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Abstract
Background—More needs to be known about the prevalence of risk and protective factors for
fires, burns, and carbon monoxide poisoning in U.S. households.

Methods—A random-digit-dial survey was conducted about home safety with 1003 respondents
representing households in the continental United States. Descriptive statistics assess the
prevalence of risk and protective factors for fires, burns, and carbon monoxide overall, and by
demographic characteristics, household structure, region, and residential tenure. The data were
weighted to adjust for nonresponse and to reflect the U.S. population.

Results—Although most respondents reported having a smoke alarm (97%), and 80% reported
having one on each level of their home, <20% reported checking the alarm at least every 3
months. Seventy-one percent reported having a fire extinguisher, 29% had a carbon monoxide
detector, and 51% of those living with at least one other person had a fire escape plan. Few could
report the temperature of their hot water at the tap (9%), or the setting on the hot water heater
(25%). Only 6% had an antiscald device.

Conclusions—Results suggest that there is much room for improvement regarding adoption of
measures to prevent fires, burns, and carbon monoxide poisoning. Further investigations of the
efficacy of carbon monoxide detectors, fire extinguishers, and escape plans, as well as
effectiveness studies of fire and burn-prevention efforts are needed.

Introduction
Thermal and fire-related injuries, including burns from steam and hot liquids or objects, and
injuries from flames, smoke, fumes, or carbon monoxide from a fire, are important public
health problems. In 2001, there were 3796 deaths resulting from burns and fire-related
injuries in the United States.1 The fire/burns death rate is higher among older adults, young
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children, those in the South, and among people living in manufactured housing, or who have
relatively low incomes.1–5

An additional 498,507 persons experienced serious, but nonfatal, injuries.1,6–8 As with fire/
burns deaths, the nonfatal fire/burns injury rate is higher among young children and older
adults.1,7,9 Children aged <5 years and adults aged >60 years compose about one fourth of
all emergency department visits for burns and fire-related injuries, with scalds as a leading
type of injury.1,7,10–12 Hot tap water is a major cause of scalds, resulting in >3500
emergency department visits each year. Scalds from hot tap water often are more severe than
other types of scalds, because they tend to involve larger portions of the body surface.9

The home is the principal environment in which burns and fire-related injuries occur.13–20

From 1992 to 1999, 90% of fatal fire/burn injuries, and 57% of the injuries requiring
emergency department visits took place in a residential environment.21 Tap water that is
above 120°F represents a scald hazard for young children, older adults, and those with
sensory deprivation.7,10,11,22 Stoves, ovens, space heaters, and other appliances are also
important sources of residential fires and burns.18,23

In addition to being associated with residential fires, heating equipment and other appliances
can result in carbon monoxide poisoning.24–26 Any time a carbon-based fuel (e.g., gas, oil,
kerosene, propane, wood, or charcoal) is burned, carbon monoxide is released. If the
appliance is not working properly, is being used incorrectly, or if there is insufficient
ventilation, dangerous levels of carbon monoxide may be emitted.25–29 Each year in the
United States, there are >200 residential nonfire, nonautomobile carbon monoxide poisoning
deaths, two thirds of which are associated with heating equipment.13,26

Some injuries could be prevented through adoption of specific safety practices. Installation
of smoke alarms on each level of a home is an effective strategy for preventing injuries and
deaths due to residential fire, provided that they are properly maintained.5–7,18,30–32 The
Centers for Disease Control and Prevention (CDC) recommends that the batteries in battery-
operated smoke alarms be changed annually, and that smoke alarms be tested monthly to
ensure that they are working properly.18,23 Installation of carbon monoxide detectors is also
recommended in order to prevent carbon monoxide poisoning.24,25,33,34 Some evidence
suggests that homes with carbon monoxide detectors may have fewer and less severe
episodes of carbon monoxide poisoning.35–37 Maintaining tap water at 120°F is a successful
strategy for reducing scalds.7,38–40 Water temperature can be lowered by adjusting the
thermostat on the water heater or by an antiscald device at the tap.1,9,10,12,41 Although not as
well documented in terms of efficacy, other safety recommendations include keeping a fire
extinguisher in the kitchen for small fires,7,23 and having a fire escape plan for the
household.7,18,23,30

The purpose of this study was to build on what is known regarding safety practices in U.S.
households. Patterns of safety practices were examined among respondents representing a
national sample of households, and variations investigated according to the presence of
young children and/or older adults in the home, annual income, structural characteristics of
the home, presence of carbon-releasing appliances, and region of residence.

