
With CPSC. 2014. http://www.cpsc.gov/en/Newsroom/News-Releases/2014/Buckyballs-and-
Buckycubes-High-Powered-Magnet-Sets-Recalled/ Date Accessed: 7/7/2015

U.S. Consumer Product Safety Commission. Window Bling Cords Voluntary Standards
Activities. 2013. http://www.cpsc.gov/en/Regulations-Laws--Standards/Voluntary-Standards/
Window-Blind-Cords/ Date Accessed: 7/7/2015

Reynolds S, Groves W. Effectiveness of roll-over protective structures in reducing farm tractor
fatalities. Am J Prev Med. 2010. doi:10.1016/S0749-3797(00)00142-2

Hopkins R. Farm equipment injuries in a rural county, 1980 through 1985: the emergency
department as a source of data for prevention. Annals of Emergency Medicine.1989:18:758-
762.

Harrison J. Australian Injury Surveillance Data Standards. Annals of Emergency Medicine. 2010
http://www.cdc.gov/nchs/datalice/ice95v2/c04.pdf

The Royal Society for the Prevention of Accidents. HASS and LASS Home & Leisure Accident
Surveillance System. http://www.hassandlass.org.uk/ Date Accessed: 7/7/2015

CDC. Nonfatal Injury Data. Centers for Disease Control and Prevention. http://www.cdc.gov/
injury/wisqars/nonfatal.html. Date Accessed: 7/7/2015

Thompson MC, Chounthirath T, Xiang H, et al. Pediatric inflatable bouncer-related injuries in
the United States, 1990-2010. Pediatrics. 2012;130:1076-83. doi:10.1542/peds.2012-0473.
D'Souza AL, Smith GA, Trifiletti LB. Ladder-related injuries treated in emergency departments
in the United States, 1990-2005. Am J Prev Med. 2007;32:413-8.

U.S. Consumer Product Safety Commission. NEISS Coding Manual.1982. https://www.
cpsc.gov//Global/Neiss prod/completemanual.pdf

U.S. General Accounting Office. Consumer Product Safety Commission: Better data needed to
help identify and analyze potential hazards (HEHS-97-147). Washington, DC: General
Accounting Office; 1997 [7 July 2015]; http://www.gao.gov/products/HEHS-97-147

Graves JM, Whitehill JM, Hagel BE, Rivara FP. Making the most of injury surveillance data:
using narrative text to identify exposure information in case-control studies. Injury. 2015;46:891-
7. doi: 10.1016/j.injury.2014.11.012.



http://www.cpsc.gov/en/Newsroom/News-Releases/1997/Following-Recent-Injury-CPSC-Reissues-Warning-Lawn-Darts-Are-Banned-and-Should-Be-Destroyed/
http://www.cpsc.gov/en/Newsroom/News-Releases/1997/Following-Recent-Injury-CPSC-Reissues-Warning-Lawn-Darts-Are-Banned-and-Should-Be-Destroyed/
http://www.cpsc.gov/en/Newsroom/News-Releases/1997/Following-Recent-Injury-CPSC-Reissues-Warning-Lawn-Darts-Are-Banned-and-Should-Be-Destroyed/
http://www.cpsc.gov/en/Newsroom/News-Releases/2014/Buckyballs-and-Buckycubes-High-Powered-Magnet-Sets-Recalled/
http://www.cpsc.gov/en/Newsroom/News-Releases/2014/Buckyballs-and-Buckycubes-High-Powered-Magnet-Sets-Recalled/
http://www.cpsc.gov/en/Regulations-Laws--Standards/Voluntary-Standards/Window-Blind-Cords/
http://www.cpsc.gov/en/Regulations-Laws--Standards/Voluntary-Standards/Window-Blind-Cords/
http://www.cdc.gov/nchs/data/ice/ice95v2/c04.pdf
http://www.hassandlass.org.uk/
http://www.cdc.gov/injury/wisqars/nonfatal.html
http://www.cdc.gov/injury/wisqars/nonfatal.html
http://www.ncbi.nlm.nih.gov/pubmed/23184115
http://www.ncbi.nlm.nih.gov/pubmed/23184115
http://www.ncbi.nlm.nih.gov/pubmed/17478268
http://www.ncbi.nlm.nih.gov/pubmed/17478268
https://www.cpsc.gov/Global/Neiss_prod/completemanual.pdf
https://www.cpsc.gov/Global/Neiss_prod/completemanual.pdf

Structural Housing Elements associated with Home Injuries in Children

Table 3. Potential Counter measures as indicated by case reviews

Housing NEISS Case Narratives Prevention measures
Element
Bathtub “Fell in tub hitting head DX: Install a slip-resistant mat into bathtub or shower

closed head injury” (age 7 yr.)

“Patient was pregnant and
slipped while getting out of the
shower onto wet floor strained
lower back” (age 17 yr.)

“Patient getting out of the bath
tub and slipped and fell striking
chin laceration face” (age 3 yr.)

“Burned by water in tub, bath
water too hot.” (age 8 yr.)

“Patient was in the tub with
brother, shower door fell on
both boys, had numerous cuts,
has RT lower leg wound. DX-
RT lower leg laceration” (age 3
yr.)

“Patient was trying to sit down
in the shower, the soap dish
broke and cut her.” (age 7 yr.)

Cabinet “Laceration to elbow fell onto
corner of bookshelf at home”
(age 2 yr.)
“Patient ran into china cabinet
glass broke and cut leg”
(age 11 yr.)
“Slammed hand in cupboard
door. DX. Finger skin avulsion,
hand contusion”
(age 15 months)

“Patient sustained an injury to
her face when a kitchen
cabinet came loose and fell on
patients Left side of body.”
(age 7 yr.)

Carpet “Fell half flight of stairs,
carpeted stairs with plastic on
it, cried immediately, DX
closed head injury” (age 21
months)
Patient sustained fracture to
lower leg after tripping over a
carpet” (age 15 months)

Ceiling/Wall “Lacerated eye, sconce fell
from wall” (age 5 yr.)

“Fell on corner of wall when
running; DX lacerated scalp”
(age 3 yr.)

floor

Install slip-resistant flooring in bathrooms,
especially around baths/showers

Install a slip-resistant mat just outside bathtub or
shower; install grab bars to improve stability;
install water-resistant padding on top areas of
bathtubs to create a “forgiving” surfacing

Install anti-scald devices such as Thermostatic
Mixing Valves (TMV )to limit water temperature

Check for shower doors that may be loose and
repair

Install shower systems with integrated and
inverted soap dishes such that nothing protrudes
into the shower space

Install corner guards and cushions on all hard
surfaces in the home.
Place corner guards on cabinet corners

Install stickers on glass doors to make them more
visible to residents

Install door stops that prevent hands/feet from
getting pinched, crushed or lacerated

Inspect installed cabinets to ensure stability

Inspect all carpets and rugs for tripping hazards

Inspect all carpets and rugs for tripping hazards
(eliminate throw rugs or install non-skid tape
underneath to maintain stability)

Inspect all lighting and other fixtures and stable
and secure (properly installed)
Ensure that all ceiling pieces fixtures are stable

Install corner cushions on walls

49



Chapter 3

Housing NEISS Case Narratives Prevention measures

Element

Counter “A countertop fell on finger Inspect for loose countertops
hematoma subdual left third
finger” (age 9 months)
“Hit forehead on corner of Inspect that all counter tops are properly installed
counter, laceration” (age 2 yr.) and secure, require edges or corners that are

rounded (bullnose)

Door “Patient’s mother was closing  Install door stops to prevent hands/feet from
a door when patients finger got getting pinched, crushed or lacerated
caught in door resulting in an
open distal phalangeal
fracture” (age 4 yr.)
“Heavy bi-fold closet door fell  Inspect all doors to ensure proper installation and
on patient who was on floor at  structural integrity; replace old/broken doors to
home, mom heard noise and prevent from falling
found patient under fallen
door, loc; subdural hematoma”
(age 3 yr.)
“Patient at grandmother’s Inspect all doors to ensure proper installation and
house and cut head on screen structural integrity; install door stops to prevent
door.” (age 7 months) hands/feet from getting pinched, crushed or

lacerated

Fence “Gate fell on him, DX fractured Inspect gates and fencing for structural integrity
upper leg” (age 3 yr.)

Floor ‘DX FB RFT: Splinterin L FT, Inspect condition of wood floors to holes, loose or
states she got it sliding in her  missing boards, and overall condition
sock feet in foyer” (age 7 yr.)
“Laceration: child running at Apply non-slip surface to floors to reduce slips and
aunt’s house, fell onto cousin, falls
then onto the hardwood floor”
(age 3 yr.)
“Patient sustained a laceration Inspect condition of wood floors to holes, loose or
to RT lower leg on a piece of  missing boards, and overall condition
broken floor tiling laceration
leg” (age 11 yr.)

Nail “Laceration to hand and tooth  Inspect for any protruding nails/screws,

injury when this teen tripped particularly on floors, walls and cabinets and
over a nail — admitted for replace or address any that are protruding
repairs” (age 16 yr.)

“Patients mom states child was
jumping on bed and hit foot on
a nail in the wall DX: puncture

wound left foot” (age 3 yr.)

“Patient cut hand on a nail
sticking out of a cabinet at
home” (age 16 months)

“Stepped on a board with nails Inspect home for unsafe items/conditions
sticking out of it thru shoe into  Remove any loose boards/pieces of wood/building
foot” (age 5 yr.) supplies
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Housing NEISS Case Narratives Prevention measures
Element
Porch “Patient got splinter in his RT  Inspect outside decking for proper installation,
foot yesterday walking on structural integrity and overall condition
deck. Removed. Today wound
painful, red, draining pus, IV
abx needed.” (age 7 yr.)
“Fell through railing on porch.  Inspect all railings to ensure proper installation,
DX supracondylar fracture structural integrity and overall condition
humerus” (age 6 yr.) Ensure that all components of the porch are in
good condition
“Fell porch — Fracture elbow” Install banisters/fences around porch, particularly
(age 5yr.) if it's high
“Patient with fracture to left Install railing for porch steps
ankle after missing step off
porch” (age 18 yr.)
“Running, slipped on wet porch Add coating to reduce slips and falls
and fell, L elbow pain DX:
elbow contusion” (age 10 yr.)
Stairs “Being carried by mom who Clear the stairs to prevent slipping on objects such

was walking upstairs & tripped
over a toy & fell hitting
patient’s head against wooden
step, no loc (age 1 month)

“Patient slipped and fell on ice
covered sidewalk, pt. hit head
on a concrete step.” (age 13
yr.)

“Patient fell down 10 stairs.
DX: R frontotemporal SDH”
(age 2 yr.)

“Patient fell 10 ft off side of
stairs onto ground.” (age 2 yr.)

“NS: Fell down 4 carpeted
steps, impacted carpeted floor,
c/o occipital head injury,
denies l.o.c.” (age 5 yr.)

as books, toys, clothes

Educate residents about need to clear sidewalks
and stairs of ice and snow to prevent falls

Install baby-gates at top and bottom of stairs
Educate residents about how to use and when to
stop using

Inspect all external stairs to ensure proper railings
and banisters are in place and in good condition

Check for any loose boards
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Housing NEISS Case Narratives Prevention measures
Element
Window “Cut to arm on broken window Inspect all windows to ensure proper installation

glass DX: Arm laceration” and in good condition
(age 16 yr.)

“Pushing on window which
broke/lacerations to both
forearms” (age 7 yr.)

“Contusion to hand window fell Inspect all windows to ensure proper installation
on hand at home” (age 2 yr.)  and in good condition; Install window stops to limit
abrupt window closures
Place window guards or stoppers to prevent
window from falling on hand or head

“Patient fell 5 stories from Install window guards on all windows above
window.” (age 2 yr.) ground to prevent falls

“Patient pushed out window
screen and fell from 2" floor
window onto concrete. DX: R
sdh x2, R occ skull FX, closed
head injury” (age 1 yr.)

“Patient pushed a TV stand up
to a window and fell 4 stories
out to the ground. In care of
babysitter at time. In & out
conscious.” (age 2 yr.)

“Left wrist laceration from Use shatter-proof glass in windows
putting arm through glass

window.”

(age 16 yr.)

52



Part 2

Risk and protective factors regarding
safety in the home

53






Chapter

Improving Smoke Alarm self-report via a
prompted questionnaire

Shields WC, Omaki E, McDonald EM, van Beeck EF, Gielen AG
(in review Journal of Public Health Management and Practice)

55



Chapter 4

ABSTRACT

Previous work has demonstrated discrepancies between self-reported and
observed smoke alarm functionality. This study aimed to improve self-report of
smoke alarm status. Parents of children were asked if they had: 1) any working
smoke alarm; and 2) a working smoke alarm on every level of their home (Brief
Form). Subsequently, parents answered an Extended Form prompting them to
consider each level and how they knew the smoke alarms were functioning. In
total, 554 participants completed both forms. On the Brief Form, 96% of
participants reported having any smoke alarm and 92% reported having a
working alarm on every level. On the Extended Form, 85% of parents reported
having any smoke alarm and 73% reported having a working alarm on every
level. Prompting residents to consider the presence and functionality of smoke
alarms on each level of their home increased the opportunity to provided tailored
communication to improve smoke alarm coverage.
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INTRODUCTION

In 2016, there were approximately 352,000 residential fires resulting in 2,950
civilian deaths and 12,775 civilian injuries.” A working smoke alarm is known to
reduce the risk of dying in a fire by 50%,? however, many homes lack the
recommended number of smoke alarms (i.e., one on every level of the home).3
Sixty percent of home fire deaths occur in homes with no smoke alarms or smoke
alarms that do not work. *

Previous work also demonstrated discrepancies between self-reported and
observed smoke alarm functionality with positive predictive values ranging from
26% to 90%.4% When answering commonly used questions to assess smoke
alarm status, the general public over-reports because they may not consider all
levels of the home and because they may be unaware of indicators of alarm
functionality.5

While observed data may be the recognized gold standard, direct observations
may not be feasible from a resource or time perspective. Self-reported smoke
alarm information is still useful 8 and it may be possible to enhance data quality
by improving how and what questions are asked. The goal of the research
presented here is to compare two self-reported measurement options to
determine how to enhance the accurate reporting of the presence and
functionality of smoke alarms. As part of a larger study on child home safety, we
compared a Brief Form and an Extended Form of questions about smoke alarm
status.

Self-report of health indictors is the primary mechanism by which providers and
community health practitioners elicit information for the populations they serve.
Overreporting of health behaviors has been associated with social desirability
bias and also the lack of understanding of survey questions. 7 It is recommended
that pediatricians counsel parents about a range of injury prevention behaviors.
8However, no standardized set of self-reported questions have been validated to
ensure the accurate reporting of injury risk factors. Our previous work around safe
sleep has demonstrated that parents report more risk factors when asked a more
detailed set of questions as compared to that which they reported to their
providers. 9Similarly fire fighters promoting smoke alarms often rely on residents’
self-report when conducting community canvassing programs. ¢ Inaccurate report
of smoke alarm functionality limits the ability of providers and fire fighters to
provide potentially lifesaving educational information and smoke alarms.
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METHODS

The methods for this study have been previously described.0 Briefly, parents of
children 4-7 years old were recruited during a visit to the Pediatric Emergency
Department (PED) at the Johns Hopkins Hospital or the Arkansas Children’s
Hospital. Parents were randomized to receive a tailored educational intervention
to improve either fire safety or child passenger safety behaviors. Tailored
education was delivered via a smartphone app that was downloaded for free by
study participants. Upon downloading the app, respondents completed a baseline
assessment of their study group’s behavior and related beliefs. Based on their
responses, a personalized feedback report with tailored education was
immediately delivered in the app. The Johns Hopkins Bloomberg School of Public
Health institutional review board approved the study. Participants provided
written consent prior to the start of the study

Data for this analysis come from the baseline assessment of the fire safety arm
of the study. As part of the assessment, respondents were first asked if they had:
1) any working smoke alarms; and 2) a working smoke alarm on every level of
their home. These two questions constitute the Brief Form. Later in the
assessment, they answered an Extended Form, which asked them to identify the
number of levels in their home (including the basement and attic), and then were
prompted for each of those level to report whether a smoke alarm was present, if
it was working, and how they knew it was working. (Figure 1) Answers were
summarized to create two variables comparable to the items assessed on the
Brief Form: any working smoke alarm and a working smoke alarm on every level.
Responses from the Brief and Extended Forms were compared using a Kuder-
Richardson test, a measure of internal consistency for binomial data.

RESULTS

A total of 554 respondents completed both the Brief and Extended Forms. The
mean age was 31 years old, 92% of respondents were female, 60% were African
American, and 94% had completed high school or received a GED.
Approximately one third (33%) were unemployed and 59% were receiving income
assistance. (Table 1)

Comparing responses to the two forms, more respondents reported any smoke
alarms on the Brief Form (n=531, 96%) compared to the Extended Form (n=478,
85%). Table 2 compares the reports of working smoke alarms between the two
forms. Again, more respondents reported more working smoke alarms on all
levels on the Brief Form (n=508, 92%) compared to the Extended Form (n=411,
73%).
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A total of 111 participants reported a working smoke alarm on every level on the
Brief Form, but not on the Extended Form. When asked about the reason they
did not have a working smoke alarm on every level, respondents most often cited
that they thought they did have a working smoke alarm on every level (n=37),
nuisance alarms (i.e., the alarm went off when cooking or showering) (n=23), or
they didn’t think they needed one on every level (n=19). (Table 3) The Kuder-
Richardson coefficient was 0.51.

DISCUSSION

Our results show that question phrasing and quantity changed respondents’
report of smoke alarm functionality, presumably for more accurate reporting of
smoke alarm presence and functionality. Because there are times when self-
reported information is the most feasible way to obtain information, researchers
need to carefully consider question phrasing, question order, and other prompts
to enhance respondents’ answers. By first assessing the number of levels in
one’s home, we were able to alter respondents’ answers. And, by asking
respondents to provide a basis for their report of a “working smoke alarm” we
may have encouraged more accurate reporting.

Prompting residents with more detailed questions increased the opportunity for
tailored feedback. For research purposes, devoting more items to measuring a
self-reported behavior of interest may increase validity. For educational
purposes, tailored messages have been demonstrated to be more effective than
generic messages. '>2 However, messages that are tailored to a person’s reported
behaviors are likely to have limited impact when over-reporting occurs. This study
provides valuable insight into the effect of more directed survey items to increase
reporting accuracy and thereby providing more opportunities for the provision of
tailored safety messages.

The potential limitations of our study include the fact that all participants were
parents of young children. It is unknown to what extent their responses would be
similar to participants without children. Parents of young children may be exposed
to injury prevention messages at greater rates than the general population. An
additional potential limitation is that majority of our participants were renters
(65%) and low income (73%). It is possible that owner occupants or those with
higher income may have better awareness of their homes smoke alarm
functionality.

Accurate reporting of presence and functionality of smoke alarms is essential for
several reasons. First, in the context of research on smoke alarms which often
relies on self-report, valid and reliable measures are needed for rigorous and
reproducible studies. Second, interventions such as smoke alarm installation
programs often rely on residents’ reports of not having working alarms as the
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indication that they need to enter the home. Third, educational programs need
correct information on whether alarms are present and working to provide the
correct educational messages.

Implications for Policy and Practice

Though this study focused in the ability of an enhanced questionnaire to enhance
reporting of smoke alarm functionality if has applicability for other behaviors
where self-report is the primary mechanism by which parents and residents can
avail themselves of life saving educational information and live saving products.
Other examples from the literature in which parents or residents have been found
to over report safety behaviors includes stair gates, seat belt use, and bicycle
helmet use. 31314 There may be benefits to examining the questions asked in
these and future studies for consideration about how an enhanced questionnaire
may improve the opportunity for the delivery of education.

Extended Form Smoke Alarm Questions

1. Let’s think about the alarms in your home closely. Does your home have a
basement?

2. Does your home have an attic that someone spends time in?

3. Other than the basement and the attic, how many other levels are in your
home?

Repeated for each level of the home:

4a. Thinking about the [basement/attic/Nth level], do you have a working smoke
alarm on that floor?

4b. How do you know the smoke alarm on the [basement/attic/Nth level] is
working?

- The batteries were changed in the last 6 months.
- The alarm was tested in the last 6 months.

- The alarm is hardwired

- The light is on.

- The alarm beeps regularly.*

- Actually, I'm not sure my smoke alarm is working.

Figure 1. Extended Form Smoke Alarm Questions
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Table 1. Respondent Demographics

N %
Participant Age Mean (SD) 31.46 (7.08)
Participant Gender Male 43 8%
Female 5014 92%
Race Black/African American 330 60%
White/Caucasian 182 33%
Other 34 6%
Hispanic or Latino Yes 19 3%
No 529 97%
Education Less than high school (HS) 32 6%
High school or GED 166 30%
Greater than HS 196 36%
Completed college or above 152 28%
Per Capita Income $5,000 or less 199 41%
$5,001-$10,000 157 32%
More than 10,000 130 27%
Parent Receives Aid Yes 318 59%
No 224 41%
Employment Yes, full time 289 53%
Yes, part time 75 14%
No 178 33%
Homeowner Status Own 180 33%
Rent 353 65%
| don’t know 9 2%
Child’s Age Mean (SD) 5.30 (1.16)
Child’s Gender Male 304 55%
Female 250 45%
Table 2. Self-report of having a working smoke alarm on every level.
Extended Form
Yes No Total
Brief Form Yes 397 111 508 (92%)
No/Don't know 8 38 46 (8%)
Total 405 (73%) 149 (27%) 554
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Table 3. Reported Reasons for not having a working smoke alarm on every level among

Reason N (%)

Thought they had a working SA on every level 37 (33%)

Smoke alarms go off while cooking or showering 23 (21%)

Didn’t think they needed a working SA on every level 21 (19%)

Never thought or decided about having a SA on every level 16 (14%)
(

Barriers to obtaining/installing smoke alarm (i.e. not enough time/money, don’'t14
know how to install, landlord won'’t allow)

Total 111

13%)

* results from n=111 participants responding having a working smoke alarm on every level on the
brief form, but not on the extended form
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Chapter 5

ABSTRACT

Objectives

Living in substandard housing may be one factor that increases the risk of fire
and burn injuries in low-income urban environments. The purposes of this study
are to: 1) describe the frequency and characteristics of substandard housing in
urban homes with young children and 2) explore the hypothesis that better
housing quality is associated with a greater likelihood of having working smoke
alarms and safe hot water temperatures.

Patients & Methods

A total 246 caregivers of children ages 0-7 years were recruited from a pediatric
emergency department and a well child-clinic. In-home observations were
completed using 46 items from the Housing and Urban Development’s Housing
Quality Standards.

Results

Virtually all homes (99%) failed the housing quality measure. Items with the
highest failure rates were those related to heating and cooling; walls, ceilings,
and floors; and sanitation and safety domains. One working smoke alarm was
observed in 82% of the homes, 42% had one on every level, and 62% had safe
hot water temperatures. For every increase of 1 item in the number of housing
quality items passed, the odds of having any working smoke alarm increased by
10%, the odds of having one on every level by 18%, and the odds of having safe
hot water temperatures by 8%.

Conclusions

Many children may be at heightened risk for fire and scald burns by virtue of their
home environment. Stronger collaboration between housing, health care, and
injury prevention professionals is urgently needed to maximize opportunities to
improve home safety.
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INTRODUCTION

Children living in low income, urban environments are at increased risk for fire
and scald burns in their homes. (1,2) Programs, including those conducted in
pediatric health care, that encourage parents to reduce home injury hazards have
been evaluated with mixed results. (3,4)Thus, there remains a gap in under-
standing how to best enhance home safety to reduce child injuries, including fires
and burns.

For low income, urban communities, addressing substandard housing may hold
promise. (5)According to the Centers for Disease Control and Prevention,
“Childhood lead poisoning, injuries, respiratory diseases such as asthma, and
quality of life issues have been linked to the more than 6 million sub- standard
housing units nationwide.” (6)The evidence on home injury risk and housing
quality is limited. Studies have used different outcomes (e.g., fatalities or hazards
such as no working smoke alarm), as well as different indicators of housing
quality such as an inter- viewer assessment of a home needing repair, (7)a home
that lacks indoor plumbing,(8) or census tract variables such as housing code
violations, (9)vacancy rates, (10) or age of housing stock. (11) Only 1 study,
conducted.15 years ago, used a standard government assessment; the authors
found that substandard housing was associated with more injury hazards,
including no working smoke alarms and unsafe hot water temperatures. (12)

With this suggestive evidence that housing quality is associated with child home
injury risk and the avail- ability of a newer standardized tool to measure housing
quality, it is timely to further explore these relationships. The aims of this article
are to (1) describe the frequency and characteristics of substandard housing in
homes with young children and (2) explore the hypothesis that better housing
quality is associated with a greater likelihood of having working smoke alarms
and safe hot water temperatures.

PATIENTS & METHODS

Sample

The data for this analysis come from 246 parents with children 0 to 7 years old
who participated in 1 of 2 studies con- ducted in East Baltimore, Safety in
Seconds (SIS) (13) and the CARES Parent Study (CPS). (14)

The authors of the SIS study evaluated the effects of a computer-tailored re- port
on safety behaviors of parents. From September 2004 to December 2005, 901
parents from the Johns Hopkins Pediatric Emergency Department participated in
a randomized controlled trial. Intervention parents received a 4-page tailored
report on smoke alarms, poison storage, and car seats. Control parents received
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a 4-page generic report on health issues. Parents completed follow-up telephone
surveys at 2 weeks (n = 759) and 4 months (n = 719). Home observations of
smoke alarms and hot water temperatures were conducted on a random sample
of 100 families (50 intervention and 50 control), who form the sample for the
present analysis. The parents were 98% African American; 11% had more than
a high school education; 68% earned <$5000 per capita per year; 23% were 230
years old; and 24% were married or in a couple relationship.

The CPS evaluated the impact of a mobile safety center (MSC), a 40-foot vehicle
outfitted like a home environment that contains interactive educational exhibits
and provides education and low-cost safety products. From July 2005 to May
2006, 296 parents were enrolled at a community health center. The interventions
included either a prescribed or optional MSC visit as part of a well-child care visit;
the control group was given a schedule of MSC community locations. Follow-up
interviews and home observations of smoke alarms and hot water temperatures
were completed between 2 weeks and 4 months after enroliment with 146
families, who form the second sample used in the present analysis. The parents
in this sample were 97% African American; 18% had more than a high school
education; 71% earned <$5000 per capita per year; 22% were 230 years of age;
and 25% were married or in a couple relationship.

Measures

Housing Quality

The national Housing Choice Voucher Program is the primary form of federal
housing assistance in the United States (“Section 8” housing). Vouchers are used
to pay for homes deemed to be “decent, safe, and sanitary” according to the US
Department of Housing and Urban Development’s (HUD) Housing Quality
Standards (HQS). (15) Housing Choice Voucher Program homes are required to
pass HQS inspections annually. The 120 HQS items focus mostly on structural
elements of housing and some neighborhood features. Trained housing
inspectors complete the assessment.

In the 1990s, HUD conducted pilot tests to explore whether a subset of 64 items
would be a valid assessment and whether the resident could reliably complete
the assessment. More than 4000 residents in 3 states completed surveys by
using this subset of items. High rates of agreement were found between inspector
and resident completed assessments (.80%) and in test-retest reliability
(.80%).(16,17)

Because the shorter survey performed well, it was used in both the SIS and CPS
studies. For the present analysis, we retained 46 items that focused specifically
on structural elements of the home environment. Items were dropped because
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they focused on neighborhood features (n = 8) or had missing data (n = 4); 6
items were combined with another item as required by the scoring instructions.

These 46 items cover 6 housing domains: kitchens and bathrooms (11 items);
electrical wiring (5 items); heating and cooling (4 items); walls, ceilings, and floors
(7 items); sanitation and safety (11 items); and outside the home (8 items).
Consistent with the HUD requirements, each item is scored as “pass” or “fail,”
and the entire unit fails to meet the minimum housing quality standards if a single
item fails.

Safety Behaviors

During the home observations in both the SIS and CPS studies, data collectors
located and tested smoke alarms and tested the temperature of the hot water at
the kitchen sink. Three dichotomous variables were created: any working smoke
alarm (yes/no), working smoke alarms on all levels of the home (yes/ no), and
safe hot water temperature (48.9°C) (yes/no). Having 1 working smoke alarm is
also a measure in the sanitation and safety domain of the HQS; therefore, this
item was dropped when we analyzed smoke alarm outcomes.

Sociodemographic Factors

Data were collected on child’s age and gender. Data on the respondent
characteristics included the following: ethnicity, relationship to child, age,
education, marital status, employment status, per capita annual income, and
whether the home was rented or owned.

Data Analysis

For the first study aim, we present simple descriptive statistics on the housing
quality results. For the second aim, we compare the number of housing quality
items passed to the presence of working smoke alarms and safe hot water
temperatures by using logistic regression, adjusting for the study sample and
significant sociodemographic covariates.

" Does the refrigerator keep food cold enough that it does not spoil? How many times did the heating
break down for 6 hours or more? Was your home ever so cold for 24 hours or more that someone in
your home was uncomfortable? Do you see any problems with the roof such as sagging, holes or
missing roofing?
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RESULTS

Sample

The children were 2.5 years old on average; they were roughly equally di- vided
between boys and girls (Table 1). Respondents were mostly African American
(98%), child’s mother (93%), 20 to 29 years old (61%), and unmarried (76%).
One-half (50%) were employed, 15% had more than high school education, and
69% earned <$5000 per capita per year. Data on whether the home was rented
or owned were missing for 57 participants (23%); for the remainder of the sample
(n=173), 92% were living in rental property.

Table 1. Sociodemographic Characteristics of the Sample (N=246)
East Baltimore, MD

Variable Mean SD
Child Age (months) 31 24
Frequency %

Child Gender

Boy 133 54

Girl 113 46
Respondent Relationship to Child

Mother 229 93

Father 6 2

Other 11 4
Respondent Age

14-19 years 40 16

20-29 years 148 61

>30 years 55 23
Respondent Education

Less than high school 71 29

High school graduate 138 56

More than high school 37 15
Respondent Marital Status

Married 60 24

Single, divorced, widowed 186 76
Respondent Employment

None 121 50

Yes, full time 83 34

Yes, part time 39 16
Annual per capita Income

< $5000 161 69

> $ 5000 73 31
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Rates and Characteristics of Substandard Housing

Table 2 presents housing quality domain data, including the mean number of
items failed, mean item failure rate, and frequency distribution of items failed. Any
failed item results in failing the entire assessment. For the total sample, the mean
number of items failed was 8.2 out of the total 46 items, an 18% mean item failure
rate. However, only 2 homes failed no items, meaning that 99% of the homes in
this sample failed the housing quality assessment.

