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Objectives. To examine whether subsidized housing, specifically public housing and

rental assistance, is associated with asthma in the Boston, Massachusetts, adult

population.

Methods.We analyzed a pooled cross-sectional sample of 9554 adults taking part in 3

Boston Behavioral Risk Factor Surveillance System surveys from 2010 to 2015. We es-

timated odds ratios for current asthma in associationwith housing status (public housing

development [PHD] resident, rental assistance [RA] renter, non-RA renter, nonrenter

nonowner, homeowner as reference) in logistic regression analyses adjusting for year,

age, sex, race/ethnicity, education, and income.

Results. The odds of current asthma were 2.02 (95% confidence interval [CI] = 1.35,

3.03) and 2.34 (95% CI = 1.60, 3.44) times higher among PHD residents and RA renters,

respectively, than among homeowners. We observed smoking-related effect modifi-

cation (interaction P= .04); elevated associations for PHD residents and RA renters

remained statistically significant (P< .05) only among ever smokers. Associations for PHD

residents and RA renters remained consistent in magnitude in comparison with non-RA

renters who were eligible for subsidized housing according to income.

Conclusions. Public housing and rental assistance were strongly associated with asthma

in this large cross-sectional sample of adult Boston residents. (Am J Public Health. 2018;

108:1059–1065. doi:10.2105/AJPH.2018.304468)

See also Suglia, p. 975; and Galea and Vaughan, p. 985.

The population burden of asthma in the
United States is significant, with the total

economic cost of asthma, including costs
incurred through absenteeism and mortality,
estimated at $81.9 billion in 2013.1 The
asthma prevalence among US adults is ap-
proximately 9%2 and is higher among in-
dividuals with lower educational attainment
and household incomes; in comparison with
non-Latino Whites, the prevalence is higher
among Blacks and lower among Latinos.3

The adult asthma prevalence in the city of
Boston, Massachusetts (12%) is higher than
the nationwide estimate, and, similar to the
situation in the United States overall, it is
correlated with lower educational attainment
and household income.4 However, the adult
asthma prevalence in Boston is higher among
both non-Latino Black and Latino residents
than among non-Latino White residents.4

Housing is also an important social de-
terminant of asthma,5 and its association

with asthma is thought to be mediated by
environmental and social stressors affecting
housing quality5 and housing stability.6

Substandard indoor environmental quality in
home and school settings (including excessive
dampness, mold and fungus, pet dander, pest
and rodent infestation, secondhand tobacco
smoke [SHS], and poor ventilation) is asso-
ciated with asthma-related outcomes.7–14

Less is known about the association between
asthma and housing stability factors, including
housing cost, housing tenure, perceived lack
of housing control, and residential instability.6

Public housing is frequently linked to poorer
indoor housing quality,10,11,15–17 and there is
moderate evidence supporting the association
between poor indoor housing quality in public
housing and asthma-related outcomes.9–11,18–20

However, few population-based studies have
assessed whether subsidized housing itself, of
which major types include public housing and
rental assistance (both tenant based and project
based), is associated with overall health or with
asthma specifically.10,21,22 Variations between
subsidized housing programs in how housing
is maintained or how assistance is administered
may result in differences in housing quality and
stability.

Public housing developments (PHDs)
are owned and managed by public housing
authorities and provide rental assistance for
low-income families. Tenant-based rental as-
sistance allows low-income families to use
vouchers to help pay for housing in the private
market, and, unlike project-based rental assis-
tance tied to a specific privately owned prop-
erty, the voucher stays with the tenant. In
a previous cross-sectional analysis of 2919 adults
participating in the 2001 and 2003 Boston
Behavioral Risk Factor Surveillance System
(Boston BRFSS) surveys, reports of living in
public housing or receiving rental assistance
(relative to not living in such housing or re-
ceiving assistance) were associated with current
asthma (odds ratio [OR]=1.57; 95% confi-
dence interval [CI]=0.92, 2.65)21; however,
the authors did not examine public housing
and rental assistance associations separately.

In our study, we used data from 3
Boston BRFSS surveys conducted between
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2010 and 2015 to examine associations be-
tween housing status and lifetime and current
asthma among PHD residents, renters re-
ceiving rental assistance (RA renters), renters
not receiving rental assistance (non-RA
renters), and adults who neither rent nor own
(the nonrenter nonowner group); our com-
parison group was homeowners. In
addition, we restricted our analyses to
adults meeting household income eligibil-
ity criteria for subsidized housing.