Methods
Data for this investigation derive from the State of Home Safety in America (SOHS) study,
which included a national telephone survey conducted with adults to assess the prevalence
of home hazards and injury preventive practices. Respondents were required to be aged ≥18
years and to have a role in making safety decisions for the household. Respondents were
also required to speak English well enough to complete the interview, and to reside in a
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private residence. Those living in group facilities where decisions about safety practices are
often not made at the individual level were excluded (i.e., prisons, nursing homes, assisted
living facilities, barracks, and dormitories). Due to feasibility issues associated with distant
time zones, only households throughout the 48 states in the continental United States (i.e.,
excluding Alaska and Hawaii) were included.

The SOHS survey was conducted for the University of North Carolina (UNC) Injury
Prevention Research Center by the UNC Survey Research Unit (SRU). Using a list-assisted,
random-digit-dial methodology, the SOHS survey was designed to provide a national
probability sample of about 1000 private residences in the United States. The sampling
frame was purchased from GENESYS Sampling Systems (Fort Washington PA).
GENESYS develops sampling frames by routinely compiling area code–exchange
combinations from the master file of telephone exchanges, which includes both published
and unpublished numbers. Only those area code–exchange combinations serving residential
numbers are retained in the GENESYS data file. In order to develop the sampling frame for
the SOHS survey, a systematic sample of numbers was drawn from the GENESYS data file.

The data collection instrument was developed, pilot tested, and refined by the investigators
in consultation with SRU. It was designed to elicit information about several issues
important to home safety, including fires, burns, poisoning, and falls. Questions were
designed to identify the presence of potential hazards in the home (e.g., gas appliances) as
well as the presence of safety devices (e.g., carbon monoxide detectors, smoke alarms).
Additional information was collected about (1) characteristics of respondents and
individuals in their households (e.g., gender and ages of persons in the household, income
level, home ownership status); (2) features of the home (e.g., type of structure, number of
floors); and (3) geographic region.

Before commencement of data collection, letters describing the study were sent to all
respondents in the sampling frame in order to give advance notice that someone would be
calling their home. Interviewing took place from March 27, 2002 through June 13, 2002.
The instrument had 92 items and an average administration time of 10 minutes. Data were
collected using computer-assisted telephone interviewing technology (CATI), an interactive
database system that presents each item to be read aloud by the interviewers on a computer
monitor, and shows clarifying notes about administration of items. As with all CATI-
administered surveys, interviewers entered respondents’ answers into the computer during
administration.

Telephone numbers were randomly selected for calling from the sampling frame. Trained
staff at SRU interviewed whichever adult answered the telephone, provided that he/she met
the study criteria. Interviewers made calls at different times of day and on different days of
the week, with up to 20 callbacks made to each identified number. The advance letter, data
collection instrument, and all administration procedures were reviewed and approved by the
Institutional Review Board at the University of North Carolina School of Public Health.

Data from the interviews were downloaded into a data set for statistical analysis. Sample
weights were computed in two stages in order to account for nonresponse and facilitate valid
projections to U.S. households. In the first stage, a pseudo-selection probability weight was
computed to account for differential probabilities of selection based on the presence of one,
versus more than one, telephone lines per household, excluding those lines used exclusively
for a home business, personal computer, or a fax machine. The second stage was a
poststratification adjustment weighted to match March 2001 Current Population Survey
data42 on presence of a child aged <7 years of age, presence of an adult aged ≥70 years, and
home ownership status. These variables were selected because they were expected to be
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correlated with survey measures of interest, and because they were characteristics of
households rather than respondents, as households were the unit of analysis.