The data in Table 2 also demonstrate that the domain with the highest item failure
rate was domain 4 (walls, ceilings, and floors) with the mean number of items
failed 2.2 out of 7 (31%). Domain 3 (heating and cooling) and domain 5 (sanitation
and safety) had average item failure rates of 22% and 20%, respectively. The
domain with the lowest mean item failure rate was do- main 6 (outside), for which
0.8 out of 8 items failed on average (10%). Domain 2 (electrical) and domain 6
(outside) had the highest proportion of homes with no failed items (53% and 50%,
respectively), and domain 5 (sanitation and safety) had the lowest (11%).

The detailed listing of the housing quality items is presented in Table 3, along
with the proportion of homes that passed each item. For ease of presentation, the
32 items with 280% passing are listed in the Appendix. The 14 items with passing
rates below 80% (Table 3) came from all 6 domains. The 4 items with the lowest
proportion of homes passing included having a heating system that provides
enough heat in every room (44%); no paint that is easy to chip or peel off 44%);
no mold, mildew, or water dam- age on walls, floors, or ceilings (44%); and having
a working smoke alarm on every level (42%). Fifty percent (50%) of respondents
reported having seen a rat within the past week; 59% reported that all their
windows had working locks.
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Table 2. Housing Quality Measures of 246 Homes in East Baltimore, MD

Domain Total Average Number of Items Frequency and Percent of Homes That Failed
Number Failed by Domain by Number of ltems Failed and by Domain
of ltems  \jean Mean Number of Number of Cumulative

Number of  Item Failure Items Homes That  Percent
Iltems Failed Rate, % Failed Failed

Domain 1, 11 1.4 13 0 71 29

kitchens 1 77 60

bathrooms 2 53 82

3+ 45 100

Domain2, 5 0.7 14 0 130 53

electrical 1 70 81

2+ 46 100

Domain 3, 4 0.9 22 0 91 37

heating . 1 105 80

and cooling o4 50 100

Domain4, 7 2.2 31 0 56 23

walls, 1 58 46

ceilings,

floors 2 40 63

3 27 74
4 27 85
5+ 38 100

Domain 5, 11 2.2 20 0 28 11

sanitation 1 50 32

safety 2 70 60

3 59 84
4+ 39 100

Domain6, 8 0.8 10 0 122 50

Outside 1 75 80

the home

2+ 49 100

Total 46 8.2 18 0 2 1

1-4 62 26
5-9 98 66
10-12 39 82
>13 45 100

Association Between Substandard Housing and Safety Behaviors

Table 4 shows that 82% of the sample had at least 1 working smoke alarm; 42%
had 1 on every level; and 62% had safe hot water temperatures. Respondent age
was associated with having working smoke alarms on every level, and
respondent education was associated with having safe hot water temperatures in
bivariate analyses (data not shown); these variables were included in the logistic
regressions. The adjusted logistic regression analyses revealed that for every
increase of 1 in the number of housing quality items passed, the odds of having
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any working smoke alarm increased by 10%, the odds of having 1 on every level
by 18%, and the odds of having safe hot water temperatures by 8%.

Table 4 Relationship Between Housing Quality and Safety Behaviors Among 246 Residents in East
Baltimore, Maryland, Distribution of Outcome Variables and Logistic Regression Analyses

Outcome Variable Frequency Adjusted Odds Ratio?(95% Confidence Interval) P
(%) for Number of HQ ltems Passed

Working smoke alarm 202 (82) 1.10 (1.03-1.17) .01

Working smoke alarm on 104 (42) 1.18 (1.1-1.27) .00

every level

Safe hot water temperature 152 (62) 1.08 (1.02-1.14) .01

aAll models adjusted for the data set from which the sample was drawn; working smoke alarm on
every level adjusted for respondent’'s age; safe hot water temperature adjusted for respondent
education level.

DISCUSSION

In this low income, urban sample of homes with young children, we found that
99% would be considered sub- standard. The most common problems were
inadequate heating systems; peeling paint; walls, floors, or ceilings that have
mold, mildew, or water damage; evidence of rats; and windows without locks. The
odds ratios were significant and substantial for the association be- tween the
number of housing quality items failed and not having safe hot water
temperatures or working smoke alarms. These results, while intuitive, are
important because they add to the literature demonstrating an association
between substandard housing and pediatric health problems previously
demonstrated for lead poisoning and asthma. (5,6)Pediatricians caring for low
income families can use these results to inform their injury prevention anticipatory
guidance and consider having referral re- sources for housing needs available.

The authors of a recent systematic review of interventions to address injury-
related structural deficiencies in housing noted the absence of research on
improving the implementation of safety-related building and housing codes. (18)
To the extent that HUD standards reflect commonly accepted building codes, our
data provide some of the first empirical evidence linking structural deficiencies to
home injury prevention behaviors. We were limited to data on only 2 safety
behaviors, but results suggest other injury hazards and safety behaviors should
be investigated.

The study does not elucidate why families in poor quality housing would be less
likely to have working smoke alarms and safe hot water temperatures, nor did we
have specific hypotheses in this exploratory study. Poverty is a common risk
factor for both substandard housing and lower rates of smoke alarms and safe
hot water temperatures. Because our sample was predominantly low in- come,
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the independent effect of housing quality cannot be isolated. It is likely that a
constellation of factors is associated with being able to implement safety
behaviors and home modifications and that poor housing quality is a marker for
some of these.

Table 3. Housing Quality Measures of 246 Homes in East Baltimore, MD
Percent of Homes Passing by Item and Domain for Items with <80% Passing

Domain Housing Quality Item (Passing Response) % Passing
Domain 1

Kitchens and Do all stove burners work? (Yes) 78
bathrooms

Domain 2

Electrical Do all ceiling and wall mounted light fixtures work? (Yes) 78

Ask parent: How many times have fuses blown or circuit 73
breakers tripped in last 3 months? (None)

Domain 3
Heating and Does the heating system provide enough heat in every 44
cooling room? Yes)
Domain 4
Walls, ceilings Is there any paint that can be chipped or peeled by finger 44
and floors scraping? (No)
Is there any area of peeling paint or broken plaster bigger 79
than the size of this page? (No)
Are there any floor problems such as boards, tiles, 75
carpeting or linoleum that are missing, curled, or loose?
(No)
Is there mildew, mold, or water damage on any wall, floor 44
or ceiling? (No)
Is there any place where floor problems can cause you to 71
trip?
Domain 5
Sanitation and Ask Parent: did you see a rat anywhere in your building or50
safety outside around the grounds this week? (No)
Ask Parent: have you seen any cockroaches in your 77
home this week (No)
Do all windows have locks that work? (Yes) 59

Is there a working smoke detector on each floor in your 42
home? (Yes)

Domain 6

Outside the home  Ask parent: Is there enough light for safety? (Yes) 79

Many of the homes in this study were rental properties. For smoke alarms,
landlords are responsible for putting smoke alarms in the home, but residents are
responsible for maintaining them, and our data could not distinguish be- tween
absent alarms, disabled alarms, or alarms with nonworking batteries. Landlords
are also responsible for con- trolling the water temperature in rental properties,
and we do not know whether the homes in our study had central or individual
water heaters, which would determine whether the resident had access. We also
do not know if the water heaters were of the newer type with preset safe
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temperatures. However, although hot water temperature is generally correlated
with the water heater setting, we have evidence that this is not always the case,
(19) and the 2009 International Residential Code for 1- and 2-family dwellings
recommends thermostatic mixing valves that regulate the water temperature at
the faucet. (20,21)

The sample consists of parents enrolled in child safety intervention trials, and
thus, is not representative of homes in any defined geographic area. We do not
have further detail on the structural characteristics of the homes or actual home
injuries, which would be useful to collect in future studies. Nevertheless, the
sample does reflect a large number of homes within low income, urban
neighborhoods in East Baltimore.

An important strength of the study is the use of home observations. These data
are the first to our knowledge to use a standardized housing quality assessment
tool to describe housing characteristics in this level of detail. The results are
important because they demonstrate that a large number of low-income, urban
children may be at heightened risk for not only the well-documented lead
poisoning and asthma that can be traced to the home environment but also for
fire and scald burns. Moreover, the inadequate smoke alarm coverage and
unsafe hot water temperatures have implications for entire families.

Our findings suggest that there are other safety modifications to include in the
HUD’s standard housing quality assessments, especially for homes that are
being inspected for occupancy by families with young children. High rates of
homes with evidence of rats and cock roaches raises concern that there are also
toxic chemicals in the home being used to kill them. The availability of lockable
cabinets or other safe places to store such hazardous products should be
included in housing quality assessments. Given the high failure rate for the
heating and cooling domain, the presence of a working carbon monoxide alarm
should be included for the protection of entire families.

CONCLUSIONS

Based on our findings and the availability of evidence-based solutions to many
home injury risks, stronger collaboration between housing, health care, and injury
prevention professionals is urgently needed to maximize the policy opportunities
available to improve home safety.
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Appendix.

Housing Quality Measures of 246 Homes in East Baltimore,Maryland: Percent of
Homes Passing by Item and Domain for ltems with >80% Passing

Domain Housing Quality Item (Passing Response) % Passing
Domain 1
Bathrooms Does your kitchen have a working oven? (Yes) 96
Does the tap water have a problem with color or bad odor? 98
(No)
Is there a working light fixture in the kitchen ceiling or wall? 94
(Yes)
How many working outlets are in the kitchen? (2 or more) 91
Is their hot and cold running water at each kitchen/bath 88
sink/tub?(Yes)
Is there water leaking from any kitchen/bath sink, drain, or 87
pipe? (No)
Is any kitchen or bath sink, tub or shower clogged? (No) 87

Does the bathroom have a window that opens or a ventilation 82
system that works? (Yes)

Ask parent: How many times did the toilets not work for 6 80
hours or more? (None)

Ask parent: Has any bathroom floor been covered by water 80
because of plumbing problems? (No)

Domain2

Electrical Is all the building's wiring in your home enclosed in walls or 88
metal coverings? (Yes)
Do all electrical outlets and switches have cover plates? (Yes)92
Not counting the bathroom, does each room have at least one98
working outlet? (Yes)

Domain 3
In cold weather do you ever need to use your oven to heat 86
your home? (No)
If your home comes with air conditioning, does it work 96
correctly? (Yes)
Can you adjust the heat when it is too hot or too cold? (Yes) 86

Domain 4

Walls, ceilings and Are there any holes or large cracks where outdoor air or rain 87
floors can come in? (No)

Do you see any walls, ceilings, or floors with serious problems82
like sagging, leaning, buckling or large holes? (No)

Domain 5

Ask parent: In your home, do you smell bad odors suchas 92
sewer, natural gas, etc. (No)

Do all outside doors have locks that work? (Yes) 97
Do all bedrooms have a window you can open? (Yes) 88

Does any window have broken glass that can cut someone? 95
(No)
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Domain 6
Outside of home

Ask parent: In the last 3 months has your mail been stolen or 97
tampered with? (No)

In case of fire, do you have a least 2 ways out of the home? 93
(Yes)

Are secure handrails on all stairs and landings? (Yes) 89
Is the condition of any porch or balcony dangerous? (No) 96
Are any outside handrails, steps or stairs unsafe? (No) 89

Is any sidewalk, driveway, or parking lot damaged in away 91
that could cause you to trip? (No)

Are fences or gates in bad condition? (Yes) 90

Do you see any walls with serious leaning, buckling or large 94
holes? (No)

Does the garbage service pick up each week? (Yes) 98

Ask parent: Do you have either covered dumpsters or 80
covered cans for your garbage and trash? (Yes)
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ABSTRACT

Objective:

Although water heater manufacturers adopted a voluntary standard in the 1980’s
to pre-set thermostats on new water heaters to 49°C/120°F, tap water scald
burns cause an estimated 1,500 hospital admissions and 100 deaths per year in
the United States. This study reports on water temperatures in 976 urban homes
and identifies water heater and household characteristics associated with having
safe temperatures.

Methods:

The temperature of the hot water, type and size of water heater, date of
manufacture and the setting of the temperature gauge were recorded.
Demographic data including number of people living in the home and home
ownership were also recorded.

Results:

Hot water temperature was unsafe in 41% of homes. Homeowners were more
likely to have safer hot water temperature (< 49°C/120°F) than renters (63% vs.
54%; p<0.01). For 11% of gas water heaters, the water temperature was >
54°C/130°F, although the gauge was set at less than 75% of its maximum setting.
In a multivariate logistic regression, electric water heaters were more likely to
have safe hot water temperatures than gas water heaters (OR=4.99; p<0.01).
Water heaters with more gallons per person in the household were more likely
to be at or below the recommended 49°C/120°F.

Conclusions:

Our results suggest that hot water temperatures remain dangerously high for a
substantial proportion of urban homes despite the adoption of voluntary
standards to preset temperature settings by manufacturers. This research
highlights the need for improved prevention strategies such as installing
thermostatic mixing valves to ensure a safer temperature.
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INTRODUCTION

Burns from tap water result in an estimated 1500 hospital admissions and
approximately 100 deaths per year. (1,2) The severity of tap water scalds
depends on the temperature of the water and the length of time the skin is
exposed. (2) Human exposure to hot water at 140°F can lead to a serious burn
within 3 seconds, whereas at 49°C/120°F a serious burn takes about 10
minutes.(3) Because thinner skin burns more quickly, children and older adults
are at increased risk. Young children are disproportionately affected by scald
burns, as approximately 21,000 children are treated for scald burns from all
causes each year, and scald burns represent an estimated 65% of burn
hospitalizations for children ages 4 and under.(4) Hot tap water causes nearly
25% of all scald burns and is associated with more scald burn deaths and
hospitalizations in children than any other hot liquid.(5,6,7,8) Data from the
National Electronic Injury Surveillance System reveal that during 2001 to 2006
among adults over 65 years there were an estimated 51,700 emergency
department visits for scald burns from all causes.(9) Compared to younger adults,
the elderly who suffer scald burns from tap water have higher death rates, longer
hospitalizations, and more severe health outcomes.(10,11) In addition to age,
lower socioeconomic status has also been associated with increased risk for
scald burns from all causes.(10,12,13,14)

The economic burden stemming from scald burns is enormous. In the United
States, the annual cost for scald burn deaths and injuries from all causes among
children 14 years and younger is about $44 million and children younger than 5
years contribute over 90% of this cost. (4) For New York City alone, societal cost
estimates for tap water scald injuries to people of all ages from 1996 to 2003 were
between $102 and $149 million. (12)

Tap water scalds primarily occur in residential kitchens and bathrooms. (15)
Scalds in the bath are especially hazardous for young children because of the
large surface area of the body exposed during bathing. (16) Some common
mechanisms of scald injury in the bathroom include falling into the bathtub,
coming into contact with hot running water, and being placed into excessively hot
water accidentally or intentionally. (16)

Intervening to Reduce Tap Water Scalds

The Consumer Product Safety Commission (CPSC) recommends that water
heater manufacturers preset the temperature of water heaters to 49°C/120°F.
Efforts to regulate tap water temperature at the state level began in Florida in
1980 when the state legislature called for water heater temperatures to be pre-
set at 125°F.(17) In response to the Florida effort and similar laws in other states,
manufacturers voluntarily adopted the 49°C/120°F standard recommended by
CPSC in 1988.(7,15,17,18) Few studies on the prevalence of hot water
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temperatures at or below this recommended level have been conducted since
this standard was adopted. Gielen et al. observed 63% of families with safe hot
water temperature (19) while Shields et al. reported 64% of homes with older
adults having safe hot water temperature. (20) While these data demonstrate that
many homes have unsafe water temperatures, the impact of mandating the
49°C/120°F setting on new water heaters as a passive injury prevention strategy
has been specifically evaluated twice, with mixed results. In 1983 Washington
state enacted legislation which required manufacturers to preset the temperature
of new water heaters and landlords to set the temperature of water heaters used
in rental properties at 49°C/120°F.(15,17) This intervention resulted in
significantly reduced household hot water temperatures and injuries resulting
from scalds in King County, Washington.(17) In 1996, the New York City
Administrative Code was amended to require that all multi-unit dwellings
constructed or renovated after 1997 have water heaters set at 49°C/120°F.(12)
Unlike in Washington, the evaluation did not find an effect of this law on the
incidence of tap water scald burns.(12)

Considering the demands on and the design of water heaters, delivering hot
water at a consistent temperature is difficult. As a hot water tank is depleted,
replenished and reheated, water temperature will not be constant throughout the
tank. Water heater thermostats are not designed to provide precise estimates of
water temperatures but instead to activate heating elements when water
temperature falls below the set temperature. The American National Standards
Institute codes allow for water temperatures to vary 10 degrees above and below
the thermostat setting.(21) In addition, the gauge controlling the thermostat often
follows arbitrary units such as a 1-10 scale as opposed to a temperature scale
(like found on an oven). Furthermore, the temperature at the tap may be affected
by the length, material and insulation of the pipes carrying the water. For these
reasons, the gauge on a water heater may be unreliable as an indicator of the
hot water temperature at the tap. However, we could find no studies reporting on
the relationship between gauge setting and actual temperature.

The research reviewed above describes the risk of injury associated with tap
water scald burns and the efforts of advocates and water heater manufacturers
to reduce these risks. Despite these efforts, the fact that thousands continue to
suffer tap water scalds suggests that many homes still have unsafe hot water
temperatures. To our knowledge, there have been no investigations of how the
various types of water heaters and gauge settings may contribute to the problem.
As part of a larger study of fire and burn risks in an urban area, we had an
opportunity to shed some light on this issue. The aims of this paper are to
describe the observed temperature of hot water in a large sample of urban
homes; and to identify water heater and household characteristics associated
with temperatures at unsafe levels.
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METHODS

Water temperatures were tested as part of a home observation in follow-up to a
randomized community trial which aimed to improve home safety.(22) The trial
included a visit from the Baltimore City Fire Department (BCFD) during which
firefighters installed smoke alarms and accompanying safety educators provided
information about injury risks and the benefits of working smoke alarms, carbon
monoxide alarms, and safe hot water temperatures.

A sample of 708 homes participating in the intervention visit (“participants”) were
visited between 6-9 months later for a follow up survey and observations of the
home safety behaviors addressed during the BCFD visit. A sample of 278
neighboring households that were not available to participate in the intervention
visit was also recruited and completed the survey and observations. These “non-
participant” households were recruited from the same blocks as the participants.
All households voluntarily participated in the study and all came from one of 12
census tracts in Baltimore City that had been selected to participate in the
community trial. Data were collected between January 2011 and December 2011.

The study was approved by the Johns Hopkins Institutional Review Board. Data
were collected through an interviewer-administered, computer-assisted survey
conducted in the home. Following the survey, data collectors used a standard
protocol to record the hot water temperature and to observe selected water heater
characteristics, as described below. Of the 986 households surveyed, hot water
temperature measurements were available for 975 (99%). Of these, we observed
the water heater characteristics in 883 households (91%); the remainder were
not accessible to the data collectors, or the resident did not grant permission.

Measures

Household Characteristics

Respondents reported household size, income, owner status and composition.
Using self-reported household income and the number of people supported on
that income, the household was classified as living in poverty if the income was
below the 2010 Federal Poverty Guidelines.(23)

Observed Hot Water Temperature

A standard kitchen candy thermometer was used to test the temperature of the
hot tap water. Candy thermometers provide a measure of temperatures between
75°F and 400°F. Water temperature was tested in the kitchen. Data collectors
were instructed to completely open the hot water faucet for one minute, fill a cup
with that water, and then measure the temperature with the candy thermometer.
Hot water was considered “safe” if the temperature was 49°C/120°F or less.
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Water Heater Characteristics

Data collectors observed and recorded characteristics of the water heater
including type (gas or electric), date of manufacture, capacity, and the descriptors
used on the temperature gauge (i.e., 1, 2, 3... or vacation setting, warm, hot,
hottest). Gallons of water per person living in the home was obtained by dividing
the water heater capacity by the reported number of people living in the home.
Data collectors made a sketch of the gauge indicating the temperature setting.

Gauge

To standardize the setting of the gauge, the total area of the gauge was translated
into a 0-100% scale based on the available area for the setting. For example, if
the gauge was set at 3 and the highest possible setting was 6, the setting was
calculated as 3/6 or 50%. The 0-100% scale for gauges was then divided into
quarters and analyzed as a categorical variable. Virtually all of the electric water
heaters (96%) did not have a visible gauge and therefore only gas water heaters
were included in our analysis of gauge.

Data Analysis

Chi-squared testing was used to compare household characteristics and water
heater features between homes with safe versus unsafe hot water temperatures.
We also examined whether proportions of safe hot water temperatures differed
between the two samples (participants and non-participants in the intervention)
and between measures taken in the winter (November-February) versus summer
(March-October) months.

A multivariate logistic regression analysis was performed on the presence of safe
hot water temperature, including homeowner status, type of water heater, and
gallons per person. Poverty status and age of the water heater were not
associated with the presence of safe hot water temperatures in bivariate
analyses and therefore were not included in the model. Number of people in the
home and water heater volume were excluded from the model because these
variables were combined to create a gallon per person variable. Households with
missing data were excluded from the model. All analyses were performed using
Stata software (Stata version 11, StataCorp, College Station, TX).

RESULTS

Hot water was observed to be above the recommended 49°C/120°F in 401
homes (41%), including 260 homes (27%) with temperatures at or above
54°C/130°F. Homeowners were more likely to have safe hot water temperature
than renters (63% vs. 54%; p<0.01) (Table 1). Homes with safe hot water
temperature on average have fewer people than homes with unsafe hot water.
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No differences in hot water safety were detected between participants and non-
participants or between winter and summer seasons.

A majority (74%) of water heaters observed were gas water heaters of 40 gallons
or less. Electric water heaters were more likely than gas water heaters to have
safe hot water temperatures (85% vs. 55%; p<0.01) (Table 2). Large water
heaters with over 40 gallons were more likely than smaller ones to have safe hot
water temperatures (67% vs. 57%; p=0.02). Increasing hot water capacity per
person in the home was found to be protective; households with over thirty
gallons of hot water per person were less likely to have unsafe hot water
temperatures (73% vs. 27%; p<0.01). No difference in water temperatures was
observed across water heaters of different ages; only 159 (29%) water heaters
were more than 10 years old and 7 of these were manufactured before the
voluntary standard was adopted 24 years ago.

Table 1. Household characteristics

Hot Water 120 Hot Water Over Total Test Statistic
or Less N=574 120 N=401 N=975
N (%) N (%) N (%)
Household Income’
At or below the 2010 Federal 123 (57) 94 (43) 217 (100) x2=1.7
Poverty Level (p=0.19)
Above the 2010 Federal 363 (62) 225 (38) 588 (100)
Poverty Level
Homeowner Status’
Rent 238 (54) 202 (46) 440 (100) X2=7.6
Own or pay mortgage 330 (63) 195 (37) 525 (100) (p<0.01)
Number of People Who Live  2.99 (0.07) 3.39 (0.09) 3.16 (0.06) t=3.4
in the Home (p<0.01)

Although the hot water temperature was generally correlated with the gauge
setting on the gas water heaters, there were instances of concerning
inconsistencies. Among gas water heaters, three of the ten gauges that were set
at less than 25% of their maximum setting had unsafe hot water temperatures
(Figure 1). Furthermore, for 76 (11%), the water temperature was dangerously
hot (at or above 130°F) although the gauge was set at less than 75% of its
maximum setting.

In the multivariate logistic regression including the homeowner status, type of
water heater, and number of gallons per person, all three variables retained their
significance (Table 3). Homeowners were more likely to have safe hot water
temperatures than rental properties (OR=1.47; p=0.02). The odds of having a
safe hot water temperature were 4.99 times higher for homes with an electric

87



Chapter 6

water heater compared to homes with a gas water heater (p<0.01) and 2.12 times
higher for homes with over 30 gallons per person in the home compared to 10 or
less gallons per person (p=0.01).

Table 2. Water heater safety

Hot Water Characteristics Hot Water 120 Hot Water over Total Test Statistic
or less N=524 120 N=359 N=883
N (%) N (%) N (%)
Type of Water Heater?
Gas 402 (55) 333 (45) 735 (100) x?3=40.7 (p<0.01)
Electric 107 (85) 19 (15) 126 (100)
Volume of Water Heater?
Small (40 gallons or less) 361 (57) 277 (43) 638 (100) x*=5.4 (p=0.02)
Large (More than 40 gallons) 108 (67) 54 (33) 162 (100)
Age of Water Heater?
0-2 years 53 (53) 47 (47) 100 (100) X?=2.5 (p=0.47)
3-5 years 56 (60) 37 (40) 93 (100)
5-10 years 106 (55) 88 (45) 194 (100)
More than 10 years 97 (61) 62 (39) 159 (100)
Gallons per Person?
10 gallons 144 (51) 139 (49) 283 (100) x?=20.5 (p<0.01)
11 to 20 gallons 191 (58) 138 (42) 329 (100)
21 to 30 gallons 69 (71) 28 (29) 97 (100)
Over 30 gallons 64 (73) 24 (27) 88 (100)
Gauge Setting®
(Gas Heaters Only)
0-25% 7 (70) 3(30) 10 (100) Xx?=63.9 (p<0.01)
26-50% 50 (71) 20 (29) 70 (100)
51-75% 224 (66) 118 (34) 342 (100)
76-100% 97 (36) 174 (64) 271 (100)

(1) Of the 976 households with hot water temperature measurements, 170 did not provide information
on the household poverty status, and 10 did not provide information on the homeowner status.

(2) Of the 884 households with hot water temperature measurements, N=22 the type of water heater
could not be determined, N=337 the age of the water heater could not be determined, and N=83 the
volume could not be determined, and N=86 gallons per person could not be determined.

(3) Of the 736 gas water heaters included in the gauge analysis, N=42 the gauge setting could not be
determined.
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Fourth Quarter First Quarter
(Highest Gauge Setting) (Lowest Gauge Setting)

Third Quarter

arter
Gauge Setting Second Quarte

Gauge Setting

¥ Hot water temperature < 120°F B Hot water temperature > 120°F

*Percentages add up to 100% for each gauge setting quarter.
**Gauge settings were translated to percent of the maximum possible setting

Figure 1. Water Heater Gauge Setting and Hot Water Temperature among gas water heaters, N=693

DISCUSSION

Our results demonstrate that hot water is at dangerously high temperatures in 4
out of 10 homes in a large urban sample, despite the fact that voluntary standards
by water heater manufacturers to preset temperatures at the factory were
adopted over twenty years ago. Almost all (99%) of the water heaters in our
sample were purchased since the voluntary standard was implemented.
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Table 3. Multiple logistic regression analysis of safe hot water temperature (N=787)

Odds Ratio Standard Error P-value

Homeowner Status

Rent 1

Own 1.47 0.23 .02
Type

Gas 1

Electric 4.99 1.40 <0.01
Gallons per person

10 gallons 1

11 to 20 gallons 1.22 0.21 0.25

21 to 30 gallons 1.69 0.46 0.05

Over 30 gallons 212 0.60 0.01

Two protective factors emerged which warrant mention. The first is that electric
water heaters were significantly more likely to be at a safe temperature compared
to gas water heaters, even after adjusting for homeowner’s status and gallons
per person. Unlike gas water heaters, adjusting the temperature on an electric
water heater requires a licensed professional. Though electric water heaters
appear to be protective, recommendations of electric versus gas will need to
include cost considerations, as electric heaters cost three times as much to
operate as gas.(24) A further consideration is that gas is not available in all
places. Moreover, families, especially those living in rental properties may not
have a choice between a gas or an electric water heater.

The second protective factor that emerged was that larger water heaters were
more likely to have safe temperatures. The amount of water per person was a
significant factor associated with the water temperature, even after adjusting for
whether the water heater was gas or electric. We hypothesize that residents may
increase the temperature to provide sufficient hot water for household needs such
as showers. Therefore, it may be prudent to advise consumers (including
landlords) to consider manufacturer recommendation matching the number of
people in the home to the volume of the water heater. Information is currently
available on water heaters advising consumers of the product’s energy efficiency
rating; safety information could be added to those materials to help families
understand the importance of choosing a water heater with the appropriate
capacity to meet the needs to the family.

As water heater temperature continues to pose scald burn risks despite the
voluntary standard, it is important to consider additional technological control
measures. We were surprised by the variation in water heater thermostat dials,
and that none were observed to have an indicator of a safe temperature or a safe
temperature range. Furthermore, our data support the previously recognized
discrepancies between water heater gauges and the temperature of the water
produced. Although gauge setting in our sample is generally correlated with
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temperature, it is not always the case. In 11% of gas water heaters we found that
the water temperature was dangerously hot (at or above 130°F), although the
gauge was set at less than 75% of its maximum setting. Although it may not be
technologically feasible to have a gauge that represents the exact temperature at
the tap, efforts to better design the water heater thermostat are needed to enable
professionals and residents to easily set it to 49°C/120°F and help them
understand the potential variation between the set temperature and the maximum
temperature.

Given the limitations of reducing tap water temperature through current
thermostat technology alone, other existing strategies should be prioritized. One
potential solution is to equip faucets with anti- scald devices, such as a
thermostatic mixer valve as recommended by the 2009 International Residential
Code for One- and Two-family Dwellings.(25) Thermostatic mixer equipped
valves limit water temperature to a maximum of 120°F.(25) Thermostatic mixer
valves allow hot tap water to be set at a fixed temperature outside of the water
heater and without affecting the temperature of stored hot water in the tank.(26)
Other anti-scald devices such as anti-scald aerators and scald guards interrupt
the flow of water at a set temperature, usually before the temperature reaches
49°C/120°F, allowing the water to reach a safe level before the faucet
reactivates.(4) Edwards et al. quantified the effects of a thermostatic control
system on the prevalence of dangerous water temperatures in a cluster
randomized controlled trial in London.(27) Results showed that the prevalence of
dangerous hot water temperatures was significantly reduced and gas
consumption was not significantly affected.(27) The cost of installing thermostatic
mixing valves has been estimated at $250 per room ($100 for the valve and $150
for installation).(28) A cost analysis of mass installation in government managed
housing in England estimated installation costs at £13.68 (~$22), which included
parts, maintenance, and educational material but not labor. (29) Kendrick et al.
believe that mass installation could result in significant savings to the British
national health care system. (26) Financial incentives to include such technology
in renovation and remodeling plans should be assessed.

Whether and how the voluntary standard is being implemented is another
consideration that may explain the high settings recorded on some of the water
heaters in our sample. We are unaware of any effort to observe manufacturer
participation in the voluntary agreement. Nor do we know who installed the water
heaters in the homes we observed, and if the installer or the resident had adjusted
the temperature above the manufacturers’ preset level.

Until engineering solutions can be implemented on a large scale, attention must
be paid to educational messages. Educational messages aimed at informing
families of the dangers of high water temperatures are needed. In addition,
routinely encouraging heads of household to set their water heaters to
49°C/120°F can provide a no cost strategy to address this risk. (30, 31)
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Importantly, our study demonstrates the challenges of implementing such
recommendations. A majority of water heaters we examined did not have easy-
to-understand gauge settings to allow consumers to set their hot water heater to
49°C/120°F. ltis vitally important that educational messages be revised to include
instructions to test hot water temperatures after adjusting gauges to ensure that
a safe temperature is achieved through the gauge adjustment. This message is
consistent with current American Burn Association recommendations. (4) In
addition to providing a gauge as to the temperature, the water heater could
indicate that the recommended temperature is 49°C/120°F and provide
educational information about how fast a scald burn can occur at higher
temperatures.