METHODS
In this cross-sectional study, we gathered

data from a modified version of the BRFSS
survey administered in Boston. The BRFSS
survey is an annual random-digit-dial
household telephone survey that collects
information on health-related behaviors
and conditions among noninstitutionalized
adults (aged 18 years or older) residing in the
United States. It is undertaken by state health
departments in collaboration with the US
Centers for Disease Control and Prevention
(details on the methodology used in each
survey year are available from the Centers
for Disease Control and Prevention).23

The Boston Public Health Commission
conducted the Boston BRFSS survey (which is
administered in English and Spanish) biennially
in odd years from 1999 through 2005, in even
years from 2006 through 2010, and then in odd
years beginning in 2013. The sample size ranges
approximately from 1400 to 4000 respondents
per survey year. As with the nationwide BRFSS
survey, the Boston survey methodology in-
volves stratified random sampling with a prob-
ability of selection related to the number of
adults and telephone lines in a given household.
One adult from each eligible household con-
tacted is randomly selected for an interview. In
the 2010, 2013, and 2015 study years, re-
spectively, 9%, 39%, and 36% of the sample
consisted of households with only cell phones.
We poststratified our data to age, sex, race/
ethnicity, education, and marital status pop-
ulation parameters for Boston, and we sub-
sequently scaled the data to produce weighting
proportionate to population size across years.

Beginning in 2001, a single question was
included in the Boston survey indicating
public housing status, and a single question
involving housing tenure was introduced in

2010. In our analyses, we included a pooled
cross-sectional unweighted sample of 9554
individuals who participated in the Boston
BRFSS 2010 to 2015 surveys (88% of the
10 852 participants in these surveys) and had
complete information on public housing
status, housing tenure, asthma, and covariates
of interest (Figure 1).

Assessment of Asthma, Housing
Status, and Covariates

Lifetime asthma was defined as a positive
response to the following question: “Have you
ever been told by a doctor, nurse, or health
professional that youhad asthma?”Among those
classified as having a history of asthma, current
asthma was defined as a positive response to the
question “Do you still have asthma?”

Participants provided demographic in-
formation on age, sex, race/ethnicity, highest
educational attainment, and household in-
come. Information was also collected on
weight andheight, cigarette smoking, andSHS
exposure at home (additional descriptions of
these variables are provided in the Appendix,
available as a supplement to the online version
of this article at http://www.ajph.org).

Public housing status was ascertained from
the following question: “Are you (1) a public
housing resident living in a building owned
by the Boston Housing Authority, (2) part of
a household that receives rental assistance such
as Section 8 or any other rental assistance
program, or (3) neither of the above?”
Housing tenure was ascertained from the
question “Do you (1) own or (2) rent your
home, or (3) have some other arrangement?”
Wecombined the responses to the 2 questions
and constructed a modified housing status
variable with the following categories: PHD
resident, RA renter, non-RA renter, non-
renter nonowner, and home owner.

Participants who responded “have some
other arrangement” for housing tenure were
classified in the nonrenter nonowner category
independent of their response with respect to
public housing status. Thus, participants
classified as PHD residents and RA renters
reported “public housing resident” and “re-
ceiving rental assistance” for public housing
status, respectively, and reported “rent your
home” for housing tenure. Non-RA renters
reported “neither of the above” and “rent
your home” for public housing status and

housing tenure status, respectively. Partici-
pants classified as homeowners reported
“own” and “neither of the above” for housing
tenure and public housing status, respectively.
Owing to small sample sizes, participants who
reported their public housing status as “public
housing resident” (unweighted n= 9) or
“receiving rental assistance” (unweighted
n= 11) and their housing tenure status as
“own” were excluded from our analyses.

Statistical Analysis
Weused SAS version 9.2 (SAS Institute Inc.,

Cary, NC) in conducting all of our analyses. All
statistical procedures involved a design-based
approach accounting for the disproportionate
probability of selection among survey re-
spondents and subsequent poststratification to
Boston’s noninstitutionalized adult population.
Logistic regression (PROC SURVEYLO-
GISTIC) was used to estimate odds ratios (and
95% confidence intervals) for lifetime and
current asthma in associationwithhousing status
(PHD resident, RA renter, non-RA renter,
nonrenter nonowner, homeowner as
reference).

