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Objective: The National Fire Protection Association (NFPA) has specific recommendations about the
number, location, and type of smoke alarms that are needed to provide maximum protection for a
household. No previous studies have examined whether or not homes are completely protected according
to these guidelines. The authors describe the prevalence and home characteristics associated with
compliance to recommendations for smoke alarm installation by the NFPA.
Design, setting, and subjects: Data are from the baseline on-site survey of a randomized trial to measure
smoke alarm effectiveness. The trial was housed in a longitudinal cohort study in a rural Iowa county. Of
1005 homes invited, 691 (68.8%) participated.
Main outcome measures: Information about smoke alarm type, placement, and function, as well as home
and occupant characteristics, was collected through an on-site household survey.
Results: Although 86.0% of homes had at least one smoke alarm, only 22.3% of homes (approximately
one in five) were adequately protected according to NFPA guidelines. Fourteen percent of homes had no
functioning smoke alarms. More than half of the homes with smoke alarms did not have enough of them or
had installed them incorrectly, and 42.4% of homes with alarms had at least one alarm that did not
operate. Homes with at least one high school graduate were nearly four times more likely to be fully
protected. Homes that had multiple levels, a basement, or were cluttered or poorly cleaned were
significantly less likely to be fully protected.
Conclusion: These findings indicate that consumers may not be knowledgeable about the number of
alarms they need or how to properly install them. Occupants are also not adequately maintaining the
alarms that are installed.

A
ccording to the National Fire Protection Association
(NFPA), US fire departments respond to a fire every 19
seconds.1 In 2002, an estimated 401 000 home fires

occurred in the US, killing 2695 civilians (one per 100 000),
injuring an estimated 14 050, and causing more than
$6 billion in damage.1 Fire deaths and injuries have
decreased in the last 20 years, yet home fires still cause
79% of all fire deaths and 68% of fire injuries.1 2 The fire death
rate is 36% higher in rural than urban areas.2

Most home fire deaths occur from smoke inhalation—
often before flames engulf the home.3 Smoke alarms, when
properly installed and maintained, are one of the most
effective ways to prevent deaths and injuries from fires.4

Home smoke alarms reduce the risk of dying in a fire by
half.5 6 However, nearly one third of home fires in the US
occur in homes without functioning smoke alarms.6–9 The
proportion of all US homes with smoke alarms is lower in
rural areas (85.8%) than in urban areas (92.9%).10 11 Existing
research on smoke alarm ownership focuses on whether or
not homes have at least one smoke alarm. While most studies
measure the presence of at least one functional smoke
alarm,9 10 12–15 others measure the presence of an alarm
without regard to function.16–19 Most of these studies are
based on self report of smoke alarm ownership and function,
usually over the telephone,10 13 16–19 and only a few are based
on home inspections.4 9 14 15

These studies have found a wide range of smoke alarm
ownership, from a low of 16% in a 1996 home inspection
program in a low income inner city London neighborhood15 to
a high of 97% reported through a weighted national phone
survey.19 One study found that only 54.4% of London homes
had functional smoke alarms upon home inspection even

after smoke alarms had been installed through a research
study 15 months earlier.14

Only three studies have examined smoke alarm location,
all of which asked through phone interview about the
presence of smoke alarms on each floor. Although smoke
alarm ownership was over 90% in all three studies, 14–20% of
homes lacked an alarm on each level.10 16 19

Homes may not be adequately protected even if at least one
working smoke alarm is present. The National Fire Protection
Association requires, at a minimum, at least one alarm on
every level of the structure, one by each sleeping area, and
has further requirements about the exact location, types, and
mounting for each alarm.20 To date, no study has examined
the proportion of homes that meets these NFPA requirements
to be fully protected by smoke alarms. In this study, we use
data from home inspections in a rural Iowa county to identify
the prevalence and characteristics of homes that are
protected by smoke alarms according to NFPA guidelines.

METHODS
Study population and design
Household smoke alarm inspections were conducted as part
of the baseline survey of a randomized trial to study smoke
alarm effectiveness. The trial was nested within a long-
itudinal cohort study that has been described previously.21

For the smoke alarm trial, letters of invitation were sent to
the 1187 households that had participated in either the first
or second round of the cohort study. Of these, three (0.3%)
cohort participants had died, two had moved out of the
county (0.2%), and 177 (14.9%) could no longer be located.