A complementary approach to the above engineering and educational strategies
is to consider policy options for improving the safety of water heaters, a consumer
product. Past efforts to intervene at the state level prompted voluntary action by
water heater manufacturers. Factory presets of safe hot water temperatures
offered a first step toward increasing the safety of hot water heaters. We now
know that additional efforts are needed. In our opinion, designing water heaters
with gauges that are easy to read and labeling that explains the risk and how to
test and adjust the temperature is a needed next step and represents a basic
component of safety for this consumer product. As such, this is an area the U.S.
Consumer Product Safety Commission is well-positioned to assess and
determine whether their experience and authority could be useful in improving
the current situation.

There are limitations to our study. Our findings are based on a single water
temperature reading, and do not take into consideration possible fluctuations in
the hot water temperature that may occur, for example, throughout the course of
the day. Furthermore, water heater gauges in our sample varied considerably;
we standardized the dial to a more intuitive percentage, but this does not reflect
the true complexity of the gauge setting. Finally, our sample, although large and
diverse, was self- selected and generalizations to other urban areas should take
this into consideration. Despite these limitations, our results provide the first
systematic assessment of water heater temperatures in a large sample of urban
homes, and clearly demonstrate the need for more comprehensive scald
prevention interventions and engineering solutions.
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BACKGROUND

Medical attention for an injury can increase parents’ perception of their child’s
susceptibility to injury.(1) Understanding subsequent parental actions to avert
future injuries can inform prevention efforts. In this study, we describe the injured
body part and parents’ reports of: 1) the cause of the injury; 2) what could have
prevented it; and 3) changes made afterwards.
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METHODS

We reviewed charts of Pediatric Emergency Department (PED) patients who
sought care for an unintentional home injury between January to December 2012,
and contacted the parent for a home interview. The chart review provided details
about the injury and the child’s age and sex. The parental interview, which was
audio-recorded and transcribed, provided parent responses to:
1. Please describe how your child got injured;
2. Do you think there is anything that could have prevented the injury (if so,
what); and
3. Have you done anything to change the area of the home where the child
was injured (if so, what)?

Home interviews were conducted on average 27 days (ranging from 5-57 days)
following PED visit. A codebook of parental responses was generated and
analyzed to yield the following groups of codes:
1. Body part injured: head/neck/face; leg; arm/hand; or other
2. Injury mechanism: fall; cut/pierce; burn; struck by/against; Carbon
Monoxide (CO) poisoning
3. Iltem(s) involved: toys; furnishings; house features; food/beverage; other
4. Parent Perception of Preventability: child behavior; adult supervision;
safer environment
5. Changes made: Increased supervision; Got rid of/replaced item; safer
environment (restricted access to dangerous ltem)

We tallied the code groups and arranged cross tabulations of injury mechanisms
and body parts. At recruitment, we obtained written parental informed consent,
per our Institutional Review Board approval.

RESULTS

One hundred four children (42 females and 61 males), ages 6 months — 7 years
(mean 2.85; SD 1.8), who were predominately Black (82%) experienced 123
injuries. One injury mechanism was associated with 86% of the injuries; 13%
included two mechanisms (Table 1). The most common mechanism was a fall
(46%), and the most common body part injured was the head/neck/face area
(62%); most children (95%) had one injured body part, whereas five children (5%)
had two.
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Table 1. Body Part and Mechanism of Injury for 123 Injuries in 104 Children Injured in their Homes

Mechanism Body Part

Head/Neck/Face Leg Arm/Hand  Other Total

(n=76) (n=17) (n=23) (n=7) (n=123)
Fall 44 3 8 2 57 (46%)
Cut/Pierce 13 6 7 0 26 (21%)
Burn 6 5 6 3 20 (16%)
Struck by/Against 13 3 2 0 18 (15%)
CO Poisoning 0 0 0 2 2 (2%)

*Missing 3 participants; these 3 participants contributed 5 injuries (3 falls plus 2 cut/pierce).

In all but two cases an item was identified as contributing to the injury: 35%
involved a house feature; 33% house furnishings, 11% food/beverage, and 8%
toys (Table 2). Parent, who were mostly female (92%) high school graduates
(78%), identified at least one prevention strategy (82%). Of the 110 suggestions
were, 40% for a safer environment (e.g., store hazardous product), 31% modified
child’s behavior (e.g., new rules), and 29% for increased supervision. Fifty-nine
(57%) parents reported making changes, 51% modified the environment; 27%
got rid of/replaced item; and 10% increased supervision.
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Table 2. Items and Prevention Suggestions for 120 Injuries for 104 Children Injured in their Homes

Item and Injuries Items Identified* (n= Prevention Suggestions** Changes Made*®
(n=120) 122) (n=110) (n=83)
TOYS
Total Injuries: (10)  Wheeled toys (4) Adult Supervision (3) Increased supervision (0)
8% Baseball bat (1) Modify Child Behavior (4) Got rid of/replaced (3)
Toy gun (1) Safer Environment (3) Modified Environment (6)
Unspecified toy (4)
Total Items: 10 Total Suggestions: 10
Total Changes: 9
FURNISHINGS
Total Injuries: (40)  Tables (8) Adult Supervision (10) Increased supervision (4)
33% Chairs/couch (14) Modify Child Behavior (17) Got rid of/replaced (9)
Bed (12) Safer Environment (11) Modified Environment (14)
Other (8)
Total ltems: 42 Total Suggestions: 38

Total Changes: 27
HOUSE FEATURE

Total Injuries: (42)  Floor (16) Adult Supervision (8) Increased supervision (2)
35% Stairs (8) Modify Child Behavior (10) Got rid of/replaced (7)
Door (4) Safer Environment (14) Modified Environment (19)
Wall/Ceiling (4)
Other (10) Total Suggestions: 32
Total Items: 42 Total Changes: 28
FOOD/BEVERAGE
Total Injuries: (13)  Hot water/coffee (5) Adult Supervision (7) Increased supervision (1)
1% Hot soup (6) Modify Child Behavior (2) Got rid of/replaced (1)
Can (2) Safer Environment (5) Modified Environment (7)

Total Items: 13
Total Suggestions: 14
Total Changes: 9

OTHER ITEMS

Total Injuries: (15)  Beauty Supply (3)  Adult Supervision (4) Increased supervision (1)

12% Iron (2) Modify Child Behavior (1) Got rid of/replaced (2)
Child Item (2) Safer Environment (11) Modified Environment (7)
Other (8)
Total Items: 15 Total Suggestions: 16

Total Changes 10

+These are not mutually exclusive; the same individual could have mentioned more than one item or
suggestion for prevention of a given injury; @ 85 parents provided 110 suggestions for prevention; ®
59 parents made 83 changes
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DISCUSSION

This study explores how parents changed their homes after a medically attended
injury to prevent reoccurrence. Most parents identified a prevention strategy,
commonly an environmental modification (e.g., storing hazard), however only
57% made modifications. Parents’ endorsement of environmental modification
(e.g., passive strategies) is encouraging because this approach is a preferred
injury prevention strategy.(2) Increasing supervision (e.g., active strategies),
represented a smaller proportion (29%) of parents’ suggestions. Evidence
suggests that supervision can reduce injuries to young children; however,
research is required to address the many challenges parents face in these
efforts.(3,4)

Limitations of these findings include parental self-report about the injury could be
impacted by time that elapsed from injury event to interview and social desirability
bias. Safety changes reported by parents to prevent reoccurrence of medically
attended home injuries can inform future prevention efforts that are more likely to
be adopted in the future by other parents.
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ABSTRACT

Background

This study evaluates the impact of an enhanced fire department home visiting
program on community participation and installation of smoke alarms and
describes the rate of fire and burn hazards observed in homes.

Methods

Communities were randomly assigned to receive either a standard or enhanced
home visiting program. Prior to implementing the program, 603 household
surveys were completed to determine comparability between the communities.
During a one-year intervention period, 171 home visit events took place with
8,080 homes.

Results

At baseline, 60% of homes did not have working smoke alarms on every level;
44% had unsafe water temperatures; and 72% did not have CO alarms.
Residents in the enhanced community relative to those in the standard
community were significantly more likely to let the fire fighters into their homes
(75% vs 62%). Among entered homes, those in the enhanced community were
significantly more likely to agree to have smoke alarms installed (95% vs 92%),
to be left with a working smoke alarm on every level of the home (84% vs 78%)
and to have more smoke alarms installed per home visited (1.89 vs 1.74).

Conclusions

The high baseline rates of home hazards suggest that fire department home
visiting programs should take an “all hazards” approach. CHWs and other
community partnerships can be effective in promoting fire departments’ fire and
life safety goals. Public health academic centers should partner with the fire
service to help generate evidence on program effectiveness that can inform
decision making about resource allocation for prevention.
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INTRODUCTION

Fire departments in the United States respond to approximately 374,000
residential fires each year (1). There are more than 2,000 deaths due to
residential fires every year, and in 2009, fire and other burns led to 381,012
medical visits. (2,3) The lifetime costs generated in a single year by
hospitalizations due to fires and burns is an estimated $1.2 billion (4). Injuries due
to fire disproportionately affect those with lower incomes and living in poor urban
environment.(5,6)

Smoke alarms substantially reduce the risk of death in the event of a fire, and
increasing their use is a national health objective in the United States (7). Almost
two-thirds (63%) of all residential fire deaths occur in homes without working
smoke alarms (8). Rates of working smoke alarms on every level of a home, the
recommended standard, range between 22%-40% in high risk urban
communities. (8,9,10)

The CDC-sponsored Smoke Alarm Installation and Fire Safety Education
(SAIFE) program has been found to increase smoke alarm coverage in high-risk
communities (11). The program recommends installing 10-year lithium battery
smoke alarms on each level of a home, educating the resident about smoke alarm
maintenance and fire safety, and community promotion. How to implement such
a program to maximize community participation remains uncertain.

Community health workers (CHWSs) are often turned to for community promotion.
However, a recent systematic review found mixed evidence of their effectiveness,
(12) and only two studies involving home injury prevention (13,14). Almost two
decades ago, Schwartz et al (13) found that a CHW intervention addressing
multiple home safety behaviors increased smoke alarm coverage by 14%. Gielen
et al (14) found that a single CHW home visit after a pediatric health care visit
had no effect on smoke alarm use. Thus, the contribution of CHWs to promoting
smoke alarm canvassing programs is unclear.

To date, there have been no studies comparing different methods of accessing
homes to provide smoke alarms at the community level. With strong evidence
supporting their effectiveness and community wide installation programs, and the
availability of 10-year lithium battery alarms, it is timely to explore how to
maximize participation in these programs.

The Johns Hopkins Center for Injury Research and Policy (JHCIRP) addressed
this question in partnership with the Baltimore City Fire Department (BCFD), the
Maryland Department of Health and Mental Hygiene’s (DHMH) SAIFE program,
the Environmental Justice Partnership’s (EJP) community outreach program, and
the Urban Health Institute’s (UHI) community health worker program. Together,
we conducted the Johns Hopkins Home Safety Study to evaluate strategies to
maximize participation in the BCFD’s smoke alarm home visiting program.

105



Chapter 8

The primary aim of this paper is to evaluate the impact of an enhanced BCFD
home visiting program on community participation and installation of smoke
alarms when compared to their standard program. We hypothesized that
enhancing the BCFD’s standard home visiting program with a community
promotion component would increase the number of residents who participated
in the program and thus an increase in the number of homes properly protected.

To determine comparability of the communities that were to receive the home
visiting programs, we conducted baseline household surveys. Thus, a secondary
aim of this paper is to describe the rates of fire and burn hazards in a large urban
area. The study was approved by the Johns Hopkins Institutional Review Board.

METHODS

Standard Study Condition. The BCFD home visiting program has provided home
safety education and installed smoke alarms free of charge to any Baltimore City
resident for three decades. At the outset of our study and partly in response to
focus groups conducted as part of our formative research (15), the Office of the
Fire Marshal developed a new department-wide Manual of Procedures (MOP) for
the program and conducted trainings with personnel responsible for making
home visits. It required that all existing alarms be tested, and firefighters were to
install a new 10-year lithium battery alarm on every level unless it was already
protected with a working lithium battery or hard-wired alarm. One firefighter was
designated to provide fire safety education in the home, but there was no
community promotion.

Enhanced Study Condition. The enhanced intervention included the same
services as the standard condition, with several additional components. The
enhancements were developed in response to focus groups (15) and with input
from the previously listed partners (JHCIRP, BCFD, EJP, UHI) and new partners
we engaged during the planning process (community agencies, organizations,
and residents). The enhancements were designed to address three issues: 1)
residents did not know when the fire department was going to be in their
neighborhood so they were often not home or not prepared to let them in; 2) some
firefighters were uncomfortable with providing resident education; and 3) there
were missed opportunities to address other important fire and life safety
education issues once inside the home.

The enhancements included: 1) community promotion of the home visiting event
in advance by EJP, project staff and CHWSs; 2) tailored home safety education
provided by a health educator who accompanied the firefighter into the home;
and 3) when available, the CARES (Children ARE Safe) Mobile Safety Center, a
40-foot “house on wheels” with interactive educational exhibits parked in the
neighborhood; families were encouraged by the CHWs to visit for additional
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safety education and low cost safety products (16). The community promotion
component included having neighborhood associations “spread the word” (e.g.,
through listservs or newsletters), posting lawn signs and posters, and having a
team of two CHWs go door-to-door encouraging residents to be home for the
event and delivering a scripted educational message or leaving a door hang tag
if no one was home. On the day of the event, the CHWs again went door-to-door
in advance of the firefighters letting residents know they were coming. During the
home visit, a study health educator delivered tailored safety messages reinforcing
the firefighter's fire safety messages and addressing CO poisoning and scald
burns.

Neighborhood Selection and Random Assignment. To create two comparable
study communities, we used census tracts because of the size of the population
and the availability of data on relevant indicators: 1) housing vacancy rate; 2)
number of previously attempted BCFD home visits; 3) percent of successful
BCFD home visits (defined as BCFD gained entry into the home); 4) residential
fire rate; 5) percent of dwellings built after 1984; and 6) percent of dwellings that
were owner-occupied properties.

Six census tracts were needed in each study community for an adequate number
of households to test our hypotheses. To select the tracts, we first formed 10,000
random pairs of census tract sets (six in each set) out of all 49 census tracts in
East Baltimore. Using data from the BCFD and the 2000 U.S. Census Bureau,
(17) we computed a summary statistic for each set based on its un-weighted
average of the 6 indicators listed above. The quality of matching in each pair of
sets was assessed as the difference between the two sets of the raw sum of the
indicators.

The 10,000 matched sets were sorted by the quality of the matching, and the top
one percentile of matched scores was selected for further consideration. The
study team physically drove through the top candidate locations to ensure that
the areas had residential properties as expected and would be suitable for the
intervention. Two appropriate sets of census tracts were identified, and at a
partnership meeting a coin toss was used to assign one as the standard and one
as the enhanced community.

The final selection of 12 census tracks included a total of 10,879 residences
(5,467 in the standard and 5,412 in the enhanced). Public housing and city
managed properties were excluded because the BCFD home visiting program
does not serve these residences (n = 1,148). Of the 9731 addresses that were
potentially eligible for a home visit in the two study areas, 1657 were eliminated
because they were vacant or commercial properties or nonexistent addresses or
were missed. During the intervention period, an additional 119 addresses were
discovered and added; 113 addresses were eliminated because they were
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missed. Thus, a total of 8,080 homes were eligible for the program and form the
sample.

Census Data. We used census data (17) to assess the extent to which the study
areas were comparable on: proportion with income below poverty line; proportion
Black or African American; proportion >16 years in the labor force; proportion >25
years with a high school diploma; proportion receiving public assistance;
proportion owner-occupied dwellings; proportion vacant housing; proportion built
after 1980. We calculated the proportion for each individual census tract and then
calculated the average for the six census tracts in each community.

Baseline Household Surveys. We conducted household surveys with random
samples of residences in each study community to further assess comparability.
Between July and December 2009, we completed interviews and home
observations with 603 households (311 in the enhanced and 292 in the standard
communities). In three waves, a random selection of approximately 1,200
addresses were contacted via mail and then visited by interviewers. A new
random selection was done when all previously selected addresses had been
resolved (i.e., enrolled, refused, deemed ineligible, or did not respond after 5
attempts). Interviews were conducted with an English-speaking adult.
Participants were asked if they had been previously visited by the BCFD; smoke
alarms, CO alarms, and hot water temperature were tested.

Intervention Trial Outcome Data. Home visits were conducted between April 2010
and April 2011. The BCFD attempted to reach every address in the study
communities once. A data collector accompanied the firefighters on all home
visits and recorded the outcome data: was the resident was home (yes/no); did
the resident allow the fire department to enter the home (yes/no); and did the
resident allow the firefighters to install smoke alarms (yes/no). Based on the
number and location of all smoke alarms, we created a variable indicating
whether the home had a working smoke alarm on every level at the conclusion
of the home visit (9-volt or 10 year lithium battery or hard-wired working alarm),
and we calculated an average number of alarms installed per home entered.

Data Analysis. Chi-square and t-tests were used.
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RESULTS

Comparability of Standard and Enhanced Communities. As seen in Table 1, there
were no differences between the study communities on any of the census
variables. The study communities relative to the whole of Baltimore City, had a
higher percentage of residents living below the poverty line, fewer adults with a
high school diploma, fewer owner-occupied housing, and more vacant properties.

Table 1. Neighborhood Characteristics of Selected Census Tracts in East Baltimore and in Baltimore
City, MD

Standard Enhanced T-statistic Baltimore City
Study Area  Study Area  (P-value)

Income below poverty line 28.2% 27.8% 0.042 (0.97) 20.0%
Receiving public assistance 5.2% 6.2% 0.375(0.72) 5.1%
Black or African American 57.0% 54.0% 0.137 (0.89) 63.3%
16 years and over in labor force  65.3% 60.6% 0.481 (0.64) 62.1%
>25 years with high school 61.3% 68.6% 0.836 (0.42) 76.9%
diploma

Owner-occupied dwellings 46.5% 44.4% 0.162 (0.87) 51.1%
Vacant housing 25.0% 23.4% 0.305 (0.77)  19.3%
Dwellings built after 1980 6.5% 17.8% 1.27 (0.23) 10.7%

Baseline Rates of Prior Program Exposure and Fire and Burn Hazards. As seen
in Table 2, there were no differences between study areas in prior exposure to
the BCFD home visiting program or in the presence of smoke alarms, CO alarms,
and safe hot water temperatures. Although most homes had at least one working
smoke alarm, only 38%-42% had one on every level of their home. Roughly one
quarter of residents had safe hot water temperatures (<49°C/120°F). Slightly
more than one-half of the homes had CO alarms.

Table 2. Baseline Household Survey of a Sample of 603 Homes in Study Areas
East Baltimore, MD

Standard Enhanced Chi-square
Study Area Study Area (P-value)
(N=292) (N=311)
N (%) N (%)
Heard of the BCFD home visiting program 226 (77.4) 229 (73.6) 1.18 (0.6)
BCFD home visiting program ever came 170 (74.9) 159 (67.8) 2.85(0.2)
before
At least one working smoke alarm 252 (86.3) 267 (85.9) 0.02 (0.9)
One working smoke alarm on every level 110 (37.8) 131 (42.1) 1.16 (0.3)
Any alarms use 9-volt batteries 202 (89.0) 220 (91.3) 0.70 (0.4)
Any alarms use lithium batteries 10 (6.0) 10 (5.2) 0.12 (0.7)
Hot water temperature < 49°C/120° F 169 (58.1) 170 (55.4) 0.44 (0.5)
Working CO alarm 88 (30.1) 78 (25.1) 1.93 (0.2)
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Impact of the Enhanced Home Visiting Program. A total of 171 home visit events
took place, the results of which are displayed in Table 3. No difference was found
between the enhanced and standard communities in the proportion of residents
who were home on the day of the event (40%). Residents in the enhanced
community relative to those in the standard community were significantly more
likely to let the fire fighters come into their homes (75% vs 62%) and agree to
having smoke alarms installed (95% vs 92%). At entry, very few homes did not
need smoke alarms (16.0% had working hardwired alarms or 10-year lithium
battery alarms on every level), and there was no difference between the
enhanced and standard communities (14.7% vs 17.6%, X2= 3.19, p=0.07). In the
enhanced area, entered homes were significantly more likely than homes in the
standard area to be left with a working smoke alarm on every level (84% vs 78%)
and to have more smoke alarms installed per home (1.89 vs 1.74).

Table 3. Number of Homes Reached and Smoke Alarms Installed in Study Areas
East Baltimore, MD

Standard Study Area Enhanced Study Area Test Statistic
(82 Home Visit Events) (89 Home Visit Events)  (p-value)

N (%) N (%)

Resident Home
Yes 1588 (39.2) 1628 (40.4) X2 =1.11
No 2460 (60.8) 2404 (59.6) (0.3)
Total 4048 (100%) 4032 (100%)

Resident Agreed to Entry
Yes 983 (61.9) 1214 (74.6) X2 =59.60
No 605 (38.1) 414 (25.4) (<0.0001)
Total 1588 (100%) 1628 (100%)

Resident Agreed to Have Alarms

Installed
Yes 883 (92.1) 1077 (94.6) X2 =5.22
No/Unknown 76 (7.9) 62 (5.4) (0.02)
Total 959 (100%) 1139 (100%)

Working Alarms on All Levels at

End of Visit
Yes 767 (78.0) 960 (84.3) X2 =6.63
No/ Unknown 192 (20.0) 179 (15.7) (0.01)
Total 959 (100%) 1139 (100%)

Total # Alarms Installed 1663 2153 t=2.79

(Mean per home) (1.73) (1.89) (0.005)
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DISCUSSION

The overall aim of this community based intervention trial was to evaluate the
impact of an enhanced fire department home visiting program on community
participation and installation of smoke alarms. Our baseline survey demonstrated
a high need for the program in that the majority of the residents surveyed had
been visited previously by the fire department, and yet, 60% of homes did not
have working smoke alarms on every level, 72% had unsafe water temperatures,
and 44% did not have CO alarms.

The enhanced home visiting program increased access to homes by 21%, from
62% of residents in the standard to 75% in the enhanced area who let the fire
department into their homes. Once inside the home, the majority of home visits
were successfully completed, and those in the enhanced community relative to
those in the standard were significantly more likely to result in having smoke
alarms on all levels (84% vs 78%). All of the installed alarms were the 10-year
lithium battery alarms with a hush feature. These new alarms offer longer term
protection because the batteries do not have to be changed every six months,
and the hush feature allows residents to turn off nuisance alarms without
removing the batteries or otherwise disabling the smoke alarm (18).

A recent review of fire and life safety activities in US fire departments revealed
that although the vast majority (86%) report conducting prevention education,
fewer than 20% report conducting community canvassing programs such as the
one evaluated here (19). Our work shows that such programs are feasible and
result in increased protection. Prior smoke alarm distribution programs that have
evaluated their impact on fire deaths have had mixed results, (20,21) but
programs with 10-year batteries are only just now being evaluated, and we fully
expect that increased coverage with these longer lasting batteries will result in
fewer fire deaths.

To our knowledge, this is the first time CHWs have joined with a fire department
to provide community education and promotion in advance of a canvassing
program. Previously reported smoke alarm distribution programs have used
various combinations of community volunteers, paid staff, and fire personnel with
mixed results (13,14,21,22). Our study is most similar to the earlier work by
Schwarz et al,(13) who hired community liaisons to engage community members
at the block level in advance of having safety inspectors go door-to-door. Like
Schwarz’s work, we too found that advance notice provided by a recognized
community representative resulted in increased access to homes. We were
surprised, however, that the advance notice did not result in more residents being
home on the day of the event; how to address the 60% of residents who were not
home remains a challenge.
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We were also surprised that more smoke alarms were installed per home in the
enhanced community relative to the standard because the fire department
protocol was the same in both. It is possible that residents were more receptive
in the enhanced community, which encouraged the fire personnel in their efforts
to install alarms on all levels. Perhaps the fire personnel were influenced by
knowing they were in the enhanced community and by having a health educator
with them. It was not possible to “blind” the fire personnel to study condition given
the added intervention components in the enhanced area. Because canvassing
was assigned based on the firehouse’s designated inspection area that did not
align with our study areas, some firefighters provided home visits in both areas in
which case they may have been more diligent in the standard community,
suggesting our results may underestimate the benefit of the enhanced program.

There are limitations to this study. Our findings, while significant, were likely
muted by our decision to define the geographic areas using census tracts rather
than natural borders that define neighborhoods. Using census tracts allowed us
to access existing data to select a comparable set of households. However, we
were limited in our ability to create a robust community level campaign because
our enhanced community was made up of pieces of several neighborhoods. It
was difficult for community partners to fully engage in promoting the program
when their organizations encompassed areas that were part of the intervention
and other areas that were not. Researchers designing community interventions
will need to consider how best to define community in light of the implications for
fully engaging community partners. Finally, something other than our intervention
may have produced the observed effect. However, we know of no competing
ongoing fire safety events in our study areas, and because both study areas were
in Baltimore City, any major fire event or fire safety campaign would probably
have affected both study areas equally.

Despite these limitations, our large sample size and demonstrated success in
gaining access to homes and installing smoke alarms warrants consideration of
the implications for fire department canvassing programs more broadly. First, fire
departments serving communities such as ours need to take an “all hazards”
approach to public education, given the high prevalence of unsafe water
temperatures and lack of CO alarms we observed. Second, fire departments
should consider ways to better utilize CHWs and other community partners to
promote their fire and life safety goals. Although fire department budgets may
preclude hiring CHWSs, there are likely a number of opportunities for fire
departments to partner with other local agencies and organizations that could
provide the same function as the CHWs did in this study. Finally, the partnership
between the fire service and a public health academic center was important for
being able to systematically collect evidence on program effectiveness that can
be used to inform decision making about resource allocation for fire and life safety
education.
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ABSTRACT

Objective

Hot water scalds continue to pose a serious threat in the home, causing over
1500 hospital admissions and 100 deaths each year in the United States. We
aimed to determine whether households who participated in an enhanced home
safety visit demonstrated improved safety behaviors about hot water compared
to homes receiving a standard home visit. This community intervention trial took
place between April 2010 and April 2011.

Methods

Hot water temperature and self-reported prevention behaviors were recorded at
a baseline visit and retested 6-9 months later in a follow-up visit. Residents whose
hot water temperatures remained at an unsafe temperature were asked why they
did not adjust the temperatures. Demographic data were also recorded.

Results

A total of 708 households participated. No significant difference emerged
between the two study groups in the proportion of households observed to have
adjusted their hot water temperature to safe levels between the baseline and
follow-up visits (t = 1.24; P = 0.22). Residents who received the enhanced
education were more likely to report testing their water temperature (27% vs 11%;
P <.01) and turning their hot water temperature below 49°C/120°F (43% vs 32%;
P = .08). Among those who had unsafe temperature levels and did not reduce
the water temperature, the most common reason (26%) offered was that they
“liked it hot.”

Conclusions

These results demonstrate that water temperatures are unsafe in many urban
homes. The effect of educational interventions may be mitigated by personal
preferences of hot water temperature.
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BACKGROUND

The Consumer Product Safety Commission (CPSC) recommends that water
heater manufacturers preset the temperature of hot water heaters to 49°C/120°F.
Though this manufacturing recommendation has been in place for decades, hot
water scalds are responsible for about 1500 hospital admissions and
approximately 100 deaths in the US per year (1,2). Older adults and children are
at increased risk for hot water scalds because they have thinner skin that burns
more quickly than thicker skin of young and middle-aged adults. Each year
approximately 21,000 children are treated for scald burns of all causes, Scald
burn injuries comprise about 65% of all burn hospitalizations for children aged 4
and below (3). Hot tap water is responsible for about a quarter of all scald burns
in the United States and is associated with more deaths and hospitalizations in
children than any other hot liquid (4-7). Older adults who suffer scalds from hot
tap water face higher death rates, longer hospitalizations, and more severe health
complications than younger adults who sustain similar injuries (8,9).

Costs for scald burn deaths and injuries among American children ages 14 and
below total about $44 million each year, with the children aged 0-4 years
accounting for over 90% of this cost (3). In New York City, societal costs attributed
to tap water scald injuries for people of all ages from 1996 to 2003 were estimated
to range from between $102 million and $149 million (10).

The severity of hot tap water scalds depends on the temperature of the water and
the duration of time to which the skin is exposed (2). Exposure to water at
49°C/120°F can resultin a serious burn in 10 minutes, whereas exposure to water
at 140°F can result in a serious burn in as little as 3 seconds (11). In the home,
tap water scalds predominately occur in kitchens and bathrooms (12). Scalds
occurring in the bathroom present a great danger for young children, as more of
the body is exposed to hot water during bathing (13). Young children
experiencing scalds in the bathroom, in predictable ways including falling into the
bathtub, coming into contact with hot running water, and being placed into
excessively hot water accidentally or intentionally (13).

Previous work has demonstrated an association between water temperature and
the number of individuals in the home, size of water heater, homeowner status,
and type of water heater (14). Interventions to reduce hot water temperatures,
mostly educational in nature, have been the focus of much previous research. A
pooled analysis of 16 studies showed varying outcomes, but overall, families
participating in the intervention arms were found to be more likely to have a
discrete study-defined “safe hot water temperature”, than families in the control
arms (OR =1.41,95% CI [1.07, 1.86]) (15). While existing studies have measured
the effect of home safety interventions on a household’s hot water temperature,
there are no reports in the literature about reasons why participants in these
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educational interventions, who had excessive hot water temperatures, did not
turn down their hot water temperature.

This study primarily aimed to determine whether households who participated in
an enhanced home safety visit demonstrated improved safety behaviors about
hot water compared to homes receiving a standard home visit. We hypothesized
that participants in the enhanced area would be more likely to have safe water
temperature, and higher self-reported testing behaviors. We also sought to
examine household characteristics that predict safe hot water temperature, and
based on the literature and our previous work, we hypothesized that rental
properties, and homes with fewer residents would be more likely to have safe
water temperatures. Finally, we additionally explore participants’ self-report of
testing behavior and reasons for not adjusting water temperature when they had
been counseled to do so, which has not been previously reported in the literature.