Logistic regression models included ad-
justment for the following covariates: survey
year, age (35–54 years, 55 years or older, 18–
34 years as reference), sex (male as reference),
race/ethnicity (non-Latino Black, Latino,
other, non-Latino White as reference),
highest educational attainment (high school,
some college, college or above, less than high
school as reference), and household income
(less than $20 000, $20 000–$34 999, missing,
$35 000 or above as reference). In separate
models, we also adjusted for smoking status
(current, former, never as reference), obesity
status (bodymass index of 30 kg/m2 or above,
body mass index less than 30 kg/m2 as ref-
erence), and extent of SHS exposure at home
(1 or more hours per week, less than 1 hour or
0 hours as reference).

The percentages of missing values for
the primary variables in our analysis ranged
from 0.2% (educational attainment) to 3.7%
(weight and height combined). In all of our
logistic regression models, we used Taylor
series variance estimation to accommodate
the stratified design and conservatively treated
missing responses as not missing completely at
random by invoking the SAS NOMCAR
option.
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We assessed the overall presence of effect
modification in the association between
housing status and current asthma according
to age (18–34 years, 35 years or older),
smoking status (ever, never), and obesity
status (obese, not obese) by including an in-
teraction term between housing status and the
modifying variable in the model; we set the
significance level for interaction terms at
P < .05. In addition, we conducted a domain
analysis inwhichwe calculated odds ratios and
95% confidence intervals for the associations
between housing status and current asthma in
subpopulations defined by age, smoking
status, and obesity status. Among those in the
nonrenter nonowner category, small samples
in some of the variable groupings (i.e., sex,
educational attainment, race/ethnicity,
household income) prohibited domain ana-
lyses for these variables.

Secondary Analyses
We also adjusted our logistic regression

models for proxies of health care access,
specifically inability to see a doctor in the
preceding 12months because of cost (no such

inability as reference), number of personal
health care providers (0, 1 or more as refer-
ence), and routine check-up with a doctor in
the preceding year (no check-up as refer-
ence). In an effort to compare PHD residents
and RA renters with a group more socio-
demographically similar than homeowners,
we repeated our logistic regression models
with non-RA renters as the reference group;
we further restricted these logistic regression
models to subpopulations in lower household
income and educational attainment cate-
gories. Those in the lower household income
categories met the family income criteria for
most (less than $35 000) if not all (less than
$20 000) public housing and RA programs
offered by the Boston Housing Authority.

The distributions of the demographic
characteristics of PHD residents, RA renters,
and non-RA renters included in the restricted
analyses are summarized in Tables A through
C (available as supplements to the online
version of this article at http://www.ajph.
org). Adults in all housing categories were
included in the model restricted to those
reporting household incomes below $35 000;
however, because of insufficient sample sizes,

homeowners and those in the nonrenter
nonowner group were excluded from the
model restricted to those reporting household
incomes below $20 000. Additional details
about themethodology used in the secondary
analyses are provided in the appendix.

RESULTS
The weighted prevalence of lifetime

asthma among Boston adults was 17.9%, and
the weighted prevalence of current asthma
was 11.4% (Table 1). The prevalence of
current asthma was approximately 2-fold
higher amongPHD residents (17.8%) andRA
renters (21.7%) than among homeowners
(9.1%). In comparison with homeowners,
PHD residents and RA renters were more
likely to be 18 to 34 years old, non-Latino
Black or Latino, current smokers, and obese;
also, their highest educational attainment was
more likely to be high school or lower, their
household income was more likely to be less
than $20 000, and they were more likely to
have experienced SHS exposure at home.

RA renters accounted for the highest
proportion of women. Higher proportions of
adults 18 to 34 years of age were observed
among non-RA renters and those in the
nonrenter nonowner group. In comparison
with PHD residents andRA renters, non-RA
renters and those in the nonrenter nonowner
group were more likely to be younger,
non-Latino White, college educated, and
never smokers and to have household in-
comes above $35 000.

In the fully adjusted models, the odds of
current asthma were 2.02 (95% CI= 1.35,
3.03) and 2.34 (95% CI= 1.60, 3.44) times
higher among PHD residents andRA renters,
respectively, than among homeowners (Table
2). No statistically significant (P< .05) associa-
tionswith current asthmawere observed among
non-RA renters and those in the nonrenter
nonowner group. The findings were similar for
lifetime asthma. In comparison with the esti-
mates from the fully adjustedmodel, the current
asthma odds ratios for PHD residents and RA
renters attenuated only slightly after additional
adjustment for smoking status, obesity status, and
SHS exposure at home. As shown in Table D
(available as a supplement to the online version
of this article at http://www.ajph.org), current
smoking and former smoking were positively

Unweighted sample of 10 852 participants
in Boston BRFSS surveys in 2010, 2013, 2015 

Unweighted sample of 9554
participants included in analysis 313 on public housing and housing tenure

154 on asthma outcomes
126 on age
109 on race/ethnicity
24 on educational attainment
42 on smoking status
405 on weight and height
99 on SHS exposure at home

“rental assistance” and “own home” 

Excluded 1272 for missing information

Excluded 26 for reporting “BHA” or

Note. BHA =Boston Housing Authority; SHS = secondhand tobacco smoke.