Abbreviation: NFPA, National Fire Protection Association.
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Of the 1005 households that were located, 691 (68.8%)
agreed to participate. Both the cohort study and smoke alarm
trial were approved by the University of Iowa Human Subject
Protection Committee.

Data collection
Households participating in the smoke alarm trial were
visited by a trained researcher. Participants responded to a
baseline survey which contained questions on demographic
and household characteristics, smoking in the home,
previous fires, and fire safety practices. Before installing
study alarms, researchers examined the placement and
function of existing smoke alarms. Alarm function was
tested using artificial smoke. Researchers were trained on the
National Fire Protection Association guidelines for smoke
alarm installation,20 and assessed at baseline if each home
was protected by smoke alarms according to these guidelines.
Homes that met guidelines were considered to be fully
protected, and those not meeting guidelines were not.
Homes were considered to be damaged or poorly main-

tained if they had any of the following: holes in the structure,
including windows; visible water damage; peeling paint;
excessively overgrown yard (excluding long grass); or general
dilapidation. Homes were considered to be poorly cleaned or
cluttered if they had any of the following: visible dirt and/or
stains on walls or furniture; food left out that was visibly
rotten; piled-up unclean dishes; or clutter that prevents
access to furniture or movement through the room.
Supplemental heating sources included the use of wood or
coal burning fireplaces or stoves.
Information about education, income, alcohol use, and

depression were obtained from the original cohort data. The
time lag between data collection for the original cohort and
the baseline survey was less than 24 months for the majority
of households, and household composition remained largely
stable. Data for the cohort study were collected during a
private interview by a trained nurse in a study clinic that is
located in the county’s largest town. Alcohol use was
measured using the CAGE questionnaire, and positive
responses to two or more items were considered a potential
alcohol problem.22–24 Depressive symptoms were measured
using the 11 item short version of the CES-D Depression
Scale. Individuals with a score of eight or more were
considered to have depressive symptoms.25 26 For this study,
households were considered positive for potential alcohol
problems or depressive symptoms if any adult in the
household was positive.

Analysis
Risk ratios were calculated to predict the binary outcome of
whether or not the home was fully protected according to
NFPA guidelines. Independent variables were chosen based
on their association with smoke alarm ownership in previous
literature. Risk ratios were calculated with the log binomial
model using PROC GENMOD run on SAS version 8.2 (SAS
Institute Inc, Cary, NC, USA). The log binomial model was
used to directly estimate risk ratios with an outcome that is
not rare.27

After examining independent variables based on previous
literature, we developed a multivariate model that best
predicted full protection by NFPA guidelines. All variables
that were significant with an alpha level of 0.10 were tested
for inclusion in the multivariate model. The final model
included the combination of variables that led to the best
Hosmer and Lemeshow goodness-of-fit statistic.28 For the log
binomial model, goodness-of-fit statistics partition the
predicted values into deciles and then compare expected
with observed values for the group indicator. Thus, an
individual with a high predicted probability of group

membership would be placed in the upper deciles. If the
independent variables are good predictors of the outcome, the
deviance will be close to one and the p value will be large and
insignificant. Variables for the final models were chosen
based on the optimal deviance and p value. A Monte Carlo
simulation using a random 66% sample selection was used to
test the validity of the predictive model.

RESULTS
Of the 691 participating homes, only 154 (22.3%) were
adequately protected by smoke alarms according to NFPA
guidelines (table 1). In order to be completely protected, the
home needed to have alarms installed according to NFPA
guidelines and each alarm had to respond to a test with
artificial smoke. The majority (86.0%) of homes did have at
least one smoke alarm installed, and 495 (71.6%) had at least
one functional alarm. Among the 594 homes with smoke
alarms, 339 (57%) did not have them installed correctly. The
main reason for incorrect installation was the absence of an
alarm on every household level (85%), and not having an
alarm in the basement was the most common. Other
deficiencies in smoke alarm installation (not mutually
exclusive) included alarms placed in incorrect locations
(11%), being incorrectly mounted (8%), and not having the
appropriate alarm features (2%) Although the NFPA guide-
lines specify a number of required features, the 2% in this
sample all failed the single requirement that alarms within
four feet of the kitchen must have a silencing feature. 42.4%
of homes with a smoke alarm had at least one alarm that was
not functioning.
Table 2 lists occupant and home factors that have been

associated with smoke alarm ownership or function in
previous literature and shows their relation with the like-
lihood of a home being fully protected. Among occupant
characteristics, the presence of at least one resident with an
educational status of high school or higher was associated
with a 3.7 times increase in likelihood of being fully
protected. Occupants who reported testing or changing their
smoke alarm batteries within the past six months were more
than two times more likely to be fully protected. The presence
of at least one household member who had depressive
symptoms based on the CES-D Depression Scale were slightly
less likely to be fully protected, and those that were married