METHODS

As part of a community trial evaluating a fire department home visiting program
previously described (12), hot water temperatures were tested during a home visit
intervention. This community intervention trial took place between April 2010 and
April 2011. Two study areas received one of two home visiting interventions.
Homes in the standard area received an unannounced home visit from the fire
department and for any resident that agreed, the installation of a lithium battery
smoke alarm on each level of their home. At this baseline intervention visit, study
staff recorded the temperature of the hot water and provided feedback on the
safety of the temperature. Homes in the enhanced area received the same
services as homes in the standard area, but the visits were enhanced with
advance notice of the home visit and opportunities for the resident to receive
educational messages from a safety educator who accompanied the firefighter.
Education was about current temperature and need for change was provided to
all families. Intervention families also received tailored information based on their
answers to knowledge questions and a thermometer to assist with water testing.
The educational materials were developed with attention to the needs of a low
literacy population. Safety educators and data collectors followed standard
protocol collection and for delivery of information. A follow-up visit to assess
outcomes was made 6-9 months later for families who gave permission for the
data collectors to return. All survey items were cognitively interviewed to ensure
understanding prior to being used in the field.
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Data Collection

Data collection took place inside residents’ homes at the time of the fire
department home visit (baseline) and six months later (follow-up). After
permission to enter the home was granted for the baseline home visit, the
firefighters installed the smoke alarms while trained data collectors recorded their
activities. When the firefighters finished installing the alarms, the data collectors
asked the resident to complete a brief survey about their home visit experience
and their home safety knowledge (the baseline survey). This community
intervention trial took place between April 2010 and April 2011.

During the fire department home visit, study staff tested the resident’s hot water
temperature. Hot water was considered unsafe if the temperature was above
49°C/120°F. Study staff informed the resident the temperature of their hot water
and advised them to lower the temperature if the hot water was above the
recommended 49°C/120°F. Participants in the enhanced area received further
education about the dangers of water that is too hot and the risks of scald burns.
Participants in the enhanced area whose hot water was above 49°C/120°F were
provided specific instructions on how to reduce the temperature setting on their
water heater (turn down the gauge on a gas water heater or call an electrician for
an electric water heater) and a thermometer to retest the water temperature after
adjusting it.

Residents who completed the baseline survey were informed about the six-month
follow-up and asked if they would be willing to participate. Six months after the
home visit, each participating household was visited to complete the follow-up
survey and to have all the installed alarms checked. Residents completed an
interviewer-administered, computer-assisted survey. Following the survey, data
collectors recorded the temperature of the hot water as described below.
Respondents were ineligible if the home had become vacant, if the original
respondent had moved, or if the respondent was impaired and unable to complete
the follow-up visit. The remainder was lost to follow-up (ten unsuccessful attempts
by data collectors to reach the participant and complete the survey).

The Johns Hopkins School of Public Health Institutional Review Board approved
this study.

Measures

Demographics

Respondents self-reported household size, education level, income, owner status
and household composition at follow-up. Using self-reported household income and
the number of people supported on that income, the household was classified as
living in poverty if the income was below the 2010 Federal Poverty Guidelines. (16)
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Water Heater Characteristics

Water heater type (gas or electric), and size in gallons were observed during
follow-up by data collectors while in the home. Using the self-reported household
size and observed size of the water heater, we calculated gallons per person.

Observed Hot Water Temperature

Data collectors used a candy thermometer to test the temperature of the hot tap
water during the fire department baseline intervention and follow-up visits. Candy
thermometers provide a measure of temperatures between 75°F and 400°F.
Water temperature was tested in the kitchen. Data collectors were instructed to
completely open the hot water faucet for one minute, to fill a cup with that water,
and then to measure the temperature with the candy thermometer. Hot water was
considered “safe” if the temperature was 49°C/120°F or less.

Self-Reported Prevention Behaviors

Three questions were asked to all respondents during follow-up to determine
protective behaviors taken to reduce the chance of scald burns from tap water
including testing behavior, and if an adjustment was made by the respondent or
landlord.

Reason for Not Adjusting Water Temperature

Participants who reported they had been advised to turn down the hot water
temperature at the baseline intervention visit but had not were asked a select-all-
that-apply multiple choice question at follow-up about their reason for not
adjusting the water temperature.

Statistical Analysis

Descriptive statistics on demographics and household characteristics were
generated for the standard and enhanced study areas and compared with a chi-
square test. Hot water temperatures as measured during the baseline
intervention and follow-up visits were cross-tabulated for the standard and
enhanced areas. Differences between standard and enhanced areas in change
in safe water temperatures were compared using a paired t-test.

A sub-analysis of participants whose water was too hot at the baseline
intervention visit was conducted to examine hot water safety behaviors, including
adjusting water heater temperature and retesting water temperature with a
thermometer. This subsample was selected because it represents the group of
participants that need to change their hot water temperature and are able to do
so. Behaviors for the standard and enhanced areas were compared using a chi-
square test.

Among those with a gas water heater who were told that their hot water
temperature was too high, but did not adjust the water heater temperature,
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reasons for not turning down the hot water temperature were tabulated. Only
those with a gas water heater were included in this analysis because these
residents were instructed how to turn down the temperature of their water heater.

A logistic regression was run to identify the correlates of having safe hot water at
follow-up among those whose water was too hot at the baseline intervention visit,
adjusted for study group, the gallons per person, reported adjusting the water
heater temperature, type of water heater, and home ownership status. Type of
water heater, gallons per person and homeownership have been associated with
safe hot water temperature in the literature (14). Observations that were missing
one or more variables were excluded from the regression.

All analyses were performed in SAS 9.3 (SAS Institute Inc., Cary, NC) P-values
less than 0.05 were considered statistically significant.

RESULTS

A total of 2197 residents, 983 in the standard program and 1214 in the enhanced
program areas, participated in the baseline fire department home visit. Of these,
680 (69.18%) in the standard program and 709 (58.40%) in the enhanced
program completed the baseline survey (p<0.01), making them eligible for the
six-month follow-up. Of those completing the baseline, 633 (93.08%) in the
standard program and 629 (88.72%) in the enhanced group were interested in
participating in the follow-up (p<0.01).

Between January 2011 and December 2011, 754 follow-up interviews were
completed. There was no difference in the completion rates across groups for the
follow-up survey: 373 (58.92%) in the standard area and 381 (60.57%) in the
enhanced (p=0.55) completed the follow-up. Those who did not complete the
follow-up either refused, were ineligible, or were lost to follow-up.

Respondents were typically female (72%), with at least a high school diploma or
GED (80.85%) and were homeowners (58%). Participants in the standard area
were more likely to have children in the home (53% vs. 37%, p<0.01) (Table 1).
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Table 1. Demographics

Standard Enhanced  Total 2
N=341(%) N=2367 (%) N=708"(%)
Gender Male 82 (24.05) 110 (29.97) 192 (27.12) 3.14
(p=0.08)
Female 259 (75.95) 257 (70.03) 516 (72.88)
Age 18 to 24 13 (3.82) 14 (3.84) 27 (3.83) 12.89
(p=0.01)
25to 34 85 (25.00) 60 (16.44) 145 (20.57)
35t0 44 58 (17.06) 74 (20.27) 132 (18.72)
45 to 55 80 (23.53) 72 (19.73) 152 (21.56)
55 and above 104 (30.59)  145(39.73) 249 (35.32)
Household Role  Head of Household 289 (84.75) 302 (82.74) 591 (83.71) 0.52
(p=0.50)
Other 52 (15.25) 63 (17.26) 115 (16.29)
Education < high school diploma 59 (17.35) 76 (20.82) 135(19.15) 3.80
(p=0.28)
HS diploma/GED 128 (37.65)  145(39.73) 273 (38.72)
Some college 67 (19.71) 54 (14.79) 121 (17.16)
Completed college 86 (25.29) 90 (24.66) 176 (24.96)
Household income Yes 75 (26.69) 83 (27.21) 158 (26.96) 0.02
below the poverty (p=0.89)
line”? No 206 (73.31) 222 (72.79) 428 (73.04)
Homeowner Rent 144 (42.73) 148 (40.66) 292 (41.65) 0.31
Status (p=0.58)
Own or pay mortgage 193 (57.27) 216 (59.34) 409 (58.35)
Children in home Yes 180 (52.79) 137 (37.33) 317 (44.77) 17.07
(<18y) (p<0.01)
No 161 (47.21) 230 (62.67) 391 (55.23)
Number of people 1 person 34 (10.00) 77 (21.10) 111 (15.74) 18.01
in the home (p<0.01)
2-3 people 169 (49.71) 174 (47.67) 343 (48.65)
4-6 people 119 (35.00) 98 (26.85) 217 (30.78)
7 or more people 18 (5.29) 16 (4.38) 34 (4.82)
Type of Heater  Gas 269 (87.91) 281 (86.46) 550 (87.16) 0.29
(p=0.59)
Electric 37 (12.09) 44 (13.54) 81 (12.84)

*Some variables do not add up to 708 due to missing item responses.

Measurements for the hot water temperature for both the baseline intervention
visit and the follow-up visit were available for 679 households. Table 2 shows the
change between baseline and follow-up of participants who went from safe to
unsafe, vice versa, or remained unchanged. The temperature of the water was
hotter than recommended (greater than 49°C/120°F degrees) at baseline in 39%
of homes (264/679) and in 41% of homes at the follow-up (277/679). At baseline,
the 264 homes with unsafe water temperature had a mean temperature of 130.9°.
Of these homes, 91 had safe hot water temperature at follow-up with a mean

temperature of 113.9°. There was no difference between the standard and
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enhanced groups in the percentage of homes changing from unsafe and safe hot
water temperatures (t=1.25; p=0.22). In all, roughly two-thirds (65.53%) of those
with unsafe hot water temperatures at baseline remained unsafe at follow up.

Table 2. Hot Water Temperature at Baseline and Follow-up (N=679)

Hot water ~ Standard Enhanced Total
safe*? Follow-up (n=332) Follow-up (n=347) Follow-up (n=679)
Safe Unsafe Total Safe Unsafe Total Safe Unsafe Total
Safe 145 58 203 (100)166 46 212 (100)311 104 415
(71.43) (28.57) (78.30) (21.70) (74.94) (25.06) (100)
w
% Unsafe 43 86 129 (100)48 87 135 (100)91 173 264
(UDJ (33.33) (66.67) (35.56) (64.44) (34.47) (65.53) (100)
)
TOTAL 188 (100)144 (100)332 (100)214 (100)133 (100)347 (100)402 (100)277 (100)679

(100)

*Paired t-test between Standard vs. Enhanced for changes from baseline to follow-up: t=1.24 (p=0.22)
*Safe Hot Water Temperature Defined as < 49°C/120°F

Table 3 displays the frequency of self-reported hot water safety behaviors among
N=224 participants with a gas water heater who had water that was too hot at the
baseline intervention visit. Few participants reported turning down the
temperature of the hot water (n=83; 31%) or testing the hot water temperature
with a thermometer (n=42; 16%) at follow-up. However, participants in the
enhanced group were significantly more likely to report testing the hot water
temperature with a thermometer (27 % vs 11 %; p<0.01) and they were somewhat
more likely to report turning the temperature down (43% vs 32%; p=.08) although
the difference was not statistically significant.
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Table 3. Self-reported hot water safety behaviors among residents with a gas water heater whose

water was too hot at baseline (N=224)

Standard Enhanced Total Chi-Square
N =129 N =135 (%) N =264 (%)
(%)
Have you taken  Test the hot water 12 (10.53) 30 (27.27) 42 (15.91) 10.31
any of the with a thermometer (p<0.01)
following actions
to prevent hot tap Ty the hot water 36 (31.58) 47 (42.73) 83 (31.44) 2.98 (p=0.08)
water burns in heater down below
your home inthe qo¢°
" ?*
last 6-9 months?” | ol an anti-scald 0 (0.00) 1(0.91)  1(0.38)  1.04 (p=0.31)
device
Have you or Yes, made it hotter 9 (8.41) 6 (5.61) 15 (5.68) 4.11 (p=0.13)
anyone else (like a
landlord) adjusted Yes, made it cooler 32 (29.91) 46 (42.99) 78 (29.54)
the temperature
sefting of your o/ pontknow 66 (61.68) 55 (51.40)  121(45.83)

water heater in the
last 6-9 months?#

*Items are not mutually exclusive.

# Does not add up to 224 due to missing item responses.

Table 4 describes the reasons why people did not lower their water temperature
even after being told at baseline that it was too high. The most frequently cited
reason was that they liked it hot (n=28; 26%). Others reported that they did not
know how to lower it (n=18; 17%), that they needed help to adjust it (n=7; 7%),
that they needed it hot to clean their dishes or laundry (n=6; 6%), and that other
people in their home would complain if they turned it down (n=5; 5%).

Table 4. Reported reasons for not turning down water temperature (N=95)*

Reason Count Percentage
We like it hot 28 26%
| don’t know how 18 17%
We actually did turn it down 13 12%
Not needed 10 9%
Don’t know/no reason 9 8%

I need help (from family or landlord) to lower it 7 7%
It will be too cold to get the dishes or laundry clean 6 6%
My family will complain if it is too cold 5 5%

| have not made the time 5 5%
Turned it down did not like it and then turned it back up 4 4%
Bath would be too cold if it was lower 2 2%
No access to change it 0 0%

*Items are not mutually exclusive; respondents were able to select multiple answers.
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In the multiple logistic regression model predicting safe hot water temperature at
follow-up among those whose water was too hot at the baseline intervention visit
(Table 5), study group assignment and self-report of adjusting the water
temperature were not significant. Homeowners were had odds 2.41 times higher
than renters to have a safe hot water temperature (p=0.02).

Table 5. Logistic Regression of Safe Hot Water Temperature at Follow-up among those with Unsafe
Temperatures at Baseline (N=203*)

Odds Ratio of Safe Hot Water Temperature at Follow-up p-value
Study Group Standard Reference
Enhanced 1.10 0.77
Gallons Per Person in the home Per 1 gallon increase 1.01 0.49
Reported adjusting hot water No / Don’t know Reference
temperature Yes, made it hotter 2.41 0.34
Yes, made it cooler 1.98 0.53
Type of water heater Gas Reference
Electric 0.66 0.64
Homeowner Status Rent Reference
Own or pay mortgage 2.41 0.01

*n=61 participants (n=20/91 with safe hot water at follow up; n=41/173 with unsafe hot water at follow
up) were missing data on one or more variables in the regression and were excluded

DISCUSSION

This manuscript reports on the results of a community intervention trial aimed at
improving observed hot water temperature, and testing behaviors. Based on our
results, the hot water intervention was not effective in our sample. Observed hot
water temperature remained higher than recommended in 41% of homes at
follow-up, with no differences found between groups. Our ability to measure
differences between groups may have been muted by the fact that the data
collectors informed residents in the standard group when their water temperature
was higher than the recommended temperature. In addition, our measurement
of observed water temperature may be too crude, as it does not take into account
recent water usage from the water heater, which could affect the observed water
temperature. This is supported by the fact that we saw shifts from safe hot water
temperatures to unsafe temperatures from baseline to follow-up in both samples
as well as shifts in the desired direction. Our one-time educational intervention
which counseled at-risk individuals to lower their water heater temperature setting
may not have been robust enough to affect change. Temperature gauges on
water heaters are complicated; the settings on the gauge do not equate to actual
temperature readings and require an iterative process of turning the dial back,
waiting, and testing the water temperature to reach a desired temperature (14).
Residents may be more likely to set their water heater temperature at a safe
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setting if the actual water temperature at the tap was more easily determined by
a clearly marked safe setting on the gauge.

The effect of the home safety intervention on whether at-risk families lowered
their water heater temperature settings is also not ideal, as only 31% of
respondents who were counseled to lower their water temperatures reported
doing so across the two interventions, and the enhanced intervention that
provided more detailed information about testing and turning down the
temperature did only slightly better. Participants in the enhanced group were
significantly more likely to report testing the water temperature with a
thermometer although only 27% of them reported actually doing so. It possible
that our one-time intervention was not enough to effect the change we
recommended.

Our results are similar to those found by others who have tested educational
interventions to promote safe residential hot water temperatures. Work by Babul
et al demonstrated that families receiving a home safety intervention were two
times more likely to adjust their hot water temperature to safe levels, than families
who did not receive a home safety intervention (17). Engineering interventions
that install anti-scald devices at the tap have shown more promise in protection
from scalding water. Kendrick et al has demonstrated a decrease in scald burns
after utilizing this passive intervention (18). While potentially more promising, the
installation of anti-scald devices cost about $250 per room ($100 for the valve
and $150 for installation) (19). Such an intervention was beyond the budget of our
community intervention trial but should be considered, as anti-scald devices may
be a cost-effective way to reduce burns from tap water. An educational
intervention targeting landlords should also be considered. Rental properties in
our sample were more likely to have unsafe water temperatures. An intervention
targeting landlords with an injury prevention and liability minimization message
may be effective.

An additional finding of note from our work comes from the reasoning of
respondents who reported that they did not lower their hot water temperature.
Participants whose water was too hot at baseline and did not adjust the
temperature before follow-up were asked reasons for not having lowered their
water heater setting. The most common reasons for not having lowered the
temperature where that they liked it hot (26%) or that they did not know how to
adjust their heater setting (17%). It may be necessary to improve risk awareness
to affect change in this group. It may also be helpful to recommend that families
purchase larger water heaters to accommodate household hot water demand. Our
previous work demonstrated that the availability of more hot water for each person
(gallons per person) was associated with lower hot water temperatures (14).

Our study results are limited by it having been conducted as part of a community
intervention trial, as opposed to a randomized controlled trial. Our hot water
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outcomes may be muted by our protocol to inform participants in both the
standard and enhanced group when their water was too hot. Though the
enhanced group intervention was more robust educationally, it may not have
been different enough to effect change between groups.

The research reviewed above describes the risk of injury associated with tap
water scald burns and the previous prevention efforts to educate
residents/families about the need to test their water temperature and adjust their
water heater setting. The aims of this paper are to report on the effect of reported
and observed behaviors of an intervention aimed at encouraging residents to test
and when need to lower their water temperature in a large sample of urban
homes; and to report residents’ reasons for not lowering their water temperature.

The human and financial costs of residential scald burns are significant and
noteworthy. Most of these burns can be prevented. Our educational intervention
experienced some success, but additional attention is needed to determine the
best combination of interventions to reduce unintentional scald burns in the US.
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ABSTRACT

Home injuries cause more than 30,000 deaths and 12 million nonfatal injuries
annually in the United States. They generate an estimated $222 billion in lifetime
costs annually. Despite some data limitations in documenting home as the
location of an injury, much progress has been made in identifying effective
prevention strategies that reduce injury or mitigate risk behaviors.

The current interest in public health in the role of housing in health offers
unparalleled opportunities for injury prevention professionals concerned with
home injuries. Sharing the science of injury prevention with the wide array of
professionals—such as architects, home builders, home visitors, and fire and
emergency medical services providers—who create home environments and
interact with residents could be a useful approach. A collaborative national effort
to reduce the burden of home injuries is needed.
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INTRODUCTION

Two separate but related strands of research have led to a new appreciation of
the importance of the magnitude of home injuries in the U.S., and the need to
prevent them. First is the emphasis in public health on social determinants of
health, which has been incorporated in the national Department of Health and
Human Services (DHHS) 2020 health objectives for the nation, and specifically
includes safe and healthy housing as an indicator (108). According to the World
Health Organization, social determinants of health are “the circumstances in
which people are born, grow up, live, work and age...... These circumstances are
in turn shaped by a wider set of forces: economics, social policies, and politics
(130).” Related to housing and health, social determinants can include
characteristics of the physical environment where there are clear injury risks,
such as lack of working smoke alarms, tap water that is too hot, deteriorating
stairs, and poor-quality electrical wiring.

Contemporary public health’s second related area of research important to home
injury prevention is the environmental health field’s inclusion of injury in the
conceptualization of healthy housing (14,84,103). With extensive input from a
national committee and technical review group, the National Center for Healthy
Housing (NCHH) and the American Public Health Association (APHA) issued the
2014 National Healthy Housing Standard (92). These standards incorporate
many elements of the physical environment that convey injury risk, such as
electrical hazards that can cause fires and sources of carbon monoxide
poisoning.

Home injuries result from interactions between individuals and their physical and
social environments, which is why there are natural synergies among social
determinants of health, environmental health, and injury prevention. With more
than 30,000 home injury deaths annually in the U.S. (75), the growing support for
and interest in comprehensive and collaborative efforts to prevent home injuries
is warranted. Moreover, for every home injury death many more non-fatal home
injuries occur; from 1997-2001 there were, on average, 12.4 million non-fatal
home injuries annually (100). These injuries were estimated to cost $222 billion
annually in medical care alone (100). Fortunately, many of these injuries are
preventable through the use of injury prevention countermeasures and principles
of practice, as we will show.

133



Chapter 10

AIMS

The aims of this paper are to 1) describe the epidemiology of home injuries; and
2) summarize the evidence on prevention strategies that address the groups most
at risk for four of the leading causes of home injury -- infant sleep-related deaths,
house fires and burns, poisonings, and falls. A robust body of literature provides
evidence for the preventability of many of these injuries, and we draw on existing
reviews of it, including the Cochrane Collaboration Reviews (e.g., 45, 58, 71, 126,
127), national level policy recommendations (e.g., 23, 34, 90, 95). We categorize
the prevention strategies as follows:

Strong evidence: prevention strategy has been extensively documented with
empirical research and/or Cochrane Reviews.

Promising evidence: prevention strategy has some positive evaluation data to
support it.

Recommended practice: prevention strategy has no or very limited research
evidence, but it is by relevant professional organizations and/or national policy
documents.

Epidemiology of Home Injuries

In 2002 the Home Safety Council commissioned the first comprehensive study of
home injuries in the United States; this study was updated in 2004 (55, 100).
These landmark reports compiled national data from multiple sources to
document the prevalence of and risk factors for fatal and nonfatal home injuries,
as well as the use of safety products and behaviors to reduce those risks. The
national experts contributing to these reports concluded with a strong set of
recommendations (see sidebar, Home Safety) to address what they showed to
be a large and substantially preventable problem, despite having limited
surveillance data that detail the location of injury incident. Even today, there are
issues related to obtaining data on the location of the injury incident. The Agency
for Healthcare Research and Quality's Healthcare Cost and Utilization Project
provides extensive data on hospitalizations and emergency department visits, but
because the coding is done for billing purposes, codes with no financial incentive,
such as the location of injury incident, are usually underreported (62). Even for
injury deaths, Mack et al. (77) found that the location of injury incident was
missing for 31% of the death certificates they reviewed from 2000 to 2008. The
National Health Interview Surveys (26), however, include detailed questions
about injuries that required medical attention as well as the cause and the location
of the injury incident, specifying inside the home or outside the home (e.g.,
porches). In the next sections, we present currently available data on fatal and
nonfatal home injuries.
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Home Safety

Following are recommendations from the 2004 report, The State of Home Safety
in America: Facts About Unintentional Injuries in the Home (excerpted from 100,
pp. 13—15).

1. Multiple organizations should commit to a collaborative national effort to
address the home safety problem.

2. Congress should allocate increased resources to support injury prevention
efforts.

3. Federal agencies responsible for injury data should examine how to improve
the quality and completeness of data about injury in the home environment.

4. Injury researchers and practitioners should work together to develop research
priorities to better understand the nature and magnitude of injury in the home
environment; Congress should fund initiatives to address these priorities.

5. Designers, architects, and engineers as well as policy makers need to be
supported in applying existing knowledge to the development of new
interventions, with particular attention to improvements in the design,
manufacture, and marketing of safe consumer products; development and
enforcement of improved regulatory standards for home safety design,
construction, and maintenance, including monitoring of adherence to
standards at the time homes are sold or rented; universally applied safety
standards, as well as allowance for enhanced measures appropriate to
address specific geographic and population needs; laws and social norms that
relate to intervention acceptance and success; and strategies to modify
human behaviors to be more conducive to home safety.

6. Funding agencies and organizations should require well-designed evaluations
as an essential component of funding intervention efforts.

7. Funding agencies and organizations should support development of more
effective ways to disseminate information about home safety to the general
population as well as to decision makers.

Fatalities

From 2000 to 2008, an average of 30,569 home injury deaths occurred annually
(Table 1). Adults made up the largest proportion of these deaths; 21.9% occurred
among those 80 years of age and older, who also had the highest death rates by
an enormous margin (65.3/100,000) (many of these deaths are due to falls, as
discussed below). Infants experienced home injury deaths at the next highest rate
of 17.7 per 100,000; the most common cause of injury death in this age group is
due to unsafe sleep environments (discussed below). The male—female ratio of
home injury deaths was consistently higher in males than in females, with the
largest discrepancy among those 15—-29 years of age.
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Table 1. Average Annual Unintentional Home Injury Deaths by Age Group and Ratio of Males to
Females: United States, 2000-2008

Age group Total Rate ratio Male:
(years) 4 Percent Rate (95% Cl) Female
<1 725 24 17.7 (17.2, 18.1) 1.3

1-4 688 2.3 4.3 (4.2,4.4) 1.6

5-9 254 0.8 13(1.2,1.3) 14
10-14 203 0.7 1.0 (0.9, 1.0) 1.8
15-19 588 1.9 2.8(2.7,2.9) 3.2
20-29 2,729 8.9 6.8 (6.7, 6.8) 3.0
30-39 3,593 11.8 8.7 (8.6, 8.8) 2.1
40-49 5,778 18.9 13.0 (12.9, 13.1) 1.8
50-59 3,987 13.0 11.1 (11.0, 11.2) 1.8
60-69 2,161 71 9.5(9.4,9.6) 1.8
70-79 3,150 10.3 19.5 (19.3, 19.7) 1.6
280 6,708 21.9 65.3 (64.8, 65.8) 1.5

Al 30,569 100.0 10.4 (10.4, 10.5) 1.5

Note: Rate is crude rate per 100,000 people
@ Age groups do not sum to total as age was missing for a small number of deaths (n=56). Data
excerpted from: Mack, et al, 2013 and includes injuries occurring inside and outside the home

Nonfatal Injuries

In 2012, there were 19.4 million episodes of medically attended home injuries
(Table 2), most of which happened inside the home (11.8 million). In contrast with
the death data, more females than males experienced injuries inside the home.
Similar to the death data, injury rates were highest among those 75 years of age
and older. Rates differed by ethnicity, although for several groups the numbers
were too small to have reliable estimates. Poverty status seems to be associated
with higher rates, particularly for in-home injuries where the rate is 8.24 for those
classified as poor, 6.95 for near-poor, and 2.90 for the nonpoor. Geographic
variation was not striking, except that those in large metropolitan statistical areas
and those in the south had the lowest rates of home injuries.
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Table 2. Frequency and Age-Adjusted Rates of Medically Consulted Injury Episodes Occurring in the
Home: United States, 2012 (2)

Selected characteristic ~ Total Inside Home Outside Home
# (thousands) # Rate (SE) # Rate (SE)
Total 19,420 11,816  37.35(2.38) 7,604 2417 (1.97)
Sex
Male 8,509 4,455 29.93 (3.13) 4,054 27.39 (3.10)
Female 10,911 7,362 44.23 (3.43) 3,549 21.48 (2.41)
Age
Under 12 years 2,825 1,721 35.25 (5.19) 1,104 22.62 (4.23)
12-17 years 1,203 602 24.25 (6.14) 601 24.20 (6.74)
18-44 years 5,089 3,060 27.56 (3.44) 2,029 18.28 (2.93)
45-64 years 6,150 3,732 45.50 (5.03) 2,418 29.49 (4.06)
65-74 years 2,060 1,370 57.63 (10.78) 690 29.05 (8.29)
75 years and over 2,093 1,332 73.70 (13.19) 761 42.07 (10.75)
Race
One race 19,052 11,551  37.31 (2.41) 7,501 24.36 (2.01)
White 16,569 9,820 39.32 (2.81) 6,749 26.83 (2.41)
Black or African 1,540 1,020 26.99 (4.65) 520 12.95 (3.15)
American
American Indian or *528 *327 *164.74 (65.44)  *201 *65.79 (29.17)
Alaska Native
Asian *384 *384 *27.06 (8.95) * *
Native Hawaiian or - - - - -
Other Pacific Islander
Two or more races *368 *266 *40.71 (16.04) *102 *
Hispanic or Latino origin
and race
Hispanic or Latino 2,291 1,387 27.80 (4.68) 904 18.90 (3.62)
Not Hispanic or Latino 17,130 10,430 39.08 (2.69) 6,700 25.56 (2.31)
Education
Less than a high school 2,054 1,459 52.36 (9.19) 595 21.35 (5.60)
diploma
High school diploma or 3,684 2,623 43.30 (5.70) 1,061 18.84 (3.90)
GED
Some college 5,000 2,662 47.39 (6.63) 2,338 41.13 (6.48)
Bachelor's degree or 3,299 1,869 32.18 (5.24) 1,430 23.85 (4.77)
higher
Family income
Less than $35,000 7,999 5,439 58.14 (5.45) 2,560 26.93 (3.26)
$35,000 or more 10,088 5,703 30.68 (2.85) 4,385 23.16 (2.69)
$35,000-$49,999 2,489 1,114 27.49 (5.38) 1,375 36.56 (8.32)
$50,000-$74,999 2,235 1,436 28.70 (4.99) 799 15.68 (3.53)
$75,000-$99,999 2,087 1,103 36.64 (8.33) 984 26.34 (6.07)
$100,000 or more 3,278 2,051 31.13 (5.20) 1,227 19.35 (4.17)
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Selected characteristic  Total Inside Home Outside Home
# (thousands) # Rate (SE) # Rate (SE)
Poverty status
Poor 3,981 2,800 69.62 (8.24) 1,181 28.59 (4.80)
Near poor 3,591 2,159 43.85 (6.95) 1,432 28.49 (5.09)
Not poor 9,856 5,727 30.81 (2.90) 4,129 22.67 (2.72)
Place of residence
Large MSA 9,090 5,779 34.51 (3.13) 3,311 19.81 (2.57)
Small MSA 6,617 3,815 39.43 (4.70) 2,802 28.78 (3.97)
Not in MSA 3,713 2,222 43.11 (5.91) 1,491 29.70 (4.74)
Region
Northeast 3,136 2,132 37.47 (6.25) 1,004 18.89 (4.90)
Midwest 4,665 2,652 39.06 (5.17) 2,013 28.31 (4.68)
South 6,975 3,899 32.99 (3.54) 3,076 26.15 (3.37)
West 4,643 3,133 43.17 (5.15) 1,510 21.14 (2.98)

Note: #s are in thousands, rates are per 100,000 population

*Estimates are considered unreliable. Data preceded by an asterisk have a relative standard error
(RSE) greater than 30% and less than or equal to 50% and should be used with caution. Data not
shown have an RSE greater than 50%.

- Quantity zero.

Data excerpted from Vital and Health Statistics, Series 10(259), December 2013 and come from
CDC/NCHS, National Health Interview Survey, 2012.