FIGURE 1—Study Participation and Inclusion Flowchart: Boston, MA; Boston Behavioral Risk
Factor Surveillance System (BRFSS); 2010–2015

AJPH RESEARCH

August 2018, Vol 108, No. 8 AJPH Mehta et al. Peer Reviewed Research 1061

http://www.ajph.org
http://www.ajph.org
http://www.ajph.org


associated with current asthma, but the associ-
ations were not statistically significant. Current
asthma was strongly associated with obesity
(OR=1.91; 95% CI=1.55, 2.35), whereas no
association was found for SHS exposure at
home.

The association between housing status
and current asthma was modified by smoking
status (Table 3); among ever smokers, the
odds of current asthma were more than twice
as high for PHD residents as for homeowners

(OR=2.58; 95%CI= 1.47, 4.54) and 3 times
higher for RA renters than for homeowners
(OR=3.28; 95% CI= 1.97, 5.46). Among
never smokers, positive associations were
observed for PHD residents and RA renters,
but these associations were weaker in mag-
nitude and not statistically significant. There
was no effect modification by obesity or age.
The strong associations for residence in
a PHD and current asthma shown in Table 2
were observed mainly among adults older

than 34 years; there was no association among
PHD residents aged 34 years or younger.

The associations between housing status
and current asthma remained consistent in
direction and magnitude after additional ad-
justment for variables related to health care
access (Table E, available as a supplement to
the online version of this article at http://
www.ajph.org). The odds of current asthma
were approximately 2-fold higher among
PHD residents and RA renters than among

TABLE1—WeightedPrevalenceof SelectedPopulationCharacteristicsAmongBostonAdultResidents, byHousingStatus:Boston,MA;Boston
Behavioral Risk Factor Surveillance System; 2010–2015

Characteristic
PHD Resident (n = 668),

% (95% CI)
RA Renter (n = 829),

% (95% CI)
Non-RA Renter (n = 2690),

% (95% CI)
Nonrenter Nonowner (n = 412),

% (95% CI)
Homeowner (n = 4955),

% (95% CI)

Asthma

Lifetime 23.3 (18.9, 27.7) 28.3 (23.4, 33.2) 16.3 (14.2, 18.4) 23.4 (17.5, 29.3) 15.0 (13.3, 16.6)

Current 17.8 (13.9, 21.6) 21.7 (17.4, 26.1) 9.9 (8.3, 11.5) 13.5 (8.8, 18.1) 9.1 (7.7, 10.5)

Age, y

18–34 32.8 (27.0, 38.7) 34.4 (28.9, 39.9) 61.8 (59.4, 64.3) 74.0 (69.1, 78.9) 24.5 (22.1, 27.0)

35–54 36.8 (31.6, 42.0) 35.7 (30.9, 40.4) 24.6 (22.6, 26.7) 13.7 (10.1, 17.4) 37.5 (35.5, 39.5)

‡ 55 30.4 (25.8, 35.0) 29.9 (25.9, 33.9) 13.6 (12.2, 14.9) 12.3 (9.0, 15.5) 38.0 (36.1, 39.8)

Sex

Male 45.0 (39.4, 50.8) 34.0 (28.9, 39.2) 50.9 (48.1, 53.8) 51.2 (44.5, 57.8) 48.7 (46.6, 50.9)

Female 55.0 (49.2, 60.5) 66.0 (60.8, 71.1) 49.1 (46.2, 51.9) 48.8 (42.2, 55.5) 51.3 (49.1, 53.4)

Race/ethnicity

Non-Latino White 18.8 (14.2, 23.4) 19.1 (14.8, 23.3) 52.0 (49.3, 54.8) 41.1 (34.3, 48.0) 68.2 (66.1, 70.2)

Non-Latino Black 32.6 (27.7, 37.6) 41.3 (36.4, 46.2) 17.9 (16.2, 19.7) 32.3 (26.5, 38.2) 16.7 (15.3, 18.2)