Table 1 Smoke alarm installation and function among
691 homes in a rural county

Smoke alarm status n (%)

Alarms were present in the home (n = 691)
Yes 594 86.0
No 97 14.0

Home had at least one functional smoke alarm
(n = 691)

Yes 495 71.6
No 196 28.4

Alarms were installed to meet NFPA guidelines
(n = 594 homes with alarms)

Yes 255 43.0
No 339 57.1

All alarms were functioning* (n = 594 homes with
alarms)
Yes 342 57.6
No 252 42.4

Home was protected according to NFPA
guidelines� (n = 691)

Yes 154 22.3
No 537 77.7

*Smoke alarm function was determined by smoke test.
�Homes were not protected by NFPA guidelines if any of the first three
conditions were not met.
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were slightly more likely to be protected. The remaining
variables showed a weak association with protection status.
Among home characteristics, having either a fire extin-

guisher or carbon monoxide detector in the home was
associated with increased likelihood of being fully protected.
Homes with a basement or multiple levels were less likely to
be fully protected than homes without, as were homes that
were either poorly cleaned or poorly maintained.

The combination of variables that best predicted NFPA
protection status are listed in table 3. Factors associated with
increased likelihood of being fully protected were educational
status, the presence of a carbon monoxide detector, and
changing smoke alarm batteries within the last six months.
Factors associated with decreased likelihood of being fully
protected included homes with multiple levels, homes with a
basement, homes that reported previous fires, and homes

Table 2 Occupant and household factors associated with homes being fully protected by National Fire Protection Association
guidelines

Characteristics

NFPA protection status

Total (%)

Yes No

Risk ratio (95% CI)n (%) n (%)

Occupant characteristics
At least one resident had alcohol problems

Yes 121 (17.5) 28 (23.1) 93 (76.9) 1.04 (0.73–1.50)
No 569 (82.5) 126 (22.1) 443 (77.9) 1.00

At least one current smoker
Yes 110 (15.9) 19 (17.3) 91 (82.7) 0.74 (0.48–1.14)
No 580 (84.1) 135 (23.3) 445 (76.7) 1.00

At least one resident with depressive symptoms
Yes 191 (27.7) 33 (17.3) 158 (29.5) 0.71 (0.50–1.01)
No 499 (72.3) 121 (24.2) 378 (75.8) 1.00

At least one resident is married
Yes 493 (71.4) 119 (24.1) 374 (75.9) 1.35 (0.96–1.90)
No 197 (28.6) 35 (17.8) 162 (82.2) 1.00

Household income >$20,000
Yes 599 (87.4) 137 (22.9) 462 (77.1) 1.31 (0.81–2.12)
No 86 (12.6) 15 (17.4) 71 (82.6) 1.00

At least one resident had high school or higher education
Yes 658 (95.4) 152 (23.1) 506 (76.9) 3.69 (0.96–14.24)
No 32 (4.6) 2 (6.3) 30 (93.8) 1.00

Resident lived alone
Yes 170 (24.6) 32 (18.8) 138 (81.2) 0.80 (0.56–1.13)
No 521 (75.4) 122 (23.4) 399 (76.6) 1.00

Presence of children (0–4 years) in household
Yes 49 (7.1) 10 (20.4) 39 (79.6) 0.91 (0.51–1.61)
No 639 (92.9) 143 (22.4) 496 (77.6) 1.00

Presence of elderly (.64 years) in household
Yes 300 (43.7) 73 (24.3) 227 (75.7) 1.17 (0.88–1.55)
No 386 (56.3) 80 (20.7) 306 (79.3) 1.00

Tested or changed smoke alarm battery in past 6 months
Yes 399 (59.9) 117 (29.3) 282 (70.7) 2.17 (1.54–3.05)
No 267 (40.1) 36 (13.5) 231 (86.5) 1.00

Home characteristics
Residence location

Town 372 (53.9) 78 (21) 294 (79) 0.87 (0.66–1.15)
Others 318 (46.1) 76 (23.9) 242 (76.1) 1.00