Data were analyzed using the SAS statistical package, version 8 (SAS Institute, Cary NC
2000). Descriptive statistics were generated to demonstrate the distribution of risk and
protective factors for fires, burns, and poisonings within the households. Weighted point
estimates of the proportion of individuals responding affirmatively to each variable were
reported, with 95% confidence intervals, and the unweighted number of affirmative
responses.

Results
Survey Response and Representativeness

Of the 1539 individuals identified as eligible to participate in the SOHS survey, interviews
were completed with 1003 (65%). There were 498 refusals, 38 incomplete interviews, and
1144 unanswered calls for which eligibility could not be determined (e.g., busy signal, no
answer on repeated calls, answering machine). In addition, there were 1942 calls attempted
to telephone lines determined to be no longer in service, used for dedicated fax lines, or at
which respondents could not communicate in English. Assuming that all calls for which
eligibility could not be determined had a distribution of eligibility equivalent to that of calls
for which eligibility was determined, the response rate was 50%. The rate was calculated
using the American Association of Public Opinion Research’s RR3 formula.43 The sample
(n = 1003) was somewhat more affluent than the overall population, with fewer from the
sample in the lowest income category. The prevalence of owner-occupied homes for those in
the sample (68.0%) was slightly lower than the prevalence of home ownership in the United
States (74.1%).44

Smoke Alarms
Almost all respondents (97%) reported having at least one smoke alarm in the household,
and 80% had smoke alarms on each level of their home. Households contained a variety of
types of smoke alarms, with 65% reporting that their households had at least one battery-
operated alarm (25% electric). Eighty-five percent of respondents indicated that they tested
their smoke alarms at least once per year, and 20% indicated that they tested it at least every
3 months. Those with battery-operated smoke alarms in their homes, or with electric and
battery-operated smoke alarms, were more likely to report checking their smoke alarms
annually (86%), as compared to those with electric smoke alarms only (78%).

Fire Extinguishers and Fire Escape Planning
Nearly 69% of respondents reported having fire extinguishers, with the lowest proportion
among those residing in apartments (41%). Those with higher annual incomes were more
likely to have fire extinguishers (Table 1). The examination of escape planning was
restricted to those households with more than one resident (n = 814), because of the
assumption that escape planning has a different character when one lives alone versus with
others. Among this subset, 51% of respondents reported having discussed a fire escape plan
with the other members of the household. Interestingly, fire escape planning was least
common among households with residents aged ≥70 (38%) and among those living in
apartments (31%) (Table 1).

Carbon Monoxide Detectors
Only 29% of respondents reported the presence of a carbon monoxide detector in their
homes and did not vary much by household demographics. Carbon monoxide detectors were
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most common in the Midwest (43%), among those with an annual income of >$50,000
(34%), and among those living in owner-occupied homes (36%) (Table 1).

Hot Water Temperature
Only one fourth of respondents indicated that they knew the temperature of the thermostat
setting of their hot water heaters. Even fewer (9%) indicated they knew the temperature of
their hot water at the tap. Only 6% reported the presence of an antiscald device in their
homes.

Heating Sources and Gas Appliances
The majority of respondents reported that gas was the primary heating source for their
homes (54%). Gas was also the most common primary heating source in each region except
the South, in which electricity was the most common primary heating source (54%).
Although fuel oil as a primary heating source was rare in the South (3%), Midwest (4%),
and West (3%), it was much more common in the Northeast (37%). Use of gas for heating or
in appliances was most common among those with higher versus lower incomes (60% vs
46%), those who lived in houses vs other types of dwellings (61% vs 56%), and among
owner-occupied versus rented homes (58% vs 52%).

Thirty-one percent of respondents said that they used fireplaces or wood stoves, while 22%
indicated that they used electric space heaters. Not surprisingly, use of wood stoves and
fireplaces was most common among those with higher incomes (44%), those in houses
(39%), those in duplexes or townhouses (26%), and in owner-occupied homes (39%). Use of
kerosene heaters was rare overall (3%), although use was higher among those in modular or
manufactured homes (11%). The presence of a fire extinguisher, smoke alarm, or fire escape
plan did not vary substantially across household by the type of heating sources and presence
of gas appliances in the home (Table 2). However, those with gas appliances, a fireplace or
wood stove, or gas as primary heating source, were the most likely to report having carbon
monoxide detectors (respectively, 35%, 36%, and 38%).