Causes of Home Injuries

Poisonings, at 43.1%, make up the largest proportion of fatal home injuries (Table
3); falls are second, at 33.9%. At 41.2%, falls also cause the largest proportion of
nonfatal home injuries. Fires and burns, at 9.3%, are the third highest cause of
fatal injuries, whereas nonfatal home injuries are more likely due to being struck
by/against, cut/pierce, or overexertion.
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Table 3. Percentage Distribution of Causes for Fatal and Non-fatal Home Injuries

Cause of Injury

Non-fatal, 1997-2001"

Fatal, 2000-20082

N=12,395,864 N=30,569

(%) (%)
Fall 41.2 33.9
Struck By/Against 11.8 1.0
Cut/Pierce 11.3 0.2
Overexertion 10.2 0.0
Poisoning 5.9 43.1
Natural/Environmental 4.7 1.6
Miscellaneous/Not elsewhere 4.5 0.9
Unspecified 3.8 0.8
Fire/Burn 21 9.3
Pedal Cyclist, Other 1.4 n/a
Transport, Other 1.1 n/a
Machinery 1.0 0.4
Motor Vehicle 0.7 n/a
Pedestrian, Other 0.2 n/a
Choking/Suffocation 0.1 5.0
Firearm 0.1 1.1
Near-Drowning/Submersion <0.1 2.7
Total 100.0 100.0

' State of Home Safety, 2004 2Mack et al, 2013

Prevention of Home Injuries

In the next sections, we briefly describe the epidemiology of specific injury
causes: sleep-related deaths in infants, fires and burns, falls in children, falls in
older adults, and poisoning. We also summarize the evidence supporting

selected prevention strategies for each of these causes. Table 4 lists

the

prevention strategy, whether the outcomes evaluated are injuries or safety
behaviors, and the strength of the evidence according to the definitions presented
previously (strong evidence, promising evidence, recommended practice).
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Table 4. Prevention strategies for home injuries by type of injury, outcomes studied, and level of

evidence

Prevention strategies

Outcomes studied?
(%)

Level of Evidence

Safe sleep
National Back to Sleep Campaign
Crib distribution program

Parent/caregiver education

Poisoning

Fires and burns

Working smoke alarms

Smoke alarm installation and education programs
Residential sprinkler technology

Sprinkler mandates for new home construction
Reduced ignition propensity cigarettes

Fire escape planning interventions

Interventions for safe storage of matches

Child-resistant cigarette lighters
Interventions for safe hot water temperature

Interventions for keeping hot drinks and foods out of
reach

Falls (children)

Mandated redesign of baby walkers
Reduction of baby walker possession and use
Stair gate education and distribution

Window guard mandates

Falls (older adults)

Medication review

Strength and balance exercise programs
Home modification

Yearly vision screening

Multicomponent interventions

Poisoning (children)

Safe storage of medication away from children
Child-resistant and sublethal dose packaging
Poison control centers

Poisoning (adults)

Injury
Behavior

Behavior
Behavior

Injury
Behavior
Injury
Behavior
Injury
Behavior
Behavior

Injury
Behavior
Behavior

Injury
Behavior
Behavior

Injury

Falls
Falls
Falls
Falls
Falls

Behavior
Injury
Injury

Safe storage, use, and disposal of opioid pain relievers Behavior

Control of supply and dispensing of opioid pain
relievers

Carbon monoxide alarms

Injury

Behavior

Promising

Recommended
practice

Promising
Promising

Strong
Strong
Strong
Promising
Promising
Strong

Recommended
practice

Promising
Strong

Recommended
practice

Promising
Strong
Strong
Strong

Strong
Strong
Strong
Promising
Strong

Strong
Strong
Strong

Recommended
Promising

Recommended

@Qutcomes studied were classified as the reduction of injury or falls, or improved injury risk behavior.
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Sleep Related Deaths in Infants

Who is at risk, and how do these injuries occur?

Sleep-related deaths, for the purpose of this section, include sudden unexpected
infant death (SUID), accidental suffocation and strangulation in bed (ASSB),
sudden infant death syndrome (SIDS), and other unknown causes. Protocols for
distinguishing among these deaths are improving; the resulting diagnostic shift
may explain the recent decrease in SIDS and the increase in ASSB (86).
Unfortunately, strict adherence to classification definitions is not yet universal.
Therefore, this section has been framed as sleep-related deaths and not just
suffocation.

Sleep-related deaths are higher in nonwhites compared with whites. According
to the most recent data, 3,610 SUID occurred in 2010, 15% of all deaths in
children younger than one year of age (44). Compared with non-Hispanic whites
(0.94 per 100,000 live births), American Indian/Alaska Natives (2.14 per 100,000
live births) and non-Hispanic blacks (1.92 per 100,000 live births) have higher
mortality rates (44). The high-risk age group is infants three months and younger
(15, 107, 111). Modifiable risk factors include parental smoking (76), maternal
alcohol and drug consumption (18), low birth weight or premature birth (79),
sleeping in an adult bed (15,75, 105, 107, 109), soft or excess bedding
(87, 98, 105), bed sharing (especially on a couch) (121), and non-supine sleep
position (51, 74).

In the search to understand the cause of SIDS and other sleep-related deaths,
Filiano & Kinney (50) offer the “triple risk model,” which posits that death results
when risk factors converge from three areas: a vulnerable infant (e.g., premature
or low birth weight), outside stressors (e.g., prone sleep position), and a critical
development period (e.g., 1-4 months). The exact mechanisms that lead to
respiratory and cardiac distress and ultimately death are not yet fully understood.
However, the model suggests that interrupting or removing any of the modifiable
risk factor areas could be protective of infants during sleep.

Prevention Strategies — Sleep Related Deaths

National sleep campaign (promising evidence).

The American Academy of Pediatrics (AAP) first linked sleep position and infant
death in 1992 (122). Owing to the strength of the research demonstrating this
association, the AAP and the National Institute of Child Health and Human
Development, along with other partners, initiated the Back to Sleep campaign in
1994 (http://www.nichd.nih.gov.ezp.welch.jhmi.edu/sts/campaign/moments/
Pages/default.aspx). Annual surveys of infant care practices were used to
monitor the impact of the campaign; they found that between 1992 and 2001
supine sleep position increased from 13% to 72%, and SIDS rates declined 53%.
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Since then, rates of supine sleep position seem to have plateaued (123). The
Academy strengthened recommendations in 2005 and 2011 to further emphasize
supine sleep position and other environmental factors to protect against sleep-
related deaths, such as room sharing but not bed sharing; ensuring a firm sleep
surface that is free of soft objects; and avoiding alcohol, illicit drugs, and smoke
(122). How best to translate and to disseminate these recommendations so that
all babies benefit from safe sleep practices has been studied, albeit not through
any randomized controlled trials (RCTs) that we could identify. Results from other
types of studies are categorized in Table 4 and described below.

Crib distribution programs (recommended practice).

Level A Recommendations for Safe Infant Sleeping by
the American Academy of Pediatrics
Task Force on Sudden Infant Death Syndrome
Full Report Available at:
http://pediatrics.aappublications.org/content/128/5/e134
1.full

1. Back to sleep for every sleep

2. Use firm sleep surface

3. Room-sharing without bed sharing is recommended

4. Keep soft objects and loose bedding out of the crib

5. Pregnant women should receive regular prenatal
care

6. Avoid smoke exposure to during pregnancy and
after birth

7. Avoid alcohol and illicit drugs during pregnancy and
after birth

8. Breastfeeding is recommended

9. Consider offering a pacifier at nap time and
bedtime

10. Avoid overheating infant

11. Do not use home cardiorespiratory monitors as
strategy to reduce SIDS

12. Expand the national campaign to reduce the
risk of SIDS to include a major focus on the safe
sleep environment and ways to reduce the risks of
all sleep-related infant deaths, including SIDS,
suffocation, and other accidental deaths;

nadiatriniane familhs nhiweciniane and Athar nrimang

A review of the literature revealed no examples of evaluated crib distribution
programs despite the existence of various programs across the country. Medical
societies, government agencies, and safety advocate organizations encourage
the use of cribs that meet the newest safety standards (39) or other approved
sleep spaces, such as bassinets, playpens, portable cribs, or play yards. Having
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a safe crib is necessary but insufficient to ensure safe sleep practices: Li (75)
reported that a crib was found in homes of 90% of infants who died in Maryland
while co-sleeping; Brixey (15) found a crib in the home of more than half (55%)
of all infant suffocation deaths.

Parent/caregiver education (promising evidence).

A review of the literature revealed one RCT to test the best methods for educating
parents of newborns about safe sleep. Goetter & Stepans (59) found that using
a single nurse educator to review safe sleep education systematically with first-
time mothers during the postpartum recovery period compared with usual (non-
standardized) discharge instructions resulted in significantly higher rates of
reported supine sleeping during the first week after discharge but no difference
6—7 weeks postpartum. In a quasi-experimental evaluation of a 15-min health
educator-led session on safe sleep practices for groups of 3-10 parents
attending a Women, Infants and Children clinic, Moon et al. (88) found pre- to
posttest improvements in self-reported safe sleep behaviors and knowledge
immediately after the session and at six months, when compared with an
untreated comparison group, although there was substantial attrition. Using a
historical control group, Colson & Joslin (32) found that training nursing staff to
deliver safe sleep education prior to discharge resulted in significant increases in
reported safe sleep behaviors at the time of the infant's two-week pediatric visit.

Health care settings model safe sleep (promising evidence).

We found two studies that used quality-improvement strategies to enhance safe
sleep practices in the hospital setting, one that involved seven hospitals in
Michigan (110) and another that focused on a neonatal intensive care unit in
Texas (54). Both used nurse in-service trainings, crib audit forms, and parent
surveys to measure change, and both found some significant improvements in
safe sleep of the infants in the hospital setting.

Fire and Burn Injuries - Who is at risk and how do these injuries occur?

Who Is at Risk, and How Do These Injuries Occur?

Home fire deaths were at their peak in 1978 with 6,015 deaths, but since 2001
they have ranged between 2,380 and 3,200 (67). Despite the decline, in 2012 a
death occurred every 221 minutes and an injury every 41 minutes owing to a fire
in the home (67). Various other non-fire events also lead to burn-related death
and injury in the home, including contact with electricity, scalding liquids, or hot
surfaces. Fire and burn deaths are usually combined because deaths from burns
in fires cannot always be distinguished from deaths from toxic smoke or other
nonburn causes (1). Injury results either from respiratory distress or thermal injury
to the skin. During a house fire, noxious gases—most notably CO—are released
and reduce available oxygen levels, either by consuming the oxygen or by
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displacing it with these toxicants (93). Thermal injury to the skin, a burn, results
when an external heat source raises the temperature of the skin and causes
either tissue cell death or charring (68).

Injury and deaths from house fires vary by sex, race, and age. Males compared
with females face increased risk: 29% higher risk of death and 16% higher risk of
injury. Black individuals compared with whites and Hispanics are at higher risk
for home fire deaths. The risk of death is highest among the very old and the very
young. Compared with the general population average, children younger than 5
years old are ~1.5 times more likely to die from a residential fire; adults 75 years
and older are 3 times more likely; and those 85 years and older are 3.5 times
more likely (52). Burns caused by cooking are 50% more likely to occur among
young adults ages 20-24 compared with the general population average for all
ages (52).

Fire and burn injuries appear to be overrepresented among communities with low
education, poverty, and high unemployment. Those who live in older homes (63)
and rental properties are at an increased risk for fire and burn injuries (112).
Manufactured homes, most especially single detached mobile homes, have been
linked to higher fire death rates than other types of one- and two-story family
homes (91). Those who live in the Midwest and the South face the highest
regional home fire death rates; rural communities compared with suburban and
urban areas also have increased risk (52).

Smoking causes most home fire fatalities, and cooking is responsible for the most
home fires (3). Other common fire and burn causes are matches and lighters
(72, 117), faulty electrical equipment (52), candles, stoves and microwave ovens,
wood burning stoves, and fireplaces (47). One study found that kitchen-related
items and household electrical appliances combined were responsible for 54% of
all burn-related injuries to individuals ages 0—20 (41). Both children and adults
have been burned by hot grease from cooking (49) and from soup (96). Water
and other liquids that reach temperatures above 125°F can produce a serious
burn in less than two minutes; thus setting water heater thermostats to
temperatures at or below 120°F is important (113). Other causes of burns to
children and adults in the home include friction burns from treadmills (31, 78) and
hair curling irons (35). Among older adults with home burn injuries, most occurred
in the kitchen or bathroom (43).

Prevention Strategies

Working smoke alarms and installation/education programs (strong evidence).

Working, residential smoke alarms are a cost-effective way to reduce fire-related
injury, and door-to-door distribution programs are an effective way to get them
into homes (45, 97, 120, 126). Kendrick and colleagues' (71) review of home
safety education and provision of safety products found 17 studies that promoted
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smoke alarm use among 5,107 participants. Across the studies, families who
received interventions compared with controls were significantly more likely to
possess a working smoke alarm [odds ratio (OR) 1.81, 95% confidence interval
(Cl) 1.30-2.52], and the effect size was generally larger when smoke alarms were
provided. The Centers for Disease Control and Prevention (CDC)-sponsored
Smoke Alarm Installation and Fire Safety Education program recommends the
installation of lithium-battery smoke alarms with a hush feature for high-risk
households (6, 64). DiGuiseppi and colleagues (46) found that families who had
their smoke alarm directly installed were much more likely to have a functioning
alarm six months later as compared with families who received a voucher for a
free smoke alarm. More recently, Gielen and colleagues reported higher rates of
participation in a fire department home-visiting program when community health
workers provided advanced notice to residents about the upcoming visits (56).

Residential sprinkler technology (strong evidence) and sprinkler mandates for
new home construction (promising evidence).

Data have shown that sprinklers reduce fire fatalities by 100% and property
damage by 72% (17). The International Residential Code includes a provision for
requiring sprinklers in new one- and two-family homes, although some states
have adopted laws excluding this provision. Research is still needed to better
understand ways to facilitate adoption of residential sprinkler policies across the
United States, as well as to encourage retrofitting in existing homes.

Reduced ignition propensity cigarettes (RIPC) (promising evidence).

All 50 states have adopted laws requiring all cigarettes sold in their state to be
RIPC, known more commonly as fire-safe cigarettes. New York, whose law was
effective June 2004, reported experiencing a 35% reduction in fire deaths in the
first year the law was enacted. Although it may take a decade to see the full
benefits of the legislation on fire-related deaths, one published evaluation
demonstrated a 28% reduction in house fires but no statistically significant
reduction in injuries (4).

Fire escape planning interventions (strong evidence).

Despite recommendations to develop and practice residential fire escape plans
so that all household members will know how to react in a house fire, only 52%
of homes report having a fire escape plan, and only 16% of them report practicing
it every 6 months (7). Remembering When is a program developed by the CDC
and the National Fire Protection Association (NFPA) for older adult home safety;
two of their eight key fire prevention messages relate to fire escape planning,
including developing the plan around the abilities of the older adult and practicing
it (94). Kendrick et al.'s 2012 meta-analysis of home safety education and
provision of safety equipment included four studies that promoted fire escape
plans, and it found that the interventions were successful in increasing the
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proportion of families with such plans (OR 2.01, 95% CI1 1.45-2.77) (71). Although
these studies demonstrate changes in behavioral outcomes, we could find no
studies of the impact of fire escape planning on injury or death in the event of a
fire.

Interventions for safe storage of matches (recommended practice).

Using a combination of self-reported and observed definitions of “storing matches
out of reach,” six studies were included in Kendrick et al.'s meta-analysis of home
safety interventions (71). Analysis revealed a lack of evidence that home safety
interventions were effective in achieving this outcome.

Child-resistant cigarette lighters (promising evidence).

The Consumer Product Safety Commission (CPSC) safety standard requires that
cigarette lighters be inoperable by children younger than age 5; this standard,
when applied to national fire loss data, was credited with preventing an estimated
3,300 fires, 100 deaths, 660 injuries, and $52.5 million in property loss in 1998
(117).

Interventions for safe hot water temperatures (strong evidence).

According to Kendrick et al.'s 2012 meta-analysis (7 1), 16 studies included a safe
hot water focus with 3,727 subjects. Although the studies varied in terms of study
setting, definition of safe temperature, distribution of thermometers to test water,
and follow-up period, families in the home safety intervention arms were
significantly more likely to have safe hot water temperatures (OR 1.41, 95% ClI
1.07-1.86). Whether having the temperature set at 49°C/120°F can effectively
reduce scald burns is an open question, and recent data from home observations
found substantial discrepancies between the thermostat settings and the actual
tap water temperatures (113).

Interventions for keeping hot drinks and food out of reach of children
(recommended practice).

The six studies on this topic in Kendrick et al.'s review (71) defined “keeping hot
food and drinks out of reach” differently, and no statistically significant differences
were found between families in the intervention and those in the control groups.

Falls - Who is at risk and how do these injuries happen?

Who Is at Risk and How Do These Injuries Happen?

A fall is an event that results in a person coming to rest inadvertently on the
ground or on the floor or other low level. Falls can occur on the same level, for
example, when an older adult trips or loses his/her balance, and falls can occur
from one level to another, for example when a child falls from a window, down
the stairs, or off furniture (81, 129). When these events result in the need to seek
medical care or are fatal, they are coded as fall injuries. The degree to which an
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injury results from a fall depends on many factors, most importantly the distance
of the fall and the landing surface (9). Shorter distances and more energy-
absorbing surfaces typically result in less severe injury. Individual differences in
anatomy also affect fall injuries. Bone structure and fat composition affect injury
severity and depend in part on the individual's age. For instance, an infant's head
is proportionally larger relative to his body than is an adult's, and his bones are
still soft. These contribute to making an infant particularly susceptible both to
falling over and to suffering head injury as a result (27, 33, 132).

Falls are a leading cause of unintentional morbidity and mortality in the United
States (25). Most unintentional fall deaths occur in homes (102). Of all home-
related injuries, falls are a leading cause of emergency department visits; children
under 18 and adults over 65 are at increased risk (101). Because of the different
etiologies and intervention strategies for falls in children and older adults, we
examine each age group separately.

Falls in children.

Unintentional falls are the number one cause of nonfatal injury for children (23).
Most serious falls happen at home (12). In 2010, 127 children in the United States
died from a fall-related injury. Boys are at an increased risk for both fatal and
nonfatal falls (23). Children of low socioeconomic status and ethnic minorities are
at increased risk (12). Falls are also a significant cause of morbidity in children.
In 2011, falls accounted for 2.8 million pediatric emergency room visits (23).
Children's age, size, and stage of development are all associated with risk.
Children under age 4 account for 39% of all fall-related injuries in children (23).
Falls down stairs are a significant contributor to falls in the home. Some of the
most dangerous falls down stairs involve baby walkers (116). Though less
common, falls from windows are particularly dangerous owing to the height of the
fall. More than 3,000 children fall from windows annually in the United States (40).
Window falls occur more frequently in large urban areas and low-income
neighborhoods (33, 119). Another contributor to fall-related injuries in the home
is falls from furniture, which result from infants rolling over or older children
climbing. Currently, no prevention strategy has been evaluated to reduce the
incidence of these injuries, and adequate caregiver supervision is recommended.

Falls in older adults.

Falls are a leading cause of morbidity and mortality for older adults (20). Each
year ~2.3 million older adults are treated in the hospital for a fall. In 2010, 21,000
older adults died as the result of a fall (25). Beyond the risk of morbidity and
mortality, falls are the leading contributor to loss of independence in older adults.
Fears of falling and of losing independence contribute to decreased mobility and
physical activity in older adults, which in turn increase the risk of falls (13, 106).
Falls among older adults are an expensive contributor to health care costs. Using
data from falls in 2010, direct medical costs were estimated to total $0.2 billion
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for fatal injuries and $19 billion for nonfatal injuries (20). Multiple factors contribute
to older adult fall risks, including tripping hazards within the home, lack of grab
bars in the bathroom, use of medications that can cause dizziness or
hypotension, and diminished eyesight and physical strength. The interaction of
these risk factors is thought to contribute to an older adult's risk of falling (58, 90).

Prevention Strategies: Children

Mandated redesign of baby walkers (promising evidence).

The CPSC has taken the lead to reduce the risk of falls associated with baby
walkers by issuing regulations mandating the redesign of the product. The
voluntary standard is credited with an 88% reduction in baby walker—associated
falls between 1994 and 2008 (38).

Reducing baby walker possession and use (strong evidence).

A cluster RCT involving 64 general practices and 1,174 expectant mothers in the
United Kingdom sought to evaluate the effectiveness of an educational package
in reducing baby walker possession and use. The intervention significantly
reduced both possession and use of baby walkers and positively influenced
knowledge and attitudes about them (70).

Stair gate education and distribution (strong evidence).

Home safety interventions have proven effective at increasing the use of fitted
stair gates in homes, which are a recommended practice; the pooled result of 12
studies showed that families participating in home safety observations were 61%
more likely to use stair gates than were nonparticipating families (71). These
educational interventions have been most effective when combined with a
physician recommendation and access to the product through a clinic-based
safety center (28). No studies of the impact of increasing the use of stair gates in
populations on injury rates were found.

Window guard mandates (strong evidence).

Mandating the use of window guards is an example of an effective policy
intervention to reduce falls from windows. In response to injury incidence data,
the New York City Board of Health passed a law requiring property owners of
multiple-story buildings to provide window guards for all dwellings with children
under 10 years of age. This effort resulted in a 96% reduction in hospital
admissions for falls from windows (99). Window guards are recommended for
windows on the first floor over 12 feet high and on all windows above the first
story.
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Prevention Strategies: Older Adults

Medication review (strong evidence).

Medication review by a physician or pharmacist is recommended to minimize
interactions of both prescription and over-the-counter medication that may
contribute to falls by causing dizziness or changes in blood pressure. Reductions
in the rate of falls have been demonstrated with particular attention to
psychotropic medication and prescription modification programs (90).

Strength and balance exercise programs (strong evidence).

Exercises, such as multiple-component group exercise (16 trials; 3,622
participants) and home exercise (7 trials; 951 participants), significantly reduced
the rate of falls. Strength and balance training, particularly tai chi, has been
effective in decreasing falls in older adults (6 trials; 1,625 participants). It is
important that programs focus on increasing leg strength and that programs are
made more challenging over time (58, 90).

Home modification (strong evidence).

Home safety assessment and modification interventions to reduce trip hazards
and to install grab bars in bathrooms are recommended and have reduced both
the risk (7 trials; 4,051 participants) and rate of falling (6 trials; 4,208 participants)
(58).

Yearly vision screening (promising evidence).

Vision screening is recommended yearly to maximize vision with particular
attention to wearers of multifocal glasses and those in need of cataract surgery
(58). The provision of new glasses (single lens distance glasses) for older adults
showed a significant reduction of falls among the more physically active subgroup
of the intervention group (61).

Multicomponent interventions (strong evidence).

Comprehensive interventions incorporating multiple prevention strategies are
perhaps the most promising, compared with interventions that focus on only a
single strategy. A systematic review examined the effects of multiple interventions
to prevent falls in older adults (60) and found that multicomponent interventions
that were not tailored to individual risk factors were effective at reducing both the
number of people who fell (pooled rate ratio = 0.85, 95% CI 0.80-0.91) as well
as their rate of falls (pooled rate ratio = 0.80, 95% CI 0.72-0.89). This review
presented the results of 17 trials with 5,034 participants.
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Poisoning - Who is at risk and how do these injuries happen?

Who Is at Risk, and How Do These Injuries Happen?

A poison exposure is defined as an ingestion of or contact with a substance that
can produce toxic effects (21). In the absence of any universally agreed on
definition of a poisoning from either a clinical or epidemiological perspective (34),
we define a poisoning as the result of “either a brief or long-term exposure to a
chemical agent” that results in physical harm (21). Physical harm can range in
severity from mild to fatal, and the physical effects of nonfatal injuries caused by
poisonings can be temporary in nature or can result in lifelong disability. The
sources of poisonings differ by age group, and here we address common
poisonings in children and adults, as well as CO poisoning, which can affect all
members of a household.

Among children, 90% of the poisoning exposures occur in the home (22). More
than half of all calls to poison control centers are for children younger than six
years old (16). Children account for the highest rates of nonfatal poisonings owing
to their high exposure to common household products such as personal care
products, household cleaners, pesticides, and medications (16). The most
common household product associated with a potentially toxic exposure is
bleach, and the most common method of exposure is a spray bottle (82). In
addition, 150 pesticides that may be used in the home were implicated in calls to
poison control centers in a 2-year period (118). Forty percent of pediatric calls to
poison control centers resulted from children's exposure to medications (16), and
one study found that medications were involved in almost 60% of pediatric
emergency department visits for a poisoning exposure (53). In another study of
children younger than 2 years old, the most common types of medications
responsible for fatal poisonings were prescription medications for asthma, heart
disease, and psychiatric problems (8).

Unintentional poisonings, mostly due to prescription drug overdose, have been
rising steadily, and in 2010 they were the leading cause of injury death in the
United States for adults ages 25-64 (24). In 2011, 1.4 million adult emergency
room visits were attributed to prescription pain medication misuse and abuse
(104). Prescription drugs were associated with more than 22,000 overdose
deaths in 2010, 75% of deaths involved opioid pain relievers, and 30% involved
benzodiazepines (66). People who died of overdose often had a combination of
opioid pain relievers and benzodiazepines in their bodies. The annual cost of
prescription medication abuse is estimated at $57 billion, which includes costs
associated with loss of work productivity, criminal justice costs, and health care
costs (10).

CO is a colorless, odorless gas produced from the incomplete combustion of
carbon-containing substances. In addition to being present during house fires,
common sources of CO include wood-burning or gas fireplaces that are
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improperly vented, car exhaust, and malfunctioning furnaces, gas space heaters,
and stoves (134). CO exposure has also occurred during periods of power failure
when people use generators that are not properly ventilated. CO is absorbed
through the lungs and displaces oxygen in the body. Depending on the amount
and duration of exposure to CO, symptoms can range from headache and
dizziness to convulsions, loss of consciousness, and, in severe cases, loss of life.
Annually, CO exposure results in 400 deaths, 20,000 emergency room visits, and
more than 4,000 hospitalizations. Fatality is highest among adults 65 and older
(19).

Prevention Strategies: Children

Safe storage of medications away from children (strong evidence).

Childproof locks can be installed on cabinets or drawers, or families can use a
lock box. Home safety interventions have been effective at increasing the correct
storage of household products and medications. A systematic review showed that
families participating in home safety interventions were 53% more likely to store
medicines safely (13 studies) and 55% more likely to store cleaning products
safely (15 studies) than were nonparticipating families (71). We could find no
studies demonstrating the relationship between safe storage practices and
reduced rates of poisoning or exposures.

Child-resistant packaging and sublethal dose packaging (strong evidence).

The United States Poison Prevention Packaging Act of 1970 required certain
household chemicals and medicines to be packaged in a way that is difficult for
children under age 5 to open. Although this legislation was originally limited to
aspirin, other prescription medicines, over-the-counter drug products, and
household chemicals have been added over time (11,124, 36, 37, 128).
Utilization of childproof caps on medications has resulted in a decrease in
pediatric medication ingestions (83). Limiting the number of tablets per bottle to
a nonlethal dose, when combined with improved packaging and education, was
successful in reducing deaths from baby aspirin (30).

Poison control centers (strong evidence).

In the United States, poison control center staff are available 24 hours per day at
an emergency hotline to dispense information and treatment advice. Poison
control centers have effectively reduced medical utilization costs due to
poisonings (73). Recognizing the importance of poison control centers, the
Institute of Medicine (IOM) outlined 12 specific recommendations to improve the
system, including that all poison control centers should perform a core set of
functions, be better integrated into the public health system, and be supported by
sufficient and stable funding to fulfill their mission (34). Miller & Lestina (85)
conducted a cost-benefit analysis showing that the average public call to a
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poison control center prevented $175 in other medical spending. Overall, data
have indicated that the poison control system saves more than $1.8 billion per
year in the United States, reducing costs by avoiding medical utilization, reducing
the lengths of hospital stays, and reducing work-loss days (73). Caregivers
should be educated about poison control centers so they know what to do in the
event of an accidental poisoning. Kelly and colleagues (69) created a nine-minute
videotape (available in both English and Spanish) that improved the knowledge,
attitudes, behaviors, and behavioral intentions regarding the use of poison control
centers.

Prevention Strategies: Adults

Safe storage, use, and disposal (recommended practice).

Increasing attention is being paid to adults' use of opioid pain relievers (OPRs)
for the reasons described above. The CDC recommends that patients who are
prescribed OPRs be counseled against sharing medications, about proper
storage and disposal, and about compliance with use according to the prescribing
physician's instructions (22). A nonrandomized pilot intervention demonstrated
promising results at improving knowledge around storage and disposal as well as
self-reported misuse behaviors at one-month follow-up (80).

Controlling the supply and dispensing of opioid pain relievers (promising
evidence).

Numerous efforts are under way to control the supply of OPRs and improve
physicians' prescribing practices (78, 125, 131). One major initiative undertaken
to tackle the supply of OPRs is the state-level prescription drug monitoring
program (PDMP), now in effect in nearly every US state. Preliminary evaluations
are under way in several states. Early evaluations demonstrate that these
programs have been effective at reducing the diversion of controlled substances
(29, 42, 89, 133). For example, policy changes in Florida from 2010 to 2012,
which resulted in the shutdown of pain clinics and prescribing dispensers
statewide, resulted in a significant decrease in deaths resulting from prescription
drug overdoses (65). In addition, PDMPs have been credited with improving
clinical decision making by providing clinicians with timely information about their
patients (5, 48). Other efforts using a computerized decision support system have
successfully improved prescribing practices by making patient-specific guidance-
based recommendations available in real time during a clinic visit (125).

Carbon monoxide alarms (recommended practice).

CO alarms are designed to provide an early warning alerting occupants to when
CO accumulates in a home. CO alarms are recommended on each level where
people sleep and have been mandated by legislation in some jurisdictions (93).
Proper maintenance of potential sources of CO in the home is the best way to
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avoid CO exposure (93). Proper maintenance includes routine servicing of
appliances and ensuring that CO-producing appliances are properly vented.
Although no formal evaluations have been completed on the effects of CO alarm
distribution programs on health, we know that CO alarms provide the only
possible protection from a CO leak in a home. We found no studies that explored
the most effective strategies to increase the use of CO alarms in homes.

CONCLUSION

We have demonstrated the extent to which injuries that occur in the home
continue to be a significant public health problem across the life span, with
particular importance to young children and older adults. Home injury
surveillance, intervention development, and evaluation are still hampered by
insufficient data. Better data would allow for more in-depth understanding of the
myriad factors that contribute to home injuries and better ability to prioritize the
development and delivery of evidence-based solutions to the populations that
need them.