Fire extinguisher at home
Yes 474 (69.2) 117 (24.7) 357 (75.3) 1.48 (1.05–2.09)
No 211 (30.8) 35 (16.6) 176 (83.4) 1.00

Carbon monoxide detector at home
Yes 261 (37.9) 73 (28) 188 (72) 1.47 (1.11–1.94)
No 427 (62.1) 81 (19) 346 (81) 1.00

Previous fires at home
Yes 78 (11.3) 15 (19.2) 63 (80.8) 0.84 (0.52–1.36)
No 612 (88.7) 139 (22.7) 473 (77.3) 1.00

Supplemental heating sources in home
Yes 123 (17.9) 30 (24.4) 93 (75.6) 1.12 (0.79–1.59)
No 566 (82.1) 123 (21.7) 443 (78.3) 1.00

Home had basement
Yes 594 (86) 120 (20.2) 474 (79.8) 0.57 (0.42–0.79)
No 97 (14) 34 (35.1) 63 (64.9) 1.00

Home had multiple levels
Yes 361 (52.2) 45 (12.5) 316 (87.5) 0.38 (0.27–0.51)
No 330 (47.8) 109 (33) 221 (67) 1.00

Property damaged or poorly maintained
Yes 103 (15) 11 (10.7) 92 (89.3) 0.44 (0.24–0.78)
No 583 (85) 141 (24.2) 442 (75.8) 1.00

Property poorly cleaned or cluttered
Yes 136 (19.8) 13 (9.6) 123 (90.4) 0.37 (0.22–0.65)
No 550 (80.2) 139 (25.3) 411 (74.7) 1.00

Home ownership
Own 619 (89.8) 143 (23.1) 476 (76.9) 1.47 (0.84–2.57)
Rent 70 (10.2) 11 (15.7) 59 (84.3) 1.00
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that were poorly cleaned or cluttered. This model had a
deviance of 0.96.
A Monte Carlo simulation using a random 66% sample

indicated consistency in the multivariate model estimates
over 10 rounds of sampling. The only variable to drop out of
the model was education, which was not included in three of
the 10 models. This is consistent with the instability of the
estimate for education, which is largely driven by the high
proportion of households that had at least one high school
graduate. The deviance estimates for these 10 rounds ranged
from 0.88 to 0.99.

DISCUSSION
Only 22.3% of homes, or approximately one in five, were
adequately protected according to NFPA guidelines. More
than half of the homes with smoke alarms did not have
enough of them or had installed them incorrectly, and 42.4%
of homes with alarms had at least one alarm that did not
operate. Most homes (86%) had purchased and installed at
least one smoke alarm, and 71.6% of homes had at least one
functional smoke alarm. These findings indicate that the
majority of residents who have put smoke alarms in their
home have not installed them to gain maximum protection.
Studies that report only smoke alarm function, and not
placement, may overestimate the level of fire protection
among households.
Many individual and household characteristics that pre-

vious literature has shown to be associated with the presence
of smoke alarms in the home were weakly associated with
whether or not the home was fully protected. Research to
date suggests that older homes,10 29 30 residents with low
income,10 12 13 16 31 32 low educational levels,10 12 and homes
with smokers12 14 33 are less likely than are other homes to be
protected by a working smoke alarm. Some studies have
found that homes with a young child were more likely to
have a smoke alarm,16 17 and homes with elderly residents
were less likely to have a smoke alarm.13 30 Other studies have
found no association by age of resident.12

Among these variables previously studied in relation to
smoke alarm presence, only educational status was a strong
predictor of full protection. The relation between educational
status and full protection may indicate that information

about the proper number and placement of alarms is not
easily accessible to the general population and may be
difficult to understand for individuals with poor literacy
skills.
Home characteristics including multiple levels, the pre-

sence of a basement, and being poorly cleaned or cluttered
were independently associated with a reduced likelihood of
being fully protected. These home factors have not been
associated with smoke alarm ownership in existing literature.
Larger homes, especially those with basements, require
additional alarms for full protection. Our findings indicate
that residents are not aware of the appropriate number of
alarms needed to protect their households.
Basements may present unique fire hazards because they

are a frequent location for storage of potentially flammable
hazardous substances, such as paints and cleaners. They are
also commonly used for non-permitted sleeping quarters
which may not have appropriate egress. The lack of smoke
alarm coverage in basements is an especially important
consideration in the Midwest, where homes commonly have
basements. Cluttered homes may also pose an increased risk
for fire. Because of a potential fire risk, full smoke alarm
protection is a high priority for these homes.
This study has several important strengths. Measurement

of smoke alarm placement and function was done through
in-home inspection. Most previous studies have relied on self
reported phone interviews, and respondents may overreport
function. Assessment of smoke alarm installation by NFPA
guidelines would be difficult using phone interviews. Smoke
alarm function was measured with a chemical smoke
challenge, and the reported proportion of homes with
functional smoke alarms may thus be lower than studies
that rely on self report.11