Discussion
The reported prevalence of smoke alarms in the homes of respondents (97%) was slightly
higher than the 1991 estimate by the CDC that 91% of households had a least one smoke
alarm,30 which suggests that efforts to increase smoke alarm usage in the United States over
the past decade have been successful. However, an estimated 3 million U.S. homes are still
without smoke alarms,45 putting the residents at unnecessary risk in the event of a fire. In
2000, there was no smoke alarm present in more than half of all residential fires.45

An additional issue is that, in many homes, smoke alarmsmay not be in working condition,
and thus offer no benefit in the event of a fire. Thus, addressing the long-term maintenance
of smoke alarms is a critically important, but possibly overlooked, aspect of fire
prevention.46 In an intervention study in Oklahoma City, Mallonee et al.47 found that only
45% of installed smoke alarms were still functioning after 4 years. Similarly, a recent study
in Britain showed that only one half of the smoke alarms installed during a randomized
controlled trial were functioning 15 months later.48 Monthly checking of alarms is
recommended, yet <10% of respondents reported checking alarms with this frequency. Data
from the Behavioral Risk Factor Surveillance System indicate that the statewide prevalence
of checking smoke alarms monthly ranges from 31% in Colorado to 51% in Tennessee, with
a median of 40%.49 Rowland et al.48 found that households with ionizing smoke alarms
using long-life lithium batteries were most likely to remain functioning, suggesting that
lithium-powered alarms may be the preferred type to promote.
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The benefits of carbon monoxide detectors are less well established, although several studies
suggest that they have beneficial effects.35–37 Lessons learned from the successful
promotion of smoke alarms to almost universal coverage could be applied to the promotion
of carbon monoxide detectors. However, further research is needed to determine the
circumstances under which carbon monoxide detectors are helpful, and what types of
detectors are appropriate to recommend or mandate.

Public health and fire officials have long endorsed fire escape planning, despite the lack of
published data to support effectiveness. Earlier national estimates indicate that as many as
60% of households do report escape planning, yet the data revealed that only about half of
those living with others had made a plan.30 It is possible that this discrepancy is a function
of restricting this question to households in which more than one person lived. Other studies
in specific populations have yielded a wide variation in the practice of determining a
preplanned fire escape route, from 15.1% of households in inner-city Philadelphia to 97.2%
of patients in a University of Kentucky geriatric clinic.50–53

Respondents in the study reported a higher prevalence of having a fire extinguisher (69%)
compared to figures of <60% in other studies.31,32,40,54 In addition, although no national
estimate of carbon monoxide detector use could be found for comparison, the data indicate
that far less than half of all households are equipped with such a detector; presence of
detectors in homes where risks may be greater due to types of fuel used is also low.51,55,56

Further examination of the effectiveness of carbon monoxide detectors and fire
extinguishers could help guide decisions by public health officials about the importance of
continuing to recommend usage and, if proven effective, could guide development of efforts
to increase usage.

The results on hot water temperatures are consistent with another national survey conducted
by the CDC’s National Center for Injury Prevention and Control, which revealed that only
23% of U.S. households with children aged <18 knew the temperature of their hot tap water.
Of those who knew the temperature, only 9% reported that it was <125°F.31 In contrast, in a
study of parents taking a child aged <6 to the pediatric emergency room, 65% of the 221
participants reported that their hot tap water was ≤120°F.57 Studies in which the temperature
of hot tap water was actually measured generally found higher prevalence of dangerous hot
water temperatures.51,56,58–60 Only one study could be located that investigated the
prevalence of installation of thermoregulation (i.e., “antiscald”) devices on faucets. That
study examined the residences of older adults and concluded that only 2 out of 39 total study
participants had antiscald devices.12