Even in the absence of adequate surveillance data, research has identified
numerous preventive strategies: for instance, supine sleeping for infants, working
smoke alarms, residential sprinkler technology, reduced ignition propensity
cigarettes, child-resistant packaging of cigarette lighters and medications, fall
prevention programs for older adults. A remaining challenge is to ensure more
widespread adoption of proven effective strategies. We need to find effective
ways to reach those who do not have access to or do not fully embrace the
behavior changes required to utilize the behaviorally focused prevention
strategies. Doing so will require putting in place programs that effectively deliver
safety products and safety information using evidence-based approaches to
health promotion programming (57, 115). We also need to identify effective
strategies to increase uptake of the technological and policy strategies that have
shown promise (e.g., residential sprinklers and mandates). Public health and
injury prevention professionals will need to work with new partners (e.g., home
builders and code developers) and learn new advocacy and policy development
skills. As this review shows, another challenge is the variability in the outcomes
that have been assessed across the various prevention strategies. In some
cases, we still need evidence beyond how to change safety behaviors to
demonstrate impacts on injuries (e.g., fire escape planning), and in other cases,
we need to find effective strategies to increase adoption of proven prevention
strategies (e.g., window guards).

The current interest in public health circles in the role of housing in health offers
unparalleled opportunities for injury prevention professionals who are concerned
with home injuries. Collaborating with our environmental health and healthy
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Chapter 10

housing colleagues is one important approach to reducing home injuries. Their
access to homes and ability to influence housing policy can play significant roles
in reducing home injuries. Sharing the science of injury prevention (114) with the
wide array of professionals who create home environments and who interact with
people in their homes (e.g., architects, home builders, home visiting programs,
fire and emergency medical service providers) could be a useful approach. As
originally recommended in 2004 (100), we believe there continues to be an urgent
need for multiple organizations committing to a collaborative national effort to
reduce the burden of home injuries in the United States.
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Child Housing Assessment for a Safe
Environment (CHASE):

a new tool for injury prevention
inside the home

Shields WC, Gielen AC, McDonald EM, Frattaroli S, Bishai D, van Beeck EF;
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ABSTRACT

Objective: To develop a tool to assess the safety of the home environment that
could produce valid measures of a child’s risk of suffering an injury.

Methods

Tool Development

A four-step process was utilized to develop the CHASE tool, including: 1) a
literature scan 2) reviewing of existing housing inspection tools 3) key informants
interviews 4) reviewing the National Electronic Injury Surveillance System to
determine the leading housing elements associated with pediatric injury.

Retrospective Case Control Study to Validate CHASE Tool

Recruitment included case (injured) and control (sick but not injured) children and
their families from a large, urban pediatric emergency department (PED) in
Baltimore, Maryland in 2012. Trained inspectors applied both the well-known
Home Quality Score (HQS) and the CHASE tool to each enrollee’s home and we
compared scores on individual and summary items between cases and controls.

Results

Twenty-five items organized around twelve subdomains were included on the
CHASE tool. 71 matched pairs were enrolled and included in the analytic sample.
Comparisons between cases and controls revealed statistically significant
differences in scores on individual items of the CHASE tool as well as on the
overall score with the cases systematically having worse scores. No differences
were found between groups on the HQS measures.

Conclusion

Programs conducting housing inspections in the homes of children should
consider including the CHASE Tool as part of their inspection measures. Future
study of the CHASE Inspection tool in a prospective trial would help assess its
efficacy in preventing injuries and reducing medical costs.
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INTRODUCTION

Children experience injuries in their home environments at unacceptably high
rates: an average of 1,870 children younger than 15 die in a home injury annually
in the United States.” An additional estimated 2.8 million children younger than
12 experience non-fatal home injuries every year. For every death, there are
almost 1,600 nonfatal home injuries.? The World Health Organization recognizes
unintentional injuries as a leading cause of death to children and identify their
reduction as a priority. 3 The poor and certain minority populations are
disproportionately affected by home injuries, though racial disparities seen in
injury rates most likely have more to do with living in unhealthy environments and
a host of social disparities rather than race or ethnicity.4¢ Housing conditions in
low-income neighborhoods (e.g., poor-quality structures, faulty electrical wiring)
likely contribute to low-income families’ increased risk for home injury. %
""Residents of substandard housing are at increased risk for fire, electrical
injuries, lead poisoning, falls, rat bites, and other injuries.’?1® Several studies in
the USA, UK and Europe have found that children living in socioeconomically
disadvantaged neighborhoods are at increased risk of home injury, even after
accounting for individual-level background factors.% '.77-18 Moreover, a case-
control study in New Zealand '® measured the association between home injury
hazards and home injury. With each additional injury hazard observed in the
homes, there was a 22% increase in the odds of injury occurrence, suggesting
that addressing injury hazards in the home may be effective in reducing home
injury.

Decades of research and practice have led to an extensive body of evidence
about effective home safety modifications 292 (e.g., smoke alarms cut the risk of
death in a house fire in half).222 Studies of smoke alarm canvassing and
installation programs provide successful examples of modifying the home
environment to reduce home injury risk to children.2+2” Another widely cited
example of successfully modifying housing conditions to reduce child injury is
New York City’s “Children Can’t Fly” program?® which installed window guards on
high-rise apartments and is credited with significant reductions in morbidity and
mortality due to falls from windows. The success of the program resulted in a
legislative change that required landlords to provide window guards and further
reductions in falls from windows where achieved.?®

The benefits of home safety modifications have not reached all segments of
society. Socio-economic inequalities have been documented in the adoption and
use of specific home safety products (i.e. smoke alarms and stair gates). 7 Low-
income families face many barriers including limited access to safety products
and injury prevention information, along with the poverty-related housing
conditions described above can be significant barriers to child safety. 2932 Data
from our own observations in low income areas of East Baltimore found presence
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of at least one working smoke alarm ranged from 55% to 82%33:34, 41% of homes
had unsafe water temperatures® and only 10% of families with young children
kept any of their poisonous substances locked?®: 34, Almost all (97%) of families
in one study reported keeping their prescription medications unlocked.3®

Housing programs provide a promising opportunity to deliver evidence-based
home safety modifications. The U.S. Department of Housing and Urban
Development (HUD) is the largest provider of housing assistance in the United
States with approximately 5 million subsidized units available.3” HUD’s primary
mission is to “create strong, sustainable, inclusive communities and quality
affordable homes for all”.38 Since 1999 HUD has been transitioning from a focus
on lead hazard control to a more comprehensive approach aimed at reducing
multiple environmental hazards in homes including lead, mold, asthma and injury
risks. This transition was marked by an expansion of the name to the Office of
Healthy Homes and Lead Hazard Control. This office (still known as “HUD”)
ensures homes have acceptable indoor air quality, and do not expose occupants
to toxic chemicals, biologic contaminants, and injury hazards which are known to
affect the health and safety of residents.

Despite this understanding of the burden of injuries in the home environment and
the evidence base for reducing injury risks via modifications, the housing
inspection tools used by HUD have few items related to injury. Housing
inspections are a required component for homes to qualify as rental assistance
properties. The largest of HUD’s housing assistance programs is the Housing
Choice Voucher Program (“Section 8” housing) with 2.2 million properties 3° The
Housing Choice Voucher Program provides financial assistance in the form of a
monthly voucher to assist with the rental payments. In order to qualify for rental
assistance, properties must be deemed “decent, safe and sanitary” according to
HUD’s housing quality standards as determined by their inspection system. The
form used to guide inspections is the HOME Housing Quality Standards (HQS)
Inspection Form and trained housing inspectors are certified to complete annual
assessments.*® The 120 HQS items focus primarily on structural housing
elements and some neighborhood features, along with a few injury prevention
measures. We undertook a study to improve the HQS (and other similar housing
hazard assessment tools) to systematically identify and remediate child injury
hazards in the home, something that has not been previously reported in the peer
reviewed literature.

This paper reports on the development and utilization of the CHASE (Child
Housing Assessment for a Safer Environment) housing inspection tool designed
to reduce injury risks in the homes of children. In a small retrospective study, we
assessed the ability of the CHASE and HQS tools to discriminate between homes
that are associated with a child injury vs. not. In section one we describe the
development of the CHASE tool. In section two we describe the methods and the
results of the case control study s in a sample of low income, urban households
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with children. We tested the null hypothesis that both the new CHASE tool and
the existing HQS tool would have similar capability to distinguish homes where
there had been a recent injury vs. homes where there had not. This study was
approved by the Johns Hopkins Bloomberg School of Public Health Institutional
Review Board.

METHODS

Tool Development

We developed the CHASE tool through a four-step process: 1) a scan of the
currently available literature to determine the epidemiology and risk factors for
the leading causes of unintentional home injury and death among children; 2) a
review of existing housing inspection tools to identify items for inclusion on the
CHASE housing inspection tool; 3) phone and in-person interviews with key
informants in the healthy housing and housing inspection community to
determine how items were chosen for inclusion on their inspections tools; and 4)a
review of the housing elements in the National Electronic Injury Surveillance
System to determine the leading housing elements associated with child injury
emergency department visits and hospitalizations.?® The investigators then
developed an inspection protocol for each of the items selected for inclusion on
the CHASE tool and a training program for inspectors (data collectors). Finally,
cost estimates for each CHASE item were determined by searching online for
product prices and discussing labor costs with home maintenance professionals.

Prospective Case Control Study

Study Population

We recruited children from a large, urban pediatric emergency department (PED)
in Baltimore, Maryland. Families were enrolled between January and December
2012 if they met the following enrollment criteria: (1) child aged from birth to 7
years, (2) child had a PED visit that was not a follow-up visit, (3) child was
discharged home, (4) home address in Baltimore City or County, (5)
parent/guardian spoke English, (6) child lived with the parent/guardian most of
the time, and (7) the injury occurred in the home where the child lived most of the
time (cases). Controls met all of the above inclusion criteria except that their chief
complaint for the PED visit was for illness-related symptoms, not an injury.
Participants were matched on variables associated with injury risk including, age,
gender race, and type of housing during recruitment.
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Recruitment

We recruited parents in person in the PED or by mail or phone if the child visited
the PED during hours when study staff were not available or were discharged
before study staff approached the parent. In the PED, potentially eligible children
were identified by reviewing the PED tracking board. Parents of age-eligible
children were approached if the child presented with a chief complaint consistent
with a home injury and one of the following four injury categories: 1) fall; 2) struck
by/against; 3) fire/burn; or 4) cut/pierce or one of the following illness-related chief
complaints: 1) fever; 2) wheezing; 3) vomiting; 4) seizure; 5) ear pain; 6) difficulty
breathing; 7) cough; 8) rash; 9) abdominal pain; or 10) congestion. For parents
who were missed in the PED, potentially eligible children were identified by
reviewing patient discharge records. A child was excluded from the study if
suspicion of abuse was noted on the tracking board or in child’s medical record.

CHASE Tool Training and Inspection Protocol

Data collectors were trained to inspect and code items according to a
standardized inspection protocol for both CHASE and HQS. A field inspection
guide was developed with pictures to demonstrate the pass and fail criteria. Data
collectors completed human subjects training, standard data collection training,
and ten hours of training in conducting the home inspection protocol. Data
collectors were observed completing the inspection protocol by the research
team prior to being eligible to complete it on their own.

In-Home Data Collection Protocol

A team of two data collectors completed the home visits within one to eight weeks
following the PED visit. The home visit included an interview with the
parent/guardian who accompanied the child to the PED and an inspection of the
home with the CHASE tool. Parents were informed about the study at the time of
initial contact and written informed consent was obtained from the
parent/guardian at the time of the home visit. The inspection involved completing
both the HQS and the CHASE by observing each floor of the household, including
specifically selected rooms: kitchen, living room, (or room where the child spent
the most time), child’s bedroom, and bathroom most often used by the child. Data
collectors also looked for (and tested) smoke alarms on every floor, including
attics and basements whenever possible.
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Measures

Socio-Demographics

The in-home parent interview assessed demographic information, including
parent self-reported race and ethnicity, parent education level, and estimated
household income. We classified families as being above or below the Federal
Poverty Level (FPL) based on the reported household income and the number of
people supported with that income.

Household Characteristics

The home was classified based on parent self-report during the recruitment
process into one of four housing categories: (1) row house, town house, or
duplex, (2) detached single family home, (3) apartment in a house, (4) apartment
in a building.

Housing Inspection Measures

Data collectors were kept blinded about the case/control status of enrollee
households. When they reached the homes, they were instructed not to ask about
the child’s case/control status. Each data collector completed both HUD’s
Housing Quality Standards (HQS) inspection form,*% and the CHASE tool. A total
of 20 HUD HQS sub-domains were included. HQS subdomains cover a
comprehensive group of measures related to the adequacy and structural
integrity of the home including an inspection of the condition of windows, floors,
walls, ceiling, plumbing, stairs, cooking facilities etc. HQS subdomains also
include examination for electrical hazards, lead based paint, security risks and
smoke alarms. Exterior items (l.e. roof, gutters, chimney) from the HQS were not
included in our inspection because our focus was on in-home injuries. A total of
25 CHASE items within 12 sub-domains were also inspected. HQS and CHASE
items were coded as pass or fail based on the study protocol and the existing
HQS standards. Failing any item within a subdomain resulted in a failure on that
subdomain (e.g., failing on a book case, entertainment center hazard resulted in
failing the sub-domain “tipping hazards” on the CHASE; any broken window
resulted in failing the corresponding sub-domain “window condition” subdomain
on the HQS).

Statistical Analysis

All statistical analyses were performed using SPSS statistical software version
25. Frequency distributions were used to report on the pass/fail rate on the
CHASE and HQS. Univariate comparisons of sociodemographic characteristics
between the cases (injured) and controls (sick, not injured) were made using the
chi-square statistic for categorical variables. The primary analyses were the
comparison between the cases and controls of the CHASE sub-domain and the
HQS sub-domain score, using the average pass rate across all sub-domains.
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Children were matched on age, gender and type of housing. Matched conditional
logistic regression was performed in SPSS, which is analogous to a paired t-test.
Each estimated beta coefficient is interpreted as a standard regression estimate.
Separate models were run for the CHASE sub-domains and the HQS sub-
domains. The matched logistic regression models were adjusted by including
education level, poverty status, and rental status, such that the resulting
regression estimate accounts for these key covariates.

RESULTS

CHASE Housing Inspection Tool Development

Twenty-five items organized around twelve subdomains were included on the
CHASE tool. Pass criteria, inspection protocol, inspection recommendations,
supporting literature and cost estimates were provided for each CHASE item.
Consistent with the organization of the HQS, the CHASE items were similarly
organized around the sub-domains of different injury causes: household water
temperature (1 item), bathroom fall hazards (2 items), fire escape (3 items),
electrical safety concerns (4 items), electrical tripping hazards (1 item), protruding
nails (1 item), tipping hazards (5 items), carbon monoxide alarms (1 item), poison
storage (2 items), interior stair safety (2 items), window fall safety (2 items), and
smoke alarms (1 item). (see supplemental file)

Sample

A total of 1023 families were invited to participate in the study; 176 families were
enrolled and completed the home visit. Of the non-participants, 97 were screened
eligible but did not complete the home visit, 162 were ineligible, 191 refused
screening, and 397 were never reached. Among the 176 families enrolled, 71
matched pairs were identified for inclusion in the analytic sample; 34 families (2
cases, 32 controls) were not included because a suitable match was not
identified. Children included in the analytic sample were predominately African
American (82.9%) boys (60.6%), with a mean age of 2.5 years. The majority of
parents/guardians were unmarried (64.3%), women (93%), with a high school
education or greater (74.6%), lived above the federal poverty level (55.6%), in
rented (81%) row houses (78.2%). No significant differences were found between
the cases and controls on demographic factors. (see Table 1)
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Table 1. Demographics

Variable Non Injured Group (N=71) Injury Group
(N=71)
Child Age (years) Mean SD Mean SD
2.54 1.75 2.51 1.69
Frequency Percent Frequency Percent
Child Gender
Boy 43 60.6% 43 60.6%
Girl 28 39.4% 28 39.4%
Respondent Education
Less than high school 12 16.9% 23 32.4%
High school graduate 24 33.8% 15 21.1%
More than high school 34 47.9% 33 46.5%
Poverty
Yes 29 40.8% 36 50.7%
Rental Status
Rent 56 78.8% 59 83.1%
Own/Pay Mortgage 13 18.3% 12 16.9%
Marital Status
Single 49 69.0% 41 57.7%
Married 20 28.2% 30 423
Race
AA 59 83.1% 57 80.3%
Other 10 14.1% 14 19.7%

Note. No significant differences were found between demographic variables among the injured and
sick groups.

CHASE Tool

Individual item pass rates varied greatly across CHASE items, from 0% having
medication locked and 13% having window guards to 88% being free of furniture
crowding and 87% having proper exits. The majority of households had safe
water temperatures (54%), and CO alarms (68%). However, most households
also had failure rates greater than 50% for bathroom fall hazards (89%), furniture
and TV tipping hazards (99%), lack of a secure place to store medications and
household poisons (100%), issues with stair safety (80%), window fall risks
(85%), and window choking hazards (61%). The overall percent of subdomains
passed was 54% for cases, 59% for controls. (See Table 2)
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Table 2. CHASE Sub-Domain total and individual variables

Controls (Sick) Cases (Injured) Total

CHASE Sub-Domain (CSD)Frequency % pass Frequency % pass p-value Frequency %
pass

CSD 1.1: fire hazard 64 90.1 65 91.5 0.419 129 90.8
CSD 1.2: breaker 43 60.6 52 73.2 0.903 95 66.9
SD 1.3 overload 54 76.1 41 57.7 0.039 95 66.90
CSD 1.4: UL or FM 44 62.0 51 71.8 0.427 95 66.9
CSD 2.1: Emergency exits 64 90.1 59 83.1 0.584 123 86.6
CSD 3.1: Window Blind 37 52.1 19 26.8 0.057 56 39.4
Cord
CSD 3.2: Window Guard 8 11.3 11 15.5 0.612 19 134
CSD 4.1: Protruding Nail 41 57.7 32 45.1 0.107 73 51.5
CSD 5.1: Bookcase tip 49 69.0 47 66.2 0.494 96 67.6
CSD 5.2: Entertain center 45 63.4 44 62.0 0.104 89 62.7
Tip
CSD 5.3: Flat TV Tip 33 46.5 27 38.0 0.715 60 42.3
CSD 5.4: Stove & Oven 37 52.1 41 57.7 0.516 78 54.9
CSD 5.5: Tube TV 25 35.2 31 43.7 0.701 56 39.4
CSD 6.1: Crowding 61 85.9 64 90.1 0.564 125 88.0
CSD 6.2: furniture crowd 56 78.9 61 88.7 0.584 117 82.4
CSD 7.1: Medicine Lock 0 0 0 0 na 0 0
CSD 7.2: Household lock 52 73.2 54 76.1 0.280 106 74.6
CSD 7.3: Childproof caps 47 66.2 41 57.7 0.520 88 62.0
CSD 8.1: Hot water 39 54.9 38 53.5 0.323 77 54.2
CSD 9.1 Bath tub grab bar 13 18.3 9 12.7 0.662 22 15.5
CSD 9.2: Non-slip 33 46.5 34 47.9 0.776 67 47.2
CSD 10.1: Handrail 46 64.8 33 46.5 0.050 79 55.6
CSD 10.2: Safe steps 27 38.0 13 18.3 0.020 40 28.2
CSD 11.1: CO alarm 47 66.2 49 69.0 0.596 96 67.6
CSD 12.1: Electric tripping 56 78.9 50 70.4 0.027 106 74.6

Avg. % Sub-domains  Avg. % Sub-domains Avg. % Sub-

passed passed domains passed
Chase Sub-Domain Score 59% 54% 0.034 57%

tAdjusted paired regression analysis included education level, poverty status, and rental status.

HQS Tool

Individual item pass rates ranged from a low of 61% having a working smoke
alarm on all levels to a high of 98% being free of signs of garbage. Pass rates on
the HQS measures were generally high with 91% on average of subdomains
passed for the total group (90% for cases, 92% for controls). (see Table 3)
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Table 3. HQS Sub-Domain total and individual variables

HQS Sub-Domain (HSD)

HSD 1.1: Electrical Hazards
HSD 1.2: Electrical

HSD 2.1: Ceiling

HSD 2.2: Floor

HSD 2.3: Walls

HSD 3.1: Bathroom Present
HSD 3.2: Bathroom Sink
HSD 3.3: Toilet

HSD 3.4: Bathroom Tub

HSD 3.5: Bathroom
Ventilation

HSD 3.6: Kitchen Stove
HSD 3.7: Kitchen Present

Controls (Sick)

Frequency

55
63
64
59
65
71
64
67
67
61

65
71

HSD 3.8: Kitchen Refrigerator70

HSD 3.9: Kitchen Sink
HSD 3.10: Kitchen Storage
HSD 4.1: Fire Exists

HSD 4.2 Signs of garbage

HSD 4.3: Evidence of
Infestation

HSD 4.4: Security

HSD 4.5: Smoke Detectors
HSD 4.6: Stairs

HSD 4.7: Windows

HSD 5.1: Heating

HQS Sub- Domain Score

67
71
71
69
57

62
45
66
60
50

% pass

77.5%
88.7%
90.1%
83.1%
91.5%
100%

90.1%
94.4%
94.4%
85.9%

91.5%
100%
98.6%
94.4%
100%
100%
97.2%
80.3%

87.3%
63.4%
93.0%
84.5%
70.4%

Avg. % Sub-domains

passed

92.03%

Cases (Injured)

Frequency % pass

46
66
60
67
66
71
66
65
67
63

64
71
69
68
70
69
70
59

62
41
63
57
52

Avg. % Sub-domains

passed

90.10%

64.8%
93.0%
84.5%
94.4%
93.0%
100%
93%
91.5%
94.4%
88.7%

90.1%
100%

97.2%
95.8%
98.6%
97.2%
98.6%
83.1%

87.3%
57.7%
88.7%
80.3%
73.2%

0.049
0.904
0.058
0.066
0.507
na

0.317
0.200
0.969
0.435

0.914
na

0.951
0.686
na

0.953
0.936
0.888

0.850
0.545
0.220
0.334
0.778

0.249

Total
p-value Frequency %
pass
101 711
129 90.8
124 87.3
126 88.7
131 92.3
142 100
130 91.5
132 93.0
134 94.4
124 87.3
129 90.8
142 100
139 97.9
135 95.1
141 99.3
140 98.6
139 97.9
116 81.7
124 87.3
86 60.6
129 90.8
117 82.4
102 71.8
Avg. % Sub-
domains
passed
91.1%

Comparison Between Cases and Controls

Significant differences in pass rates were found between the cases and controls
on the following CHASE items: overloaded electrical outlets (58% vs 76%),
inadequate or missing handrails (47% vs 65%), unsafe steps (18% vs 38%), and
electrical tripping hazards 70% vs 79% with the cases being significantly less
likely to pass. No differences were found between groups on the HQS measures.
In the adjusted paired regression analysis of the overall average pass rates, case
status was significantly associated with the CHASE sub-domains such that cases
compared to controls were significantly less likely to pass -4.527 (2.13)(p=034)
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(see Table 4) The HQS subdomain model analyses suggest no difference in
scores between cases and controls. (see Table 4)

Table 4. Chase & HQS Sub-Domain Pass Rates

Non-Injured Injured Unadjusted Adjusted
paired paired
Regression regressiont

Avg. % Sub-domains passedAvg. % Sub- Beta (S.E.), Beta (S.E.),

domains passed p-value p-value
Chase Sub- Domain Score59% 54% -3.315 (1.48),-4.527
p=.025 (2.13),
p=.034
HQS Sub- Domain Score 92.03% 90.10% -.033 (.023), -.031 (.027),
p=.153 p=.249

tAdjusted paired regression analysis included education level, poverty status, and rental status.

DISCUSSION

These results add to the literature by demonstrating the potential of an improved
home inspection tool to contribute to child injury prevention.#'Our findings also
demonstrate that not all tools are equal in terms of identifying injury hazards and
injury risk. The CHASE tool was statistically significantly more likely to result in a
non-passing score in homes of injured children compared to homes of matched
non-injured controls. The CHASE tool differs from the HQS in that it explores
areas which are specifically related to housing conditions that are hazardous to
children i.e. securing furniture tipping hazards and locking medicines. The
authors believe that assisting parents by addressing injury measure with the
same attention as the HQS is used to address failures in measures of structural
housing condition would greatly reduce injury risks in homes. Our findings in the
current study are consistent with our own previous work as well as the work of
others. Data from our own observations in low income areas of East Baltimore
found that 41% of homes had unsafe water temperatures and only 10% of
families with young children kept any of their poisonous substances locked.3432
Almost all (97%) of families in one study reported keeping their prescription
medications unlocked which is consistent with the finding in the current study
which found that no families were storing their medicines in a locked place.3®

While the results offer important insights about home inspection tools and
identifying injury risks, they should be interpreted in the context of several
limitations. The proportion of those recruited and enrolled was low (17%).
Reasons for refusal and differences between those who enrolled and those who
did not is unknown. Resources limited our control sample to one per case; having
multiple controls per case would have strengthened our findings. We included
children with four types of injuries and did not attempt to associate type of injury
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with specific inspection failures. Findings suggest an overall association, which
may be due to other unmeasured factors. Even though the multivariate analysis
controlled for household economic status there may be other unmeasured
confounders that correlate with both injury and items on the CHASE tool. For
instance, the intensity of parental monitoring is known to correlate with child injury
and may also be associated with a lack of vigilance against household hazards.
It cannot be assumed that structural hazard correction will also ameliorate
parental monitoring. Findings from this study are based on a sample of homes in
an urban environment. The extent these to which these results are generalizable
to other environments (e.g. rural, newer construction etc.) is unknown. An
additional consideration is the fact that we used non-injured patients as controls.
This allowed us to explore the hypothesis that injury status could be associated
with household injury measures which was a strength of the design. However, it
may be the case that there are inherent differences between families of children
seeking non-urgent health care in the emergency department and families of
injured children which were not fully anticipated or controlled for with our study
design. Future work with a larger sample might be able to examine associations
between the types of injury in relation to explanatory hazards in the home.

The recognition of the relationship between housing and health and the existence
of home inspection programs offers opportunities for injury prevention
professionals concerned with home injuries to collaborate with the  growing
healthy housing community to reduce home injuries. Housing professionals’
access to and knowledge about homes, and their ability to inform housing policy
complements injury prevention professionals’ understanding of injury and
associated risks. Broad dissemination and use of the CHASE tool has the
potential to decrease injury risk in homes served by existing inspection programs
that are not currently addressing injury hazards in the home.

CONCLUSION

Programs conducting housing inspections in the homes of children should
consider including the CHASE Tool as part of their inspection measures. Future
research should utilize the CHASE Inspection tool in a prospective sample of
homes to determine its efficacy in preventing injuries and reducing medical costs.
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Chapter 12

This thesis aims to demonstrate the relevance of the public health approach for
addressing the burden of home injuries. This thesis aim to enhance our
understanding of the burden of injuries, risk and protective factors associated with
home injuries. This thesis additionally reports on the evaluation of the Johns
Hopkins Home Safety Project; community intervention trial aimed at reducing
safety risks in the homes. Finally, this these provides strategies to improve the
implementation of home safety measures. In four subsequent parts, the following
research questions are studied:

For part 1: Examining the burden of home Injuries

1. What is the burden of home injuries from scalds and housing elements in
the USA? (Chapter 2-3)

For part 2: Risk and protective factors regarding safety in the home

2. What are the main risk and protective factors for burn injuries and from
housing elements in the homes of low-income families? (Chapter 4-7)

For part 3: Evaluation of a community Intervention to reduce safety risks in the
home

3. How effective was the Johns Hopkins Home Safety Project at increasing
home safety practices? (Chapter 8-9)

For part 4: Strategies to improve the implementation of home safety measures

4. Which strategies can be used to improve adoption of home safety
measures? (Chapter 10-11)

In this chapter, the main findings are summarized, and the results are discussed
and linked to current research to highlight new insights. Additionally, the strengths
and limitations of the studies are discussed. Finally, implications for practice and
future studies are discussed.

MAIN FINDINGS AND INTERPRETATION

Question 1. What is the burden of home injuries from scalds and housing
elements in the USA? (Chapters 2-3)

In chapters 2-3 the National Electronic Injury Surveillance System (NEISS) of the
Consumer Product Safety Commission was utilized to explore the burden of
injuries from scalds and housing elements in the United States.

An analysis of the NEISS was conducted to determine the incidence of pediatric
scald burns for children under 3 years of age who were treated in US hospital
emergency departments (Chapter 2). The analysis also quantified injury patterns
associated with scald burns to inform prevention recommendation messaging.
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General Discussion

The NEISS query identified 2104 scald burn cases between 2009 and 2012,
yielding a national estimate of 11,028 scald burns in children younger than 3
years old annually in the USA. The analysis of the case narratives resulted in the
identification of precipitating and/or contributing factors including cooking,
bathing, and consuming hot liquids. Our findings are similar to previous work,
which identified hot water (from bathing) and hot liquids, such as coffee, as
significant contributors to scald burns. [1-4] The available information on
precipitating and/or contributing factors suggests that caretakers should test the
temperature of their water heaters, test the bath water before bathing children,
and be made aware of risk of scalds from hot liquids so that they exercise close
supervision of children.

A second study utilized the NEISS system to quantify unintentional injuries
associated with housing elements among children less than 18 years old treated
in US hospital emergency departments. Injury risk has previously been
associated with housing condition. [5-9] Chapter three identified twelve housing
elements (bathtub, cabinet, carpet, ceiling/wall, counter, door, fence, floor, nail,
porch, stairs and window) as the leading causes of injuries resulting in
hospitalizations or emergency department visits. A list of potential interventions
(i.e. the use of anti-slip surfaces in the bathroom; removal of protruding nails, &
door stops to prevent finger entrapment) was generated based on the review of
the case histories. Suggested changes for NEISS coding system, including and
expansion of the narrative text field, were also offered to enhance future
prevention research.

The NEISS database is a valuable national resource which has demonstrated
real-world utility since its inception. The examination and presentation of NEISS
data have led to product recalls (e.g., lawn darts, high-powered magnet sets),
[10,11] creation of voluntary standards (e.g., window blind cords), [12] and even
awareness of injury sources, leading to the development of new, safer equipment
(e.g., tractor rollover protective structures). [13] It has had a significant impact
in recreational, household, and occupational products, which affect people daily.
Injury surveillance systems are employed in other countries though none have
been as extensively utilized for reporting in the peer-reviewed literature as in the
NEISS system. This thesis demonstrates the utility of NEISS for exploring the
both the burden and circumstances associated with home injury. It has
specifically demonstrated its utility for exploring pediatric scald burns and injuries
to children from housing elements.

Chapter 2 demonstrated that an estimated 11,028 children younger than 3 years
old experience a scald burn annually in the USA. By examining the precipitating
and/or contributing factors we were able to recommend prevention strategies for
caretakers of children including that they should test the temperature of their
water heaters, test the bath water before bathing children, and be made aware of
risk of scalds from hot liquids so that they exercise close supervision of children.
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By utilizing the NEISS system to examine housing elements associated with
home injury in Chapter 3 we were able to identify 12 housing elements associated
with the most emergency department visits and hospitalizations. In addition to
identifying these housing elements we provided guidance for remediating these
injury risks via a list of prevention recommendations.