Latino 37.3 (32.2, 42.5) 30.5 (25.7, 35.4) 18.2 (16.2, 20.2) 13.1 (9.3, 16.8) 5.2 (4.3, 6.1)

Other 11.3 (6.6, 16.0) 9.1 (5.9, 12.3) 11.8 (9.9, 13.8) 13.5 (8.7, 18.3) 9.9 (8.3, 11.5)

Educational attainment

< high school 35.1 (29.8, 40.4) 29.6 (24.4, 34.8) 12.2 (10.3, 14.1) 16.1 (11.3, 20.8) 5.2 (4.1, 6.3)

High school 32.7 (27.6, 37.9) 31.5 (26.7, 36.3) 18.3 (16.2, 20.5) 27.6 (21.6, 33.6) 14.1 (12.6, 15.5)

Some college 24.2 (19.3, 29.1) 27.9 (23.6, 32.1) 22.3 (20.0, 24.5) 31.1 (24.7, 37.4) 21.0 (19.2, 22.9)

‡ college 7.9 (5.1, 10.8) 11.0 (8.3, 13.7) 47.2 (44.4, 50.0) 25.2 (19.5, 30.9) 59.7 (57.6, 61.9)

Household income, $

< 20 000 54.1 (48.5, 59.6) 51.5 (46.4, 56.6) 19.3 (17.0, 21.5) 25.1 (19.5, 30.8) 4.6 (3.7, 5.4)

20 000–34 999 21.1 (16.8, 25.4) 26.9 (22.3, 31.4) 21.1 (18.8, 23.4) 19.1 (13.2, 25.0) 9.3 (8.1, 10.5)

‡ 35 000 9.6 (6.0, 13.2) 10.8 (7.0, 14.6) 49.1 (46.3, 51.9) 32.5 (26.4, 38.7) 77.4 (75.7, 79.2)

Missing 15.2 (11.2, 19.2) 10.8 (7.4, 14.3) 10.5 (8.7, 12.3) 23.2 (17.8, 28.6) 8.7 (7.4, 9.9)

Smoking status

Current smoker 30.5 (25.1, 35.8) 32.3 (26.9, 37.6) 20.0 (17.6, 22.4) 20.0 (14.8, 25.1) 9.7 (8.3, 11.0)

Former smoker 13.3 (10.2, 16.4) 15.9 (12.9, 18.9) 15.9 (14.1, 17.8) 12.3 (7.5, 17.1) 28.5 (26.7, 30.3)

Never smoker 56.2 (50.7, 61.7) 51.8 (46.6, 57.0) 64.1 (61.4, 66.8) 67.7 (61.4, 74.0) 61.9 (59.8, 63.9)

Obesity status

Obese 30.7 (25.9, 35.5) 35.2 (30.4, 40.0) 18.2 (16.2, 20.2) 23.5 (18.1, 28.9) 20.0 (18.3, 21.6)

Not obese 69.3 (64.5, 74.1) 64.8 (60.0, 69.6) 81.8 (79.8, 83.8) 76.5 (71.1, 81.9) 80.0 (78.4, 81.7)

SHS exposure at home

Yes 26.6 (21.4, 31.9) 27.9 (22.7, 33.0) 15.4 (13.4, 17.5) 19.4 (13.9, 24.8) 8.0 (6.6, 9.4)

No 73.4 (68.1, 78.6) 72.1 (67.0, 77.3) 84.6 (82.5, 86.6) 80.6 (75.2, 86.1) 92.0 (90.6, 93.4)

Note. CI = confidence interval; PHD=public housing development; RA = rental assistance; SHS = secondhand tobacco smoke. The sample size was n = 9954.
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non-RA renters, and these strong associations
persisted after the analysis was restricted to
those with household incomes under
$35 000, household incomes under $20 000,
and both household incomes under $20 000
and educational attainment not exceeding
high school (Table F, available as a supple-
ment to the online version of this article at
http://www.ajph.org).