The presence of safe hot water temperatures is hard to determine, and may need to be
assessed via observational rather than survey methods. Numerous barriers to controlling
temperature of hot water in one’s home have been identified,61 and studies that assess these
barriers could assist in planning targeted prevention programs. In addition, many parents of
young children may simply be unaware of the danger of hot tap water to their children.60

This research was limited to homes meeting specific eligibility criteria, and does not
represent all households in the United States, particularly those in which residents do not
speak English and those outside the continental United States. At least one analysis suggests
that homes with Latino immigrants may be at higher risk of fires and carbon monoxide
poisoning,36 indicating the need for special safety promotion approaches with this group. In
addition, the response rate of 50%, while not unusual for a telephone survey, may have
biased the findings if those who responded were either more or less likely to practice the
safety behaviors in question. People who spend more time at home are both more likely to
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be available for telephone interviews and to experience higher exposure to home hazards.
Unfortunately, this study does not assess exposure to the home environment.

Despite these limitations, the results point to the need to continue efforts to address fire,
burn, and carbon monoxide safety issues. The high proportion of homes having smoke
alarms is encouraging, although full compliance with recommendations of having alarms on
multiple levels of the home and checked frequently is still in need of improvement. In
addition, needs exist for understanding how best to address issues of carbon monoxide
exposure and detection, and to examine further the development, use, and effectiveness of
fire escape planning and use of fire extinguishers so as to develop appropriate public health
interventions.
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Table 1

Prevalence of preventive practices for residential fires, burns, and carbon monoxide poisoning, by selected
characteristics, United States, 2002 (unweighted n = 1003)a

Proportion of households with:

Unweighted
n of

respondents

Fire
extinguisher
Weighted
percentage
(95% CI)

Smoke alarm
Weighted
percentage
(95% CI)

Fire escape
planb
Weighted
percentage
(95% CI)

Carbon-monoxide
detector
Weighted
percentage
(95% CI)

Annual household incomec

    <$50,000 438 59.6 (54.9–64.4) 95.4 (93.4–97.3) 43.1 (37.5–48.7) 23.1 (19.1–27.1)

    ≥$50,000 428 78.9 (74.8–83.0) 97.9 (96.5–99.3) 56.8 (51.6–61.9) 34.2 (29.6–38.9)

Household composition

    Child aged ≤6 years 197 69.7 (63.0–76.5) 94.6 (91.1–98.1) 54.5 (47.3–61.7) 30.9 (24.2–37.5)

    Adult aged ≥70 years 148 67.3 (59.4–75.2) 97.5 (95.0–99.9) 37.8 (27.8–47.7) 28.0 (20.7–35.4)

    No children aged ≤6 years or adults ≥70
years

514 73.2 (69.1–77.2) 96.9 (95.4–98.4) 52.8 (48.4–57.3) 31.5 (27.4–35.6)

Structure of home

    House 698 76.2 (72.9–79.5) 96.4 (94.9–97.8) 55.4 (51.4–59.5) 34.9 (31.2–38.5)

    Modular/manufactured 67 72.9 (62.0–83.8) 99.1 (97.5–100.0) 49.0 (35.9–62.2) 16.3 (7.1–35.6)

    Apartment/apartment-type 164 41.2 (33.5–48.8) 95.8 (92.9–98.8) 31.0 (21.4–40.7) 16.5 (10.8–22.2)

    Duplex/townhouse 74 72.2 (61.7–82.6) 99.4 (98.1–100.0) 39.6 (25.8–53.3) 20.5 (11.3–29.7)

Residential tenure

    Owner-occupied property 747 78.1 (75.1–81.2) 97.4 (96.3–98.6) 56.7 (52.7–60.7) 35.7 (32.2–39.2)

    Rental property 243 47.2 (40.8–53.6) 95.2 (92.7–97.8) 34.7 (27.5–41.9) 13.8 (9.4–18.2)

Region of residenced

    Northeast 211 66.9 (60.1–73.7) 97.9 (96.0–99.8) 50.7 (42.8–58.6) 36.3 (29.7–42.9)

    Midwest 247 72.3 (66.4–78.2) 98.6 (97.0–100.0) 56.6 (49.6–63.6) 43.2 (36.9–49.6)