Question 2. What are the main risk and protective factors for burn injuries and
from housing elements in the homes of low-income families? (Chapter 4-7)

In chapters 4-7 a variety of methods including questionnaire design, home
observations, and qualitative interviews were utilized to improve understanding
of risk and protective factors for injuries from burns and housing elements.

To determine the potential benefit of an extended questionnaire to improve
reporting of smoke alarm coverage parents of children who were treated in an
urban emergency department were recruited into a study.(Chapter 4) Parents
were randomized to receive an intervention to improve their fire safety behaviors
or car set behaviors. Education was delivered via a smartphone app.
Respondents completed a baseline assessment of their safety behavior and
related beliefs. Data for this analysis come from the baseline assessment of the
fire safety arm of the study. As part of the assessment, respondents were first
asked two questions which constituted the Brief Form. Later in the assessment,
they answered an Extended Form, which asked them to identify the number of
levels in their home, and then were prompted for each of those levels to report
whether a smoke alarm was present, if it was working, and how they knew it was
working. Answers were summarized to create two variables comparable to the
items assessed on the Brief Form: any working smoke alarm and a working
smoke alarm on every level. Responses from the Brief and Extended Forms were
compared using a Kuder-Richardson test, a measure of internal consistency for
binomial data. Comparing responses between the two forms demonstrated that
respondents reported more working alarms (96% vs 85%) and more working
smoke alarms on all levels (92% vs 73%) on the Brief Form compared to the
Extended Form. Our results show that question phrasing and quantity changed
respondents’ answers to smoke alarm questions, presumably for more accurate
reporting of smoke alarm presence and functionality. Our findings are valuable in
light of previous work which has demonstrated discrepancies between self-
reported and observed smoke alarm functionality with positive predictive values
ranging from 26% to 90%. [14] Additional work by Stepnitz et. all demonstrated
that when answering commonly used questions to assess smoke alarm status,
the general public over-reports because they may not consider all levels of the
home and because they may be unaware of indicators of alarm functionality . [14]
These finding demonstrate the need to consider potential ways to improve
accurate reporting including the use of improved questions. [15]
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An observational study was conducted to examine the association between living
in substandard housing and fire and burn risks in families living in a low-income
urban environments in Baltimore Maryland, USA. (Chapter 5) The purposes of
this study was 1) to describe the frequency and characteristics of substandard
housing in urban homes with young children and 2) to explore the hypothesis that
better housing quality is associated with a greater likelihood of having working
smoke alarms and safe hot water temperatures. A total 246 caregivers of children
ages 0-7 years were recruited from a pediatric emergency department and a well
child-clinic. In-home observations were completed using 46 items from the
Housing and Urban Development’s Housing Quality Standards. The observation
study found that virtually all homes (99%) failed the housing quality measure.
Items with the highest failure rates were those related to heating and cooling;
walls, ceilings, and floors; and sanitation and safety domains. 82% of the
observed homes had only one working smoke alarm. 42% had one on every level,
and 62% had safe hot water temperatures. For every increase of 1 item in the
number of housing quality items passed, the odds of having any working smoke
alarm increased by 10%, the odds of having one on every level by 18%, and the
odds of having safe hot water temperatures by 8%. Many children may be at
heightened risk for fire and scald burns by virtue of their home environment.
Stronger collaboration between housing, health care, and injury prevention
professionals is urgently needed to maximize opportunities to improve home
safety. Our finding supports the recommendations of a systematic review of
interventions by DiGuiseppi et al addressing injury-related structural deficiencies
in housing. The review noted the absence of research on improving the
implementation of safety-related building and housing codes. [16] Given that
smoke alarm standards are part of safety related housing codes, our finding
supports the need for improving implementation and enforcement. [17]

Another observation study was conducted as formative work to prepare the Johns
Hopkins Home Safety Project community intervention trial. The formative work
allowed us to observe water heaters and household characteristics and water
temperature and report results in relation to the water heater manufacturers
voluntary standard which was adopted in 1980 in the USA. The voluntary
standard required water heaters thermostats to pre-set to 49°C/120°F (Chapter
6). This study reports on water temperatures in 976 urban homes and identifies
water heater and household characteristics associated with having safe
temperatures. This study found that hot water temperature was unsafe in 41% of
homes. Homeowners were more likely to have safer hot water temperature (<
49°C/120°F) than renters (63% vs. 54%; p<0.01). For 11% of gas water heaters,
the water temperature was > 49°C/54°F although the gauge was set at less than
75% of its maximum setting. In a multivariate logistic regression, electric water
heaters were more likely to have safe hot water temperatures than gas water
heaters (OR=4.99; p<0.01). Water heaters with more gallons per person in the
household were more likely to be at or to be below the recommended 49°C/120°F.
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These results suggest that hot water temperatures remain dangerously high for
a substantial proportion of urban homes in low income areas despite the adoption
of voluntary standards to preset temperature settings by manufacturers. This
research highlights the need for improved prevention strategies such as installing
thermostatic mixing valves to ensure a safer temperature and also for the
recommendation that the importance of household size be stressed as part of the
purchasing process. Although hot water temperature is generally correlated with
the water heater setting, we have evidence that this is not always the case, [18]
and the International Residential Code for 1- and 2-family dwellings recommends
thermostatic mixing valves that regulate the water temperature at the faucet. [19]
[20] The results presented in this thesis support the recommendation of the
International Residential Code. [19] Edwards et al. quantified the positive effects
of a thermostatic control system on the prevalence of dangerous water
temperatures in a cluster randomized controlled trial in London. [21] A study in
Ontario demonstrated a positive effect of legislation requiring a mixing valve with
the installation of all new water heaters on the scald burn incidence. [22]

The risk factors identified by these observation studies were unsafe water
temperatures and insufficient smoke alarm coverage. Tap water temperatures
were too hot in 38% and 41% of homes respectively in the two observation
studies. Smoke alarms were not present in in 18% of homes and insufficient
smoke alarm coverage was observed in 58% of homes. Smoke alarm coverage
and unsafe water temperature were both associated with overall housing quality.

A qualitative study conducted with parents of injured children examines parents’
self-reported perceptions of protective measures which could have prevented
injury as well as actions taken to avert future injuries by making changes to the
home environment. (Chapter 7) Previous work has demonstrated that medical
attention for an injury can increase parents’ perception of their child’s
susceptibility to injury. [23] Understanding subsequent parental actions to avert
future injuries can inform prevention efforts. In this study, we describe the
children’s injured body part and parents’ reports of: 1) the cause of the injury; 2)
what could have prevented it; and 3) changes made afterwards. This study
examined the medical records and conducted qualitative interviews with one
hundred three parents of injured children. In all but two cases parents identified
an item as contributing to the injury: 35% involved a house feature; 33% house
furnishings, 11% food/beverage, and 8% toys. Most parents identified at least
one prevention strategy (82%). Of the 110 suggested prevention strategies, 40%
indicated a recommendation to improve the safety of the environment (e.g., store
hazardous product), 31% recommended a modification to the child’s behavior
(e.g., new rules), and 29% recommended increased supervision. Only fifty-nine
parents (57%) reported making changes post injury, 51% modified the
environment; 27% got rid of/replaced items; and 10% increased supervision
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This study additionally explored how parents changed their homes after a
medically-attended injury to prevent reoccurrence. Most parents identified a
prevention strategy, commonly an environmental modification (e.g., storing
hazard), however only 57% made modifications. Safety changes reported by
parents to prevent reoccurrence of medically-attended home injuries can inform
future prevention efforts that are more likely to be adopted in the future by other
parents.

Chapter four demonstrated the potential to improve parents’ report of risks in the
home via the utilization of an extended questionnaire about smoke alarm.
Chapter five demonstrated an association between housing quality and the
presence of smoke alarms and safe water temperature indicating that
substandard housing is a risk factor for injury from fire and burns. Chapter six
identified risk and protective factors associated with safe household water
temperature. We learned that electric water heaters were protective compared to
gas water heaters and that an increased number of household members per
gallon on water in the water heater was associated with unsafe water
temperature. In chapter six we used qualitative methods to interview parents of
injured children to identify prevention strategies. Parents recommended
environmental changes to the environment, eliminating risk items that had been
associated with their child’s injury and greater supervision as potential protective
factors which may have prevented their child’s injury.

Question 3. How effective was the Johns Hopkins Home Safety Project at
increasing home safety practices? (Chapter 8-9)

In chapter 8-9 the Johns Hopkins Home Safety Project was evaluated to examine
its effect on smoke alarm installations and hot water safety at the 6-month follow-
up visit.

The Johns Hopkins Home Safety Project was a community intervention trial which
evaluated the impact of an enhanced fire department home visiting programs on
community participation and installation of 10-year lithium battery smoke alarms.
Chapter 8 describes the rate of fire and burn hazards observed in homes.
Communities were randomly assigned to receive either a standard or enhanced
home visiting program. During a one-year intervention period, 171 fire
department home visit events took place with 8,080 homes. Households in the
enhanced area received pre-notification about an impending visit from the
Baltimore City Fire Department to install smoke alarms. Fire department
personnel visited homes in the standard community without pre-notification. At
baseline, 60% of homes did not have working smoke alarms on every level of
their homes; 44% had unsafe water temperatures; and 72% did not have carbon
monoxide alarms. Residents in the enhanced community, relative to those in the
standard community, were significantly more likely to let the fire fighters into their
homes (75% vs 62%). Among entered homes, those in the enhanced community
were significantly more likely to agree to have smoke alarms installed (95% vs
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92%), to be left with a working smoke alarm on every level of the home (84% vs
78%), and to have more smoke alarms installed per home visited (1.89 vs 1.74).
Previously reported, smoke alarm distribution programs have used various
combinations of community volunteers, paid staff, and fire personnel with mixed
results [24-26] . Our study is most similar to the earlier work by Schwarz et al,
[24] who hired community liaisons to engage community members at the block
level in advance of having safety inspectors go door-to-door. Similar to Schwarz’s
work, we too found that advance notice, provided by a recognized community
representative, resulted in increased access to homes. We were surprised,
however, that the advance notice did not result in more residents being home on
the day of the event; how to address the 60% of residents who were not home
remains a challenge. Prior smoke alarm distribution programs that have
evaluated their impact on fire deaths have had mixed results, [25,26] Programs
evaluating the impact of home visiting and installation of 10-year lithium battery
alarms have demonstrated their benefit as compared to typical 9-volt alarms. [28]

The Johns Hopkins Home Safety Project also provided an opportunity to test an
intervention aimed at decreasing risks from scald burns by educating families
about unsafe water temperatures during an enhanced home safety visit. (Chapter
9) We aimed to determine whether households who patrticipated in an enhanced
home safety visit demonstrated improved safety behaviors about hot water
compared to homes receiving a standard home visit. Hot water temperature and
self-reported prevention behaviors were recorded at a baseline visit and retested
6-9 months later in sub sample of homes who agreed to participate in the follow-
up visit. At baseline families in the enhanced group received a tailored
educational message aimed at having them retest and adjust the water heater
gage when an unsafe water temperature had been observed. Families in the
standard group were informed of their water temperature but were not provided
with a tailored educational message. Residents whose hot water temperatures
remained at an unsafe temperature were asked why they did not adjust the
temperatures. Demographic data were also recorded. A total of 708 households
participated in both the baseline and follow-up visits. No significant difference
emerged between the two study groups in the proportion of households observed
to have adjusted their hot water temperature to safe levels between the baseline
and follow-up visits (t = 1.24; P = 0.22). Residents who received the enhanced
education were more likely to report testing their water temperature (27% vs 11%;
P <.01) and turning their hot water temperature below 49°C/120°F (43% vs 32%;
P =.08). Among those who had unsafe temperature levels and did not reduce
the water temperature, the most common reason (26%) offered was that they
“liked it hot.” These results demonstrate that water temperatures are unsafe in
many urban homes. The effect of educational interventions may be mitigated by
personal preferences of hot water temperature. Our work supports the results of
Babul et al which demonstrated that families receiving a home safety intervention

194



General Discussion

were two times more likely to adjust their hot water temperature to safe levels
than families who did not receive a home safety intervention [29] .

This evaluation further supported our recommendation of the need for the
thermostatic mixing valve as an engineering solution for the water heater. An
intervention by Kendrick et al demonstrated that installing thermostatic mixing
valve anti-scald devices at the tap have shown promise in protecting people from
scalding water. [30] Kendrick et al has demonstrated a decrease in scald burns
after utilizing this passive intervention [30] .This recommendation should be
considered concurrently with the risk from legionnaires disease in water storage
tanks. There were 6,100 cases of Legionnaires’ disease reported by US health
departments in 2016 [31] . Legionnaires disease outbreaks are commonly
associated with water systems in large buildings with complex water systems.
[32] The work of Alary et al [32] examined residential water heaters in Quebec
Canada and found no risk of legionella in gas and furnace powered water heaters
and minimal risk in electric water heaters. In contrast the observations we have
conducted demonstrates the risk of hot tap water scalds burns in 40% of homes
in Baltimore . [18] The proposed engineering solution, a thermostatic mixing
valve; allows water to be stored at higher temperature in the tanks before it is
mixed with colder water upon leaving the tank prior to exiting faucets where
residents would be exposed to it. The engineering solution decreases the risk of
both legionella at hot tap water scald burn injuries and is already required in part
of the plumbing code in Australia as well as in Ontario, Canada. [33,22]

The Johns Hopkins Home Safety project was effective at increasing smoke alarm
coverage for both the standard and enhanced groups in the community
interventional trial. The enhanced group had significantly better outcomes for
allowing fire personnel into their homes and allowing alarms to be installed. The
Johns Hopkins Home Safety Project was also successful at improving water
testing and adjusting behavior in the enhanced group but was not successful at
reducing unsafe water temperatures.

Question 4. Which strategies can be used to improve adoption of home safety
measures? (Chapter 10-11)

Chapters 10-11 provide guidance for improving the adoption of home safety
measures.

Chapter 10 describes the epidemiology of home injuries; and summarizes the
available evidence on prevention strategies that address the groups most at risk
for four of the leading causes of home injury -- infant sleep-related deaths, house
fires and burns, poisonings, and falls. Effective prevention strategies have been
identified to reduce injury or mitigate risk behaviors. The evidence is summarized
by the strength of the evidence for selected prevention strategies for each of
these injury causes. Strong evidence was found to support recommendations for
burn prevention, pediatric and older adult falls, and pediatric poisoning
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prevention. Strong evidence indicates that next steps for these evidence-based
recommendations is the dissemination of these recommended strategies to the
target populations. Table 1 presents a summary of the evidence.
Recommendations for the prevention of adult poisoning and infant safe sleep
were limited to recommended and promising categories indicating that further
evaluative work is needed to determine the effectiveness of these
recommendations.

Table 1. Prevention strategies for home injuries by type of injury, outcomes studied, and level of
evidence

Prevention strategies Outcomes studied® Level of Evidence
(%)

Safe sleep

National Back to Sleep Campaign Injury Promising

Crib distribution program Behavior Recommended
practice

Parent/caregiver education Behavior Promising

Poisoning Behavior Promising

Fires and burns

Working smoke alarms Injury Strong

Smoke alarm installation and education programs Behavior Strong

Residential sprinkler technology Injury Strong

Sprinkler mandates for new home construction Behavior Promising

Reduced ignition propensity cigarettes Injury Promising

Fire escape planning interventions Behavior Strong

Interventions for safe storage of matches Behavior Recommended
practice

Child-resistant cigarette lighters Injury Promising

Interventions for safe hot water temperature Behavior Strong

Interventions for keeping hot drinks and foods out of  Behavior Recommended

reach practice

Falls (children)

Mandated redesign of baby walkers Injury Promising

Reduction of baby walker possession and use Behavior Strong

Stair gate education and distribution Behavior Strong

Window guard mandates Injury Strong

Falls (older adults)

Medication review Falls Strong

Strength and balance exercise programs Falls Strong

Home modification Falls Strong

Yearly vision screening Falls Promising

Multicomponent interventions Falls Strong

Poisoning (children)

Safe storage of medication away from children Behavior Strong

Child-resistant and sublethal dose packaging Injury Strong

Poison control centers Injury Strong
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Prevention strategies Outcomes studied® Level of Evidence
(%)

Poisoning (adults)

Safe storage, use, and disposal of opioid pain relievers Behavior Recommended
Control of supply and dispensing of opioid pain Injury Promising
relievers

Carbon monoxide alarms Behavior Recommended

Chapter 10;Table 4 Gielen AC, McDonald EM, Shields WC. Unintentional Home Injuries across the
Life Span: Problems and Solutions. The Annual Review of Public Health. 2015; 36:2.1-2.23

The Healthy Housing community, which has historically addressed lead
poisoning and asthma in homes of affected children, is a new audience for injury
prevention outreach. The CHASE Tool was developed and validated as a tool for
use by this community. (Chapter 11) The CHASE tool which contains 14 injury
subdomains, and 25 injury measures have been developed and validated to
assist housing programs working in homes of children to identify and mediate
injury risks. The majority of households had safe water temperature 56%, working
smoke alarms on every level 62%, and CO alarms 70%. The overall passed
percent of subdomains passed was 57% for the total group. Individual item pass
rates varied greatly between CHASE items from a low of 0% having medication
locked and 11% having window guards to highs of 90% having proper exits and
80% being free of furniture crowding. These results are important because they
add to the literature demonstrating the need for injury prevention to be addressed
as part of the healthy homes initiative. [34,35]The comparison between groups,
which was done via an adjusted paired regression analysis, demonstrated that
case status significantly predicted the CHASE sub-domain such that those who
were in the injured group were significantly less likely to pass (b=-3.315, p=.025).
This finding demonstrated that the CHASE Inspection tool could distinguish
between injured and non-injured children. The current interest in public health
circles in the role of housing in health offers unparalleled opportunities for injury
prevention professionals concerned with home injuries. Collaborating with our
environmental health and healthy housing colleagues is one important approach
to reducing home injuries. Their access to homes and their ability to influence
housing policy can play significant roles in reducing home injuries. Sharing the
science of injury prevention [36] with the wide array of professionals who create
home environments and interact with people in their homes (e.g., architects,
home builders, home visiting programs, fire and EMS providers) could be a useful
approach. The broad dissemination of the CHASE tool has the potential to
decrease injury risk in homes served by the programs which previously were not
addressed.

The strategies explored in chapters 10 and 11 provide guidance for clinical
providers, injury preventions researchers, and the Healthy Housing Community
to reduce injuries in the home. The guidance provided in these chapters has the
potential to reduce home injuries if properly utilized and disseminated to specific
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identified target audiences. Chapter 10 and 11 additionally provide insight into
areas which are in need of additional evaluative work to determine the
effectiveness of the recommended strategies before they can be deemed to be
supported by strong evidence.

METHODOLIGICAL CONSIDERATIONS

National Electronic Injury Surveillance System (NEISS)

The NEISS-AIl Injury Program is used to produce national estimates of the
number of consumer product-related injuries treated in hospital emergency
departments in the USA . NEISS consists of a probability sample of hospital
emergency departments (EDs) in the USA and its territories. The NEISS-AIl Injury
Program (NEISS-AIP) uses data from a nationally representative sample of
hospitals in the USA. The current NEISS sample includes approximately 100
hospitals grouped into five strata, four representing hospital emergency
departments of differing sizes and a fifth representing emergency departments
from children's hospitals. The hospitals included in the NEISS sample were
selected as a probability sample of all 5,000+ U.S. hospitals with emergency
departments. NIESS primarily functions as a surveillance system but it can also
be used to identify cases for further investigation. The hospitals included in the
sample were selected as a stratified probability sample of hospitals in the United
States and territories with a minimum of six beds. The NEISS sample has been
updated three times since its inception. The first update in 1990 expanded the
universe of hospitals which the sample was drawn from, the second in 1991
expanded the sample from 65 to 91 hospitals. The last update in 1997 expanded
the sample to 100 hospitals. The NEISS system is limited to producing estimates
about injuries occurring in the United States and does not allow for comparisons
between the US and other countries. [37]

Injury surveillance systems are employed in other countries though none have
been as extensively utilized for reporting in the peer-reviewed literature as the
NEISS system. A review of The Canadian Hospitals Injury Reporting and
Prevention Program (CHIRPP) data has shown great variance of sensitivity and
systematic errors in data capture. [38] The National Injury Surveillance Unit of
Australia has an acknowledged shortcoming in that it lacks a source of national
quantitative data suitable for monitoring consumer product safety [39] . The Home
and Leisure Accident Surveillance System (HASS/LASS) of the UK was
discontinued in 2003. [40]

An additional consideration when interpreting results from the NEISS system is
that the system relies on documentation from the emergency room clinicians and
the details provided in the narratives description. The NEISS surveillance system
was developed by the Consumer Product Safety Commission to track injuries

198



General Discussion

from consumer products. [41] It is unknown to what extent scald and injures
from housing elements not associated with consumer products (i.e. a scald from
hot tea) are missed by this surveillance system. Additionally, the NEISS system
produces a sample of cases treated in hospital emergency departments. It is
unknown to what extent cases treated in primary care or urgent care contribute
to the burden of injuries from scald or housing element. Given that many scald
burn patients bypass the regular emergency department for treatment at burn
centers,[42] we hypothesize that our estimate under counts the burden of scald
injuries.

The Johns Hopkins Home Safety Project

There are limitations to this study. Our findings were likely dampened by our
decision to define the geographic areas using census tracts rather than natural
borders that define neighborhoods. Using census tracts allowed us to access
existing data and to select a comparable set of households. However, we were
limited in our ability to create a robust community level campaign because our
enhanced community was made up of portions of several neighborhoods. It was
difficult for community partners to fully engage in promoting the program when
their organizations encompassed areas that were part of the intervention and
other areas that were not. Researchers designing community interventions will
need to consider how best to define community in light of the implications for fully
engaging community partners. Finally, something other than our intervention may
have produced the observed effect. However, we know of no competing ongoing
fire safety events in our study areas, and because both study areas were in
Baltimore City, any major fire event or fire safety campaign would probably have
affected both study areas equally.

Additionally, our study results are limited by having been conducted as part of a
community intervention trial as opposed to a randomized controlled trial.
Communities were randomly assigned to receive either a standard or enhanced
home visiting program. To create comparable communities we used census
variable, residential fire rate, and previous acceptance rates of fire department
home visits. Prior to implementing the program, 603 household surveys were
completed to determine comparability between the communities. Our outcomes
may be dampened by our protocol to inform participants in both the standard and
enhanced group about their smoke alarm and hot water temperature. Though the
enhanced group intervention was more robust educationally, it may not have
been different enough to effect change between groups.

CHASE Study

The CHASE study was a prospective case control study. An advantage of case
control studies is that they are good for studying low incidence illness or events
such as an injury [43] . A disadvantage of a case control study is that they are
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subject to selection bias which may have had an effect on our results given that
only 64% of eligible families participated. It is unknown how the participating
families may have differed from the non-participating families. Our small sample
also did not allow us to look at the CHASE score by the type of injury sustained
by the case children.

An additional methodological consideration of the CHASE study is that there was
little socio-economic variation in the population with 46% of families living below
the poverty level and 82% living in rental properties. Poverty is a common risk
factor for both substandard housing and for lower rates of smoke alarms and safe
hot water temperatures [44,18]. Because our sample was predominantly low in-
come, the independent effect of housing quality cannot be isolated. It is likely that
a constellation of factors is associated with being able to implement safety
behaviors and home modifications and that poor housing quality is a marker. Our
results must be considered in light of the population which the tool was tested in.

Limited participation and Non-response bias

Limited participation is a limitation of multiple studies reported in this thesis.
Limited participation causes concern about the possibility of the studies being
affected by Non-response bias. [45] Non-response bias is the bias that results
when participants differ in meaningful ways from non-participants. Given there
was no data available from non-participants for comparison with participants in
our studies it is not possible to ascertain if the finding would be different in non-
participants. The safety behaviors and potential impact of the intervention of non-
participating homes is unknown. The limited participation and possibility of non-
response bias might limit the generalizability [45] of the results of the studies.

Limited Geographic and Social Economic Variation

Several studies presented in this thesis were conducted in Baltimore City.
(Chapters 4,5,6,7,8,9,11) Participants in the Safety in Seconds Study (Chapter
4), the Johns Hopkins Home Safety Project (Chapter 6,8 & 9), and the CHASE
studies (Chapter 5,7 & 11) were drawn from homes and families in Baltimore City.
The limited geographic areas and concentration of participants from lower socio-
economic groups limit the generalizability of the results to other more varied
populations. An additional geographic limitation is that all studies and the National
Electronic Injury Surveillance System draw from populations in the United States,
limiting the generalizability to populations beyond the United States which
decreases the external validity [45] of the findings in non-US populations.

Though the studies in this thesis and the National Electronic Injury Surveillance
system all draw from populations in the United States the risk factor addressed,
and the recommendations suggested are consistent with risks and
recommendations in the European Union. Burns and scald risks which are
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addressed in chapters 2,5 and 6 are the fourth leading cause of death to children
in the European Union. [46] The risks from scalds demonstrated in chapter two
parallels risk to young children in the European Union where children under the
age of five are at the greatest risk of death from scald burns. [46]. Similarly; in
the Netherlands, young children and seniors are at highest risk for burn injuries
resulting in a hospital admission. [47] Of the children admitted to the hospital for
burns in the Netherlands the majority (75%) were treated for a scald burn.[47]
Recommendations to reduce burns from researchers and injury prevention
organizations in the European Union, including limiting tap water to 50°C [48],
increased supervision of children [47] ,and the promotion of smoke alarms [49]
are consistent with the recommendations in this thesis in chapters 2,5,6,8, and 9.
The Consumer Safety Institute of the Netherlands supports the policy statement
from the European Child Safety Alliance recommending legislation requiring all
homes have controlled bath water temperature not exceeding 50°C. [48] This
policy aligns with the recommendations outlined in chapters 2,6 and 9 of this
thesis. In addition to the parallels in risk and recommendations around burns
there are similarities with other home injury risk between this thesis and the
European Union injury prevention organizations. Recommendations from the
European Child Safety Alliance, including safe storage of poisons[50]; promotion
of baby walker alternatives[51]; and safe sleep recommendations [52], mirror the
strategies highlighted in Chapters 10 and 11.

Measurement

An important strength of the thesis is that outcomes from multiple studies
(Chapters 5,6,8,9,11) derive from home observations rather than self-report.
Observation is not always possible in injury research therefore this adds strength
to our findings, particularly in light of previous work which demonstrated evidence
of parents’ over-reporting certain safety practices. [53-56]

Our water temperature findings (Chapter 6 & 9) are based on a single water
temperature reading and do not take into consideration possible fluctuations in
the hot water temperature that may occur, throughout the course of the day.

Potential limitations of the of the qualitative interviews with parents reported
chapter in 7 include how the parental self-report about the injury could be
impacted by time that elapsed between the injury event and the interview and
social desirability bias. [57]

FUTURE RESEARCH

The National Electronic Injury Surveillance System (NEISS) data base is a
promising resource to explore the burden of home injuries in the USA. Though
originally designed to explore injuries from consumer products, our work, as well
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as the work of others [58-60], has demonstrated that the NEISS data base is a
valuable tool to explore the epidemiology of injuries via injury type and location.
The NEISS system should be further utilized to explore scald burn injury patterns
to older children, adults and seniors. Though this thesis presents on the burden
of tap water scald burns to the entire US population, an analysis of all scald burns
(not limited to tap water) in the population may provide additional opportunities
for prevention particularly in the older adult population which experiences scald
burns at greater rates and worse outcomes compared to the adult population less
than 65 years of age. [61] The NEISS system is being updated to expand the
length of the narrative text field to enhance researchers’ ability to understand
circumstance of injury more fully. [62] This modification will help minimize the
number of cases where the narrative text does not allow a sufficient
understanding of the circumstances of the injury.

The methods utilized in this thesis demonstrate that NEISS could be utilized to
expand our understanding of other homes injuries including suffocation, falls, and
non-scald burns.

Utilizing surveillance systems from countries outside the United States, such as
the Canadian Hospitals Injury Reporting and Prevention Program (CHIRPP)[38]
and the Australian National Injury Surveillance System [39], may provide
opportunities for comparison between countries. Unfortunately, the only system
utilized in the European Union, The Home and Leisure Accident Surveillance
System (HASS/LASS) of the UK, was discontinued in 2003. [40]

An analysis of the American Burns Associations national burn registry is an
additional opportunity for understanding the burden of tap water scald burn. The
National Burn Registry (NBR) represents ten years of cumulative data from burn
centers in the USA, representing the largest resource on epidemiology of thermal
injury for patients admitted to burn centers. [63] An examination of the NBR is
necessary to understand the extent of patients missing from the estimates
created using the NEISS system because it likely captures the injuries of patients
whose burns severity causes them to bypass emergencies rooms.

Safety In Seconds Project

The extended smoke questionnaire evaluated in the Chapter 4 should be
evaluated with home observations to validate the assumption that phrasing, and
quantity improved the accuracy of respondents’ reporting. Extended
questionnaires should be tested with other injury behaviors particularly when
being utilized to create tailored feedback as appropriate feedback is dependent
on accurate reporting.

The Johns Hopkins Home Safety Project

The success of the JHHSP at increasing smoke alarm coverage suggests that
fire department home visiting programs should take an “all hazards” approach to

202



General Discussion

expand services to reduce other home injuries risk. Future work is needed to
develop an understanding of other areas risk areas which could be minimized by
fire personnel.

Similarly, the success achieved by involving community health workers and other
community partnerships to promote the fire department visits should be utilized
to enhance other fire and life safety goals. Additional work is needed to
understand how best to reach people who were not home during sweeps visit
and what methods can be utilized to avail non-participating household of the life
safety benefits of a home safety visit. An important unknown factor about fire
department smoke alarm visits is how frequently homes that receive the alarms
needs to be revisited. Future work is needed to understand the frequency of the
need for a follow-up visit from the fire department.

Chapter 10 summarized the current evidence base for the prevention of home
injuries. Chapter 10 also highlighted the need for future research in multiple
areas. Additional work is needed to understand how to encourage parents’ safe
sleep practices in their home. Further work is needed to better understand ways
to facilitate adoption of residential sprinkler policies across the U.S., as well as
how to encourage retrofitting in existing homes. Additional work is needed
understand the epidemiology of pediatric falls and to develop and test prevention
strategies for these. Stair gates are a promising intervention to reduce falls on
stairs, but to date their efficacy has not been validated in a randomized trial.
Finally, much work is needed to better understand and address the current opioid
epidemic. Interventions, which have previously been utilized to reduce exposure
by children, such as lock boxes [64] , are being tested for utilization in the adult
population where the sharing and theft of prescription medications has been
associated with exposure and addiction.[65]

CHASE Housing Study

The CHASE housing tool (Chapter 11) should be further studied in a larger
sample of homes to determine the cost of feasibility of the proposed
modifications. Future research should utilize longitudinal analysis to examine the
potential impact from the utilization of the CHASE tool and to create a
recommendation on reducing the burden and cost of injuries. The measures
introduced on the CHASE housing tool are suitable for utilization for researchers
in the United States as well as other countries in the European Union, Australian,
and Canada where housing research is active and/or where the international
housing code is utilized. [19,20,21,30,64]

203



Chapter 12

IMPLICATIONS FOR PRACTICE

Both step two; identifying risk & protective factors, and step three; developing
prevention strategies, of the public health approach have implications for
practice. This thesis provides multiple recommendations for improving the
Practice of Injury Prevention. The recommendations have implications for
practitioners in the United States as well as practitioners in other countries which
have access to the families of children or with programs which assess the quality
of homes.