This study also has limitations. The low participation rate
reduces the extent to which study households represent the
general population. Study households agreed to participate in
a longitudinal follow up, and homes willing to participate in
such a study may be more likely to have smoke alarms. Thus,
study homes may overrepresent the actual number of homes
that are fully protected in the general population. Study
homes were located in a rural county and are not likely to
represent urban populations. Time dependent variables
collected from the original cohort study, such as alcohol use
and depression, could have changed between participation in
the cohort study and the baseline assessment for the smoke
alarm study.
Our findings indicate that consumers may not be knowl-

edgeable about the number of alarms they need, where they
need to be placed, and how to install them. Information
about installing smoke alarms is available on a number of
websites, such as those maintained by the US Fire
Administration (http://www.usfa.fema.gov/safety/alarms/),
the Home Safety Council (http://www.homesafetycouncil.
org/safety_guide/sg_fire_w005.aspx), the Fire Safety
Council (http://www.firesafetycouncil.com/english/pubsafet/
fasa.htm) and some manufacturers. However, consumers
who do not use a computer or who have low literacy may
have difficulty accessing or understanding this information.
Others may not know that these resources exist.
Agencies that promote fire safety should increase their focus

on installation guidelines. These agencies include local and state
health departments, fire departments, schools, doctor’s offices,
hospitals, burn units, community centers, and safety coalitions.
One focus should be on the development of materials
appropriate for specific communities based on literacy levels
and language preferences. A second focus should be dissemina-
tion of this information through appropriate mechanisms, such
as public media campaigns, community centers, school based
educational programs, or within electric bills.

Table 3 Multivariate binomial model of characteristics
that best predict likelihood of homes being fully protected

Occupant/home characteristics Risk ratio (95% CI)

At least one resident had a high school or higher
education
Yes 3.96 (1.04–15.08)
No 1.00

Tested or changed smoke alarm battery in past
6 months
Yes 1.77 (1.26–2.48)
No 1.00

Previous fires on property
Yes 0.72 (0.49–1.06)
No 1.00

Carbon monoxide detector at home
Yes 1.24 (0.96–1.60)
No 1.00

Home had multiple levels
Yes 0.43 (0.31–0.60)
No 1.00

Property poorly cleaned or cluttered
Yes 0.52 (0.29–0.91)
No 1.00

Home had basement
Yes 0.76 (0.57–1.02)
No 1.00
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Programs that provide smoke alarms at low or no cost
should also focus on the installation of alarms. Although
there have been many successful efforts to provide free or low
cost smoke alarms throughout the country, not all programs
assist with the installation of these alarms.12 31 34 When
possible, smoke alarm give-away programs should try to
assess the number of alarms needed in each participant’s
home based on the number of levels, including the basement,
and the number of sleeping areas. With these efforts, the two
important goals of increasing the number of homes with
working smoke alarms and increasing the number of homes
that are fully protected can be completed together.
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Key points

N Although 86% of the 691 participating homes had a
working smoke alarm, only one in five homes were
adequately protected according to National Fire
Protection Association guidelines.

N Homes with at least one high school or higher
education were nearly four times more likely to be
fully protected, which indicates that information about
smoke alarm installation and placement may be
difficult to obtain or understand for households with
low literacy.

N Homes with multiple levels or with basements were
much less likely to be fully protected. Owners may not
be aware of the number of alarms needed in their
homes, and often fail to consider the fire hazards
frequently found in basements.

N Programs that promote fire safety or smoke alarm use
may be ideal venues to provide easy to understand
information about installation guidelines.

368 Peek-Asa, Allareddy, Yang, et al

www.injuryprevention.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://injuryprevention.bm

j.com
/

Inj P
rev: first published as 10.1136/ip.2005.009175 on 2 D

ecem
ber 2005. D

ow
nloaded from

 

http://injuryprevention.bmj.com/