    South 348 68.3 (63.1–73.4) 94.7 (92.3–97.0) 48.5 (42.5–54.6) 20.7 (16.4–25.0)

    West 197 66.0 (59.0–72.9) 96.4 (93.7–99.1) 46.6 (38.6–54.6) 17.4 (11.9–22.9)

Total 1003 68.5 (65.5–71.5) 96.7 (95.5–97.8) 50.6 (47.1–54.6) 28.8 (25.9–31.6)

a
Percentages weighted by presence of multiple phone lines, any person aged ≤6 years, any person aged ≥70 years, and tenure (owner-occupied vs

rental) in the overall population of U.S. households, excluding Alaska and Hawaii.

b
Restricted to respondents who live with at least one other person (n = 814).

c
Eighty-six percent of respondents reported their incomes.

d
Northeast (CT, MA, ME, NH, NJ, NY, PA, RI, VT); Midwest (IA, IL, IN, KS, MI, MN, MO, ND, NE, OH, WI); South (AL, AR, DC, DE, FL,

FA, KY, LA, MD, MS, NC, OK, SC, TN, TX, VA, WV); West (AZ, CA, CO, ID, MT, NM, NV, OR, UT, WA, WY).

CI, confidence interval.
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Table 2

Prevalence of preventive practices for residential fires, burns, and carbon monoxide poisoning, by type of
heating sources and appliances, United States, 2002 (unweighted n = 1003)a

Primary heating sources Supplemental heating sources
Any gas

appliance

Gas Electric heat Fuel oil Space heater Kerosene heater Fireplace/woodstove

Safety practices nb

Weighted
percentage
(95% CI) n

Weighted
percentage
(95% CI) n

Weighted
percentage
(95% CI) n

Weighted
percentage
(95% CI) n

Weighted
percentage
(95% CI) n

Weighted
percentage
(95% CI) n

Weighted
percentage
(95% CI)

Fire extinguisher 397 70.3 (66.3–74.3) 191 61.9 (56.1–67.7) 86 76.3 (67.6–85.0) 154 70.6 (64.1–77.1) 30 87.9 (76.7–99.0) 270 80.2 (75.7–84.7) 372 68.4 (64.2–7)

Smoke alarm 532 96.8 (95.3–98.3) 287 97.3 (95.5–99.2) 105 97.7 (95.0–100.3) 201 95.3 (92.3–98.2) 33 98.3 (95.1–101.6) 326 97.9 (96.3–99.5) 503 95.8 (94.0–9

   Checked at least
annuallyc

444 80.8 (77.4–84.2) 238 80.0 (75.3–84.8) 88 79.5 (71.4–87.6) 161 76.3 (70.4–82.2) 31 92.0 (82.9–101.0) 271 81.1 (76.8–85.4) 415 79.0 (75.4–8

Smoke alarm on each
levelc

426 77.5 (73.9–81.1) 261 89.2 (85.7–92.7) 74 69.2 (60.2–78.2) 154 72.7 (66.5–78.9) 28 82.1 (68.8–95.4) 259 76.9 (72.2–81.6) 401 76.3 (72.5–8

Fire escape pland 236 48.4 (43.7–53.1) 111 47.9 (41.1–54.6) 54 64.3 (53.5–75.1)   85 48.3 (40.6–56.1) 22 67.1 (49.8–84.5) 186 61.4 (55.7–67.2) 225 48.2 (43.3–5

Carbon monoxide detector 220 38.4 (34.3–42.6)   39 13.3 (9.3–17.2) 33 28.8 (20.1–37.5)   64 29.0 (22.8–35.2)   7 20.3 (6.7–33.9) 123 36.4 (31.0–41.7) 192 35.2 (31.0–3

a
Percentages weighted by presence of multiple phone lines, any person aged ≤6 years, any person aged ≥70 years, and tenure (owner-occupied vs

rental) in the overall population of U.S. households, excluding Alaska and Hawaii.

b
Unweighted number of respondents.

c
Restricted to those who reported the presence of at least one smoke alarm.

d
Restricted to those with more than one person living in their home (n = 814).

CI, confidence interval.
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