Chapter 2 presents eighteen specific prevention messages to prevent scald
burns in young children that were developed based on the analysis of
precipitating and contributing factors. Educational content to effectively share
these messages with parents is being developed and evaluated as part of our
future work.

Chapter 6 presents the risk and protective factors for tap water scalds. The
protective factors identified have practice implications. Specifically, these factors
imply that enhanced education is needed to encourage the purchase of a properly
sized water heater to match the gallons needed per person. Chapter 2, 6 & 9
demonstrate a need for the inclusion of the requirement for a thermostatic mixing
value within housing and plumbing codes. Future work is needed to encourage
the inclusion of this requirement in the relevant coding system. Practitioners
should consider petitioning the Consumer Product Safety Commission to revisit
the industry voluntary standard for consideration of the inclusion of thermostatic
mixing valves on all water heaters sold in the United States based.

Practitioners working in homes of children need to consider the identification and
remediation of a multiple home injury risks. Chapters 3, 5, and 11 describe risk
factors and recommended practice solutions for programs doing modifications in
the homes of children to reduce injury risk. Chapter 3 presented findings about
the main housing elements associated with injuries to children. Chapter 7
provides insights from parents about protective measures which may have
prevented their children’s injuries. Chapter 11 described a housing tool that
incorporated the housing elements from Chapter 3. This comprehensive housing
assessment tool needs to be widely disseminated to practitioners working in the
homes of children to ensure that their homes are free from known injury risks.
Given that injury prevention is not currently comprehensively included in home
assessments, efforts need to be made to inform the general community about the
burden of home injuries and about the process for identifying and remediating
home injury risks.

Chapter 8 provides recommendations for improving fire department smoke alarm
canvassing programs. Our work supports using pre-notification of smoke alarm
home visits to increase both entry into homes and the numbers of alarms
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installed. Chapter 8 additionally supports the recommendation for public health
academic centers to partner with the fire service to help generate evidence on
program effectiveness that can inform decision making about resource allocation
for prevention.

Finally, Chapter 10 presents the currently available evidence-based
recommendations for practitioners to reduce injuries from suffocation, falls,
burns, and poisonings. Practice recommendations endorsed are summarized in
Table 1.

GENERAL CONCLUSION

Home injuries are a significant public health burden both in the United States and
internationally. [66] The Public Health Approach is a valuable model to
understand and address the burden of home injuries. Utilizing the Public Health
Approach has provided valuable insight about the burden and risk factors
associated with home injuries. Many of the injuries examined are preventable. A
collaborative effort and coordination between multiple sectors including clinicians,
home visitors, fire and life safety professionals and the housing community is
needed to fully address the burden of injuries.
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Summary

The Burden of Home Injuries

Unintentional injuries account for significant mortality in the United States where
they are the 4" |leading cause of death. A substantial portion of unintentional
injury deaths occur in the home each year, accounting for an estimated 74,600
deaths annually in the United States. The young and old experience home injuries
at increased rates. Home injuries, burns and scalds in particular,
disproportionately affect socioeconomically disadvantaged children. Fire and
burns are a leading cause of home injuries morbidity and mortality.

The Public Health Approach

The public health approach as a conceptual model focuses on preventing health
problems in a way that extends better care and safety to entire populations rather
than to individuals. The public health approach is characterized by four steps: 1)
define the problem, 2) identify risk and protective factors, 3) develop and test
prevention strategies, and 4) assure widespread adoption of effective injury
prevention principles and strategies. The World Health Organization and the
Centers for Disease Control and Prevention recognize the utility of the public
health approach for addressing injuries. The principles of the public health
approach provide a useful framework for investigating and understanding the
causes and consequences of unintentional home injuries and for preventing
these injuries from occurring through primary prevention programs, policy
interventions, and advocacy.

The thesis addresses 4 research questions; each research questions applies to
one step in the above-mentioned public health approach.
1. What is the burden of home injuries from scalds and housing elements in
the USA? (Refers to ‘Step 1’; Chapter 2-3)
2. What are the main risk and protective factors for burn injuries and from
housing elements in the homes of low-income families? (Refers to ‘Step
2’; Chapter 4-7)
3. How effective was the Johns Hopkins Home Safety Project at increasing
home safety practices? (Chapter 8-9)
4. Which strategies can be used to improve adoption of home safety
measures? (Chapter 10-11)

Part one of this thesis utilizes the first step of the public health approach: defining
the problem. In order to answer Question 1: What is the burden of home injuries
from scalds and housing elements in the USA we must understand the problem.
Prior to addressing an injury problem, we must understand both whom the
problem affects and the magnitude of the problem in terms of morbidity and
mortality as well as the circumstances of the injury events in order to understand
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how the most dangerous injuries might be prevented. The National Electronic
Injury Surveillance System (NEISS) of the Consumer Product Safety Commission
(CPSC) is the primary tool for injury surveillance of consumer products in the US.
In part one of this thesis, we utilize the NEISS system to explore the burden of
injuries from scald burn and housing elements. (Chapter 2-3)

The NEISS query presented in Chapter 2 identified 2,104 scald burn cases
between 2009 and 2012, yielding a national annual estimate of 11,028 scald
burns in children younger than 3 years old in the USA. An analysis of the case
narratives resulted in the identification of precipitating and/or contributing factors
including cooking, bathing, and consuming hot liquids. Chapter 3 utilized the
NEISS system to quantify unintentional injuries associated with housing elements
among children less than 18 years old who were treated in US hospital
emergency departments. This study identified twelve housing elements (bathtub,
cabinet, carpet, ceiling/wall, counter, door, fence, floor, nail, porch, stairs and
window) as the leading causes of injuries resulting in hospitalizations or
emergency department visits.

Part two of this thesis utilizes the second step of the public health approach:
identifying risk and protective factors to answer the Question 2: What are the
main risk and protective factors for burn injuries and from housing elements in
the homes of low-income families?

Chapter 4 reported on the potential benefit of an extended questionnaire to
improve reporting of smoke alarm coverage by parents of children who were
treated in an urban emergency department and recruited into a study.
Respondents were first asked two questions which constituted the Brief Form.
Later in the assessment, they answered an Extended Form, which asked them
to identify the number of levels in their home, and then were prompted for each
of those levels to report whether a smoke alarm was present, if it was working,
and how they knew it was working. Answers were summarized to create two
variables comparable to the items assessed on the Brief Form: any working
smoke alarm and a working smoke alarm on every level. Responses from the
Brief and Extended Forms were compared using a Kuder-Richardson test, a
measure of internal consistency for binomial data. Comparing responses
between the two forms demonstrated that respondents reported more working
alarms ( 96% vs 85%) and more working smoke alarms on all levels (92% vs
73%) on the Brief Form compared to the Extended Form. Our results show that
question phrasing and quantity changed respondents’ answers to smoke alarm
questions, presumably for more accurate reporting of smoke alarm presence and
functionality.

Chapter 5 reports on an observational study conducted to examine the
association between living in substandard housing and fire and burn risks in
families living in low income urban environments. The observational study found
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that virtually all homes (99%) failed the housing quality assessment and that there
was an association between housing quality and burn risks. Chapter 6 expands
our understanding of risks and protective factors for tap water scalds in urban
homes via observational homes visits to collect data on water heater
characteristics. This study in n=976 urban homes found that hot water
temperature was unsafe in 41% of homes. Homeowners were more likely to have
safer hot water temperature (< 49°C/120°F) than renters (63% vs. 54%; p<0.01).
These results suggest that hot water temperatures remain dangerously high for a
substantial proportion of urban homes in low income areas despite the adoption
of voluntary standards to preset temperature settings by manufacturers. Chapter
7 reports on a qualitative study conducted with parents of injured children which
explored children injuries and parents self-reported perceptions of protective
measures which could have prevented injury as well as actions taken to avert
future injuries by making changes to the home environment. The most common
injury mechanism was a fall (46%), and the most common body part injured was
the head/neck/face area (62%). In all but two cases parents identified an item as
contributing to the injury: 35% involved a house feature; 33% house furnishings,
11% food/beverage, and 8% toys. Parents identified prevention strategies. Of the
110 suggested prevention strategies, 40% indicated a recommendation to
improve the safety of the environment (e.g., store hazardous product), 31% a
modification to the child’'s behavior (e.g., new rules), and 29% for increased
supervision. Fifty-nine parents (57%) reported making changes post injury, 51%
modified the environment; 27% got rid of/replaced item; and 10% increased
supervision. This study additionally explored how parents changed their homes
after a medically-attended injury to prevent reoccurrence. Most parents identified
a prevention strategy, commonly an environmental modification (e.g., storing
hazard), however only 57% reported making a change to their home environment.
Safety changes reported by parents to prevent reoccurrence of medically-
attended home injuries can inform future prevention efforts that are more likely to
be adopted in the future by other parents.

Part three of this thesis utilizes the third step of the public health approach:
develop and test prevention strategies to answer Question 3: How effective was
the Johns Hopkins Home Safety Project at increasing home safety practices?
This section of the thesis presents the results of the Johns Hopkins Home Safety
Project, a community intervention trial aimed at reducing risk from fire and burn
in the homes of urban families in Baltimore. Chapter 8 reports on the
effectiveness of the projects at increasing the acceptance of fire department
installation visits by enhancing the fire departments with community health
workers. At baseline, 60% of homes did not have working smoke alarms on every
level of their homes; 44% had unsafe water temperatures; and 72% did not have
carbon monoxide alarms. Residents in the enhanced community, relative to those
in the standard community, were significantly more likely to let the fire fighters
into their homes (75% vs 62%). Among entered homes, those in the enhanced
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community were significantly more likely to be left with a working smoke alarm on
every level of the home (84% vs 78%). Chapter 9 reports on the effect of adding
in-home education about scald prevention to the Fire Department Home visit. We
evaluated whether households which received in home safety education
demonstrated improved safety behaviors about hot water compared to homes
which did not receive the education. Hot water temperature and self-reported
prevention behaviors were recorded at a baseline visit and retested 6-9 months
later in a follow-up visit. No significant difference emerged between the two study
groups in the proportion of households observed to have adjusted their hot water
temperature to safe levels between the baseline and follow-up visits (t = 1.24; P
= 0.22). Residents who received the enhanced education were more likely to
report testing their water temperature (27% vs 11%; P <.01) and turning their hot
water temperature below 49°C/120°F (43% vs 32%; P = 0.08). Among those who
had unsafe temperature levels and did not reduce the water temperature, the
most common reason (26%) offered was that they “liked it hot.” These results
demonstrate that water temperatures are unsafe in many urban homes.

Part four of this thesis focuses on the final step of the public health approach
which is to share the knowledge learned through steps one-three with the broad
audience in order to assure the adoption of the findings beyond the immediate
community that was used to develop and test the interventions. Part four of this
thesis aims to achieve the fourth step of the public health approach: by answering
Question 4: Which strategies can be used to improve adoption of home safety
measures? Chapters 10 and 11 present the knowledge we have gained via our
utilization of the public health approach to a broad audience.

Chapter 10 describes the epidemiology of home injuries and summarizes the
evidence on prevention strategies that addresses the groups most at risk for four
of the leading causes of home injury -- infant sleep-related deaths, house fires
and burns, poisonings, and falls. Effective prevention strategies have been
identified to reduce injury or mitigate risk behaviors. The evidence is summarized
by selected prevention strategies for each of these causes. Prevention strategies
are organized by whether the outcomes evaluated are injuries or safety
behaviors, and the strength of the evidence according to the definitions presented
previously (strong evidence, promising evidence, recommended practice).
Chapter 10 aims to assist injury prevention and health professionals in program
planning.

Chapter 11 reports on the development and utilization of the CHASE housing
assessment tool in a sample of 142 homes of children in Baltimore in a
retrospective case control study. The CHASE tool development resulted in
twenty-five injury items organized around twelve subdomains. When utilized in
the sample of 142 homes the pass rates varied greatly across CHASE items,
from 0% having medication locked and 11% having window guards to 90% having
proper exits and 80% being free of furniture crowding. In the adjusted paired
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regression analysis of the overall average pass rates, case status significantly
predicted the CHASE sub-domains such that injured cases compared to non-
injured controls were significantly less likely to pass (b=-3.315, p=.025). This
finding demonstrated that the CHASE Inspection tool could distinguish between
injured and non-injured children. The CHASE tool provides injury prevention
measures, inspection protocol, risk remediation recommendations and cost
estimates to aid with risk identification risk remediation planning.

Chapter 12 included a general discussion, including a description and
interpretation of the main findings, methodological considerations, implications
for policy and practice, and recommendations for future research.

All studies presented in this thesis and the National Electronic Injury Surveillance
System draw from populations in the United States limiting the generalizability to
populations beyond the United States. The literature cited in this thesis draws
from injury literature based in the European Union, United Kingdom, Canada and
Australia to more broadly reflect the evidence base on the prevention of home
injuries internationally.

In conclusion, home injuries are a significant public health burden in the United
States. The Public Health Approach is a valuable model to understand and
address the burden of home injuries. Utilizing the Public Health Approach has
provided valuable insight into the burden and risk factors associated with home
injuries. Many of the injuries examined are preventable. A collaborative effort
and coordination between multiple sectors including clinicians, home visitors, fire
& life safety professionals and the housing community is needed to fully address
the burden of injuries.
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De ziektelast van letsels door ongevallen in huis

Ongevalsletsels zorgen voor een aanzienlijke sterfte in de Verenigde Staten
(VS), waar ze de 4e belangrijkste doodsoorzaak zijn. Een substantieel deel van
deze sterfte komt door ongevallen in huis. Ongevallen in huis zijn in de VS
verantwoordelijk voor naar schatting 74.600 sterfgevallen per jaar. Zowel
jongeren als ouderen hebben een verhoogd risico om in huis gewond te raken.
Letsels door ongevallen in huis — en met name brandwonden die zijn ontstaan
door vuur of heet water- hebben een onevenredig grote invioed op
sociaaleconomisch achtergestelde kinderen. Brandwonden zijn een belangrijke
oorzaak van morbiditeit en mortaliteit ten gevolge van letsels door ongevallen in
huis.

Het volksgezondheid perspectief

In deze thesis wordt de preventie van ongevallen in huis benaderd vanuit het
perspectief van de volksgezondheid. Deze volksgezondheidbenadering is gericht
op het voorkomen van gezondheidsproblemen bij hele bevolkingsgroepen in
plaats van individuen. Deze aanpak wordt gekenmerkt door vier stappen: 1)
definieer het probleem, 2) identificeer risicofactoren en beschermende factoren,
3) ontwikkel en evalueer preventiestrategieén, en 4) zorg voor brede toepassing
van effectieve preventiestrategieén. De Wereldgezondheidsorganisatie (WHO)
en het centrum voor ziektebestrijding en -preventie in de Verenigde Staten (CDC)
erkennen het nut van de volksgezondheidbenadering voor het terugdringen van
ongevalsletsels. De principes van deze aanpak bieden een bruikbaar kader voor
het onderzoeken en begrijpen van de oorzaken en gevolgen van letsels door
ongevallen in huis, voor het voorkomen van deze letsels door middel van primaire
preventieprogramma’s beleidsinterventies, en het op de kaart zetten van dit
probleem.

Dit proefschrift behandelt 4 onderzoeksvragen; elke onderzoeksvraag sluit aan
op één stap van de bovengenoemde volksgezondheidsbenadering.

1. Wat is de ziektelast van ongevalsletsels in huis door hete vloeistof
verbrandingen en woonelementen in de Verenigde Staten
(Verwijst naar 'Stap 1'; Hoofdstuk 2- 3)

2. Wat zijn de belangrijkste risicofactoren en beschermende factoren voor letsels
door brandwonden en woonelementen in de huizen van gezinnen met een
laag inkomen? (Verwijst naar 'Stap 2'; Hoofdstuk 4-7)

3. Hoe effectief was het “Johns Hopkins Home Safety Project” in het verbeteren
van de veiligheid in huis? (Verwijst naar ‘Stap 3’; Hoofdstuk 8-9)
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4. Welke strategieén kunnen worden gebruikt om de implementatie van
maatregelen voor veiligheid in huis te verbeteren? (Verwijst naar 'Stap 4’;
Hoofdstuk 10-11)

Deel één van dit proefschrift sluit aan bij de eerste stap van de
volksgezondheidsbenadering: het probleem definiéren. Hiermee werd
onderzoeksvraag 1 beantwoord: Wat is de ziektelast van ongevalsletsels in huis
door hete vloeistof verbrandingen en woonelementen in de Verenigde Staten?
Voordat we een letselprobleem kunnen aanpakken, moeten we zowel de
oorzaken, als de omvang van het probleem alsmede de omstandigheden waarin
de letsels plaats hebben gevonden identificeren. Hiermee begrijpen we beter
hoe gevaarlijkste letsels kunnen worden voorkomen. Het National Electronic
Injury Surveillance System (NEISS) van de Consumer Product Safety
Commission (CPSC) is het primaire instrument voor de monitoring van letsels
door consumentenproducten in de VS. In deel één van dit proefschrift gebruiken
we het NEISS-systeem om de ziektelast van ongevalsletsels in huis door hete
vloeistof verbrandingen en woonelementen (bijvoorbeeld deuren, spijkers en
muren) te onderzoeken. (Hoofdstuk 2-3)

In hoofdstuk 2 werden met behulp van het NEISS-systeem 2.104 hete vloeistof
verbrandingen tussen 2009 en 2012 geidentificeerd. Dit resulteerde in een
schatting van 11.028 hete vloeistof verbrandingen per jaar bij kinderen jonger
dan 3 jaar oud in de VS. Een analyse van de casusbeschrijvingen resulteerde in
de identificatie van hieraan bijdragende factoren, waaronder koken, in bad gaan
en het drinken van hete vloeistoffen. In hoofdstuk 3 werd gebruik gemaakt van
de data in het NEISS-systeem om ongevalsletsels die verband houden met
woonelementen te kwantificeren bij kinderen jonger dan 18 jaar die werden
behandeld op een spoedeisende hulp (SEH) afdeling van een Amerikaans
ziekenhuis. Deze studie identificeerde twaalf woonelementen (badkuip, kast,
tapijt, plafond/ muur, aanrecht, deur, hek, vloer, spijker, veranda, trap en raam)
als de belangrijkste oorzaken van letsels die tot een bezoek aan de SEH en/of
ziekenhuisopname leiden.

Het tweede deel van dit proefschrift maakt gebruik van de tweede stap van de
volksgezondheidsbenadering: het identificeren van risico's en beschermende
factoren. Hiermee werd onderzoeksvraag 2 beantwoord: wat zijn de belangrijkste
risicofactoren en beschermende factoren voor letsels door brandwonden en
woonelementen in de huizen van gezinnen met een laag inkomen?

Hoofdstuk 4 beschreef het potentiéle voordeel van een uitgebreide vragenlijst om
de rapportage van het gebruik van rookmelders te verbeteren. Respondenten
waren ouders van kinderen die werden behandeld op een SEH afdeling en waren
gerekruteerd voor een onderzoek. Aan deze respondenten werden eerst twee
vragen gesteld, die de korte versie van de vragenlijst vormden. Daarna kregen
Zij een uitgebreide versie voorgelegd, waarin hen werd gevraagd het aantal
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verdiepingen in hun huis te identificeren en vervolgens voor elke verdieping aan
te geven of er een rookalarm aanwezig was, of deze werkte en hoe men wist dat
deze werkte. De antwoorden werden samengevat om twee variabelen te creéren
die vergelijkbaar zijn met de items op het korte formulier: een werkend rookalarm
en een werkend rookalarm op elke verdieping. Antwoorden van de korte en
uitgebreide formulieren werden vergeleken met behulp van een Kuder-
Richardson-test, een maat voor de interne consistentie van binomiale gegevens.
Uit een vergelijking van de antwoorden tussen de twee versies bleek dat
respondenten meer werkende rookmelders (96% versus 85%) en meer
werkende rookmelders op alle verdiepingen (92% versus 73%) rapporteerden in
de korte versie ten opzichte van de uitgebreide vragenlijst. Onze resultaten laten
zien dat de formulering van en het aantal vragen over rookmelders invioed had
op de antwoorden van respondenten; waarschijnlijk heeft de uitgebreide
vragenlijst geleid tot een nauwkeuriger rapportage van de aanwezigheid en
functionaliteit van rookmelders.

Hoofdstuk 5 rapporteert over een observationeel onderzoek dat is uitgevoerd om
het verband te onderzoeken tussen het wonen in suboptimale huizen en het risico
op huisbranden en brandwonden bij gezinnen die wonen in buurten met een laag
inkomen. Uit dit onderzoek bleek dat vrijwel alle woningen (99%) niet voldeden
aan de geldende eisen voor een goede woningkwaliteit en dat er een verband
bestond tussen de kwaliteit van woningen en het risico op brandwonden.

Hoofdstuk 6 breidt ons begrip uit van risico's en beschermende factoren voor hete
vloeistof verbrandingen door kraanwater door middel van observaties tijdens
huisbezoeken. Deze studie werd uitgevoerd in 976 huizen in stedelijke gebieden
met een laag inkomen. De resultaten lieten zien dat de temperatuur van warm
water onveilig was in 41% van de huizen. Huiseigenaren hadden meer kans op
een veiligere warmwatertemperatuur (<49 °C / 120 ° F) dan huurders (63%
versus 54%, p <0,01). Deze resultaten suggereren dat warmwater temperaturen
gevaarlijk hoog blijven in een aanzienlijk deel van de huizen in stedelijke
gebieden met een laag inkomen, ondanks de introductie van vrijwillige normeren
en instellen van de watertemperatuur door de fabrikanten. Hoofdstuk 7
rapporteert over een kwalitatief onderzoek, uitgevoerd bij ouders van kinderen
met een ongevalsletsel. Hierin werden kenmerken van de opgelopen
verwondingen in kaart gebracht en werden de opvattingen van ouders
geinventariseerd over beschermende maatregelen die mogelijk letsel hadden
kunnen voorkomen, en over maatregelen om toekomstige letsels te voorkomen
door verbetering van de veiligheid in huis. Het meest voorkomende
letselmechanisme was een val (46%) en het meest voorkomende betrokken
lichaamsdeel was het hoofd/ nek / aangezicht (62%). In bijna alle gevallen
konden ouders een factor noemen die volgens hen had bijgedragen aan het
ontstaan van het letsel: bij 35% een kenmerk van het huis; 33%
woninginrichting, 11% voedsel / drank en 8% speelgoed. Ouders noemden
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diverse preventiestrategieén. Van de 110 voorgestelde preventiestrategieén, gaf
40% een aanbeveling aan om de veiligheid van de omgeving te verbeteren (bijv.
gevaarlijke producten goed opbergen, 31% een gedragsverandering van het kind
(bijv. door nieuwe regels) en 29% voor meer toezicht. Negenenvijftig ouders
(57%) meldden dat ze iets hadden veranderd na het ongevalsletsel van hun kind:
51% veranderde de omgeving, 27% verwijderde of verving een bepaald product
en 10% verhoogde het toezicht. Veiligheidsveranderingen die door ouders
worden gemeld om herhaling van ongevalsletsels in huis te voorkomen, kunnen
toekomstige preventiemaatregelen - aangeven met een grotere kans om in de
toekomst door andere ouders te worden toegepast.

Deel drie van dit proefschrift maakt gebruik van de derde stap van de
volksgezondheidsbenadering: het ontwikkelen en evalueren van
preventiestrategieén. Hiermee werd onderzoeksvraag 3 beantwoord: Hoe
effectief was het “Johns Hopkins Home Safety Project” in het verbeteren van de
veiligheid in huis? Dit deel van het proefschrift presenteert de resultaten van het
Johns Hopkins Home Safety Project, een gemeenschapsinterventiestudie gericht
op het verminderen van het risico van brand en brandwonden in de huizen van
stedelijke families in Baltimore. Hoofdstuk 8 rapporteert over de effectiviteit van
dit project in het verhogen van de acceptatie van installatiebezoeken door
brandweerkorpsen. De brandweer werd hierbij in de interventiegroep versterkt
met gezondheidswerkers Bij aanvang van de studie had 60% van de huizen
geen werkende rookmelders op elke verdieping van hun woning; 44% had
onveilige watertemperaturen; en 72% had geen koolmonoxidemelders.
Bewoners in de gemeenschap met versterking van de brandweer met
gezondheidswerkers, lieten de brandweermannen significant vaker in hun huizen
binnen (75% versus 62%) dan bewoners in de gemeenschap zonder deze
versterking. In de huizen waar een installatiebezoek kon worden uitgevoerd, was
hierna in de versterkte gemeenschap significant vaker een werkende rookmelder
op elke verdieping van het huis aanwezig (84% versus 78%). Hoofdstuk 9
rapporteert over het effect van het toevoegen van voorlichting over
brandwondenpreventie aan het huisbezoek van de brandweer. We evalueerden
of huishoudens die deze voorlichting hadden gekregen veiliger gedrag lieten zien
ten aanzien van warm water in vergelijking met huishoudens die deze voorlichting
niet hadden gekregen. De warmwatertemperatuur en het zelfgerapporteerde
preventiegedrag werden geregistreerd tijdens een baselinebezoek en 6-9
maanden later opnieuw tijdens een vervolgbezoek. Er was geen significant
verschil tussen de twee onderzoeksgroepen in het percentage huishoudens die
hun warmwatertemperatuur hadden aangepast tot veilige niveaus tussen de twee
bezoeken (t = 1,24; P = 0,22). Bewoners die de voorlichting hadden ontvangen,
controleerden vaker hun watertemperatuur (27% versus 11%; P <.01) en
draaiden hun warmwatertemperatuur vaker onder 49 ° C / 120 ° F (43% versus
32%; P = 0,08). Onder degenen die onveilige temperatuurniveaus hadden en de
watertemperatuur niet verlaagden, was de meest voorkomende reden (26%) dat
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ze het "heet water fijn vonden". Deze resultaten laten zien dat watertemperaturen
in veel stedelijke huizen onveilig zijn.

Deel vier van dit proefschrift richt zich op de laatste stap van volksgezond-
heidsbenadering, namelijk het delen van de kennis die vanuit stap 1 t/m 3 tot
stand is gekomen met en breed publiek om de bevindingen te implementeren
buiten de directe gemeenschap die werd gebruikt om de interventies te
ontwikkelen en te evalueren. Deel vier van dit proefschrift beantwoord
onderzoeksvraag 4: Welke strategieén kunnen worden gebruikt om de
implementatie van maatregelen voor veiligheid in huis te verbeteren? In de
hoofdstukken 10 en 11 wordt de kennis die we hebben opgedaan met het gebruik
van de volksgezondheidsbenadering voor een breed publiek gepresenteerd.

Hoofdstuk 10 beschrijft de epidemiologie van letsels door ongevallen in huis. Ook
vat hoofdstuk 10 het bewijsmateriaal samen over preventiestrategieén die
betrekking hebben op de groepen die het grootste risico lopen voor vier van de
belangrijkste oorzaken van letsels door ongevallen in huis: ongevallen bij het
slapen, huisbranden en brandwonden, vergiftigingen en valongevallen. Er
werden effectieve preventiestrategieén geidentificeerd om het aantal letsels of
het risicogedrag te verminderen te verminderen. Het bewijsmateriaal is voor elk
van deze oorzaken samengevat in een selectie van preventiestrategieén . Deze
preventiestrategieén zijn ingedeeld op basis van de vraag of de geévalueerde
uitkomsten letsels of risicogedrag zijn, en op basis van de sterkte van het bewijs
(sterk bewijs, veelbelovend bewijs, aanbevolen praktijk). Hoofdstuk 10 is bedoeld
om letselpreventie te bevorderen en professionals in de gezondheidszorg te
helpen bij het plannen van programma's.

Hoofdstuk 11 rapporteert over de ontwikkeling en het gebruik van het CHASE-
huisbeoordelingsinstrument in een steekproef van 142 huizen van kinderen in
Baltimore in een retrospectieve case control-studie. De ontwikkeling van de
CHASE-tool resulteerde in vijfentwintig letselitems die zijn geordend in twaalf
subdomeinen. Bij gebruik in de steekproef van 142 woningen varieerden de
percentages deelnemers die veilig gebruik lieten zien sterk tussen de CHASE-
items: 0% had medicatie achter slot en grendel, 11% had raambescherming, 90%
had de juiste uitgangen en bij 80% waren de uitgangen vrij van meubels. Het
totaalpercentages veilig gebruik voorspelde de case-status de CHASE-
subdomeinen, in de zin dat de cases met letsels in vergelijking met de niet-
gewonde controles significant minder vaak veilig gebruik lieten zien (b = -3.315, p
= .025). Deze bevinding toonde aan dat het CHASE huisbeoordelingsinstrument
onderscheid kon maken tussen gewonde en niet-gewonde kinderen. Het CHASE-
instrument biedt diverse mogelijkheden om de risico-inventarisatie van huizen te
ondersteunen.
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Hoofdstuk 12 bevat een algemene discussie, inclusief een beschrijving en
interpretatie van de belangrijkste bevindingen, methodologische overwegingen,
implicaties voor beleid en praktijk en aanbevelingen voor toekomstig onderzoek.

Alle onderzoeken gepresenteerd in dit proefschrift en het National Electronic
Injury Surveillance System zijn gebaseerd op populaties in de Verenigde Staten
die de generaliseerbaarheid beperken. De literatuur die in dit proefschrift wordt
aangehaald, is gebaseerd op onderzoek in de Europese Unie, het Verenigd
Koninkrijk, Canada en Australi& om een meer internationale bewijsbasis voor de
preventie van letsels door ongevallen in huis te weerspiegelen.

We concluderen dat letsels door ongevallen in huis een aanzienlijke impact op de
volksgezondheid in de Verenigde Staten hebben. De volksgezondheidsbenadering
is een waardevolle bandering om de ziektelast van deze letsels mee te begrijpen
en aan te pakken. Het gebruik van de volksgezondheidsbenadering heeft
waardevolle inzichten opgeleverd over de ziektelast en risicofactoren die
samenhangen met letsels door ongevallen in huis. Veel van de onderzochte
verwondingen zijn te voorkomen. Een gezamenlijke inspanning en codérdinatie
tussen meerdere sectoren, waaronder clinici, afleggers van huisbezoeken,
brandweer- en veiligheidsprofessionals en het huisvestingsdomein is nodig voor
een complete aanpak van de ziektelast van letsels door ongevallen in huis.
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