DISCUSSION
To our knowledge, this is the first

population-based adult study to examine the
association between housing status and
asthma and compare forms of subsidized
housing with home ownership and non-RA
renting. In comparison with home owner-
ship, living in PHDs and RA units was
strongly associated with lifetime and current

asthma, and the observed associations with
current asthma among PHD residents and
RA renters were robust to adjustments for
smoking, obesity, SHS exposure at home, and
health care access proxies. Smoking was also
found to modify the association between
housing status and current asthma, and the
associations for PHD residents andRA renters
were highest in magnitude among ever

TABLE 2—Associations Between Lifetime and Current Asthma and Housing Status: Boston, MA; Boston Behavioral Risk Factor Surveillance
System; 2010–2015

Asthma and Housing
Status

Minimally Adjusted Model,
OR (95% CI)

Fully Adjusted Model,
OR (95% CI)

Fully Adjusted Model + Smoking,
OR (95% CI)

Fully Adjusted Model + Obesity,
OR (95% CI)

Fully Adjusted Model + SHS
Exposure at Home, OR (95%CI)

Lifetime asthma

PHD resident 1.76 (1.30, 2.39) 1.66 (1.18, 2.33) 1.58 (1.12, 2.24) 1.64 (1.17, 2.31) 1.63 (1.15, 2.30)

RA renter 2.15 (1.61, 2.88) 2.01 (1.46, 2.78) 1.88 (1.36, 2.59) 1.95 (1.41, 2.69) 1.97 (1.43, 2.72)

Non-RA renter 0.98 (0.78, 1.22) 0.94 (0.75, 1.19) 0.92 (0.73, 1.16) 0.95 (0.75, 1.19) 0.94 (0.74, 1.18)

Nonrenter nonowner 1.44 (0.98, 2.11) 1.41 (0.96, 2.09) 1.40 (0.95, 2.08) 1.39 (0.94, 2.06) 1.41 (0.95, 2.09)

Home owner (ref) 1 1 1 1 1

Current asthma

Housing status

PHD resident 2.16 (1.53, 3.06) 2.02 (1.35, 3.03) 1.95 (1.30, 2.92) 1.99 (1.33, 2.98) 2.01 (1.30, 3.01)

RA renter 2.50 (1.80, 3.48) 2.34 (1.60, 3.44) 2.23 (1.52, 3.26) 2.25 (1.53, 3.32) 2.33 (1.58, 3.41)

Non-RA renter 1.06 (0.80, 1.41) 1.03 (0.76, 1.40) 1.01 (0.74, 1.38) 1.03 (0.76, 1.40) 1.03 (0.76, 1.39)

Nonrenter nonowner 1.48 (0.93, 2.37) 1.43 (0.87, 2.35) 1.42 (0.87, 2.33) 1.39 (0.86, 2.27) 1.43 (0.87, 2.35)

Home owner (ref) 1 1 1 1 1

Note. CI = confidence interval; OR =odds ratio; PHD=public housing development; RA = rental assistance SHS= secondhand tobacco smoke. ORs for lifetime
and current asthmawere estimated in logistic regressionmodels with homeowner as the reference category. Minimally adjustedmodels controlled for survey
year, age, sex, and race/ethnicity, and fully adjusted models controlled for these variables along with highest educational attainment and household income.
Separate models included adjustment for smoking status, obesity status, and SHS exposure at home.

TABLE 3—Associations Between Current Asthma and Housing Status in Study Subpopulations According to Age, Smoking Status, andObesity
Status: Boston, MA; Boston Behavioral Risk Factor Surveillance System; 2010–2015

Subpopulation Variable

Housing Status (Ref = Homeowner)

PHD Resident, OR (95% CI) RA Renter, OR (95% CI) Non-RA Renter, OR (95% CI) Nonrenter Nonowner, OR (95% CI) Interaction P

Age, y .19

18–34 1.08 (0.46, 2.53) 2.08 (0.94, 4.58) 0.79 (0.46, 1.38) 1.14 (0.55, 2.39)

‡ 35 2.74 (1.86, 4.05) 2.46 (1.70, 3.54) 1.27 (0.98, 1.66) 1.54 (0.84, 2.82)

Smoking status .04

Ever smoker 2.58 (1.47, 4.54) 3.28 (1.97, 5.46) 0.99 (0.62, 1.58) 1.72 (0.80, 3.69)

Never smoker 1.60 (0.92, 2.81) 1.61 (0.92, 2.81) 1.06 (0.71, 1.58) 1.27 (0.67, 2.41)

Obesity status .19

Obese 1.97 (1.05, 3.69) 2.23 (1.22, 4.05) 0.81 (0.48, 1.34) 1.94 (0.90, 4.16)

Not obese 1.93 (1.15, 3.25) 2.10 (1.25, 3.52) 1.12 (0.78, 1.62) 1.10 (0.58, 2.11)

Note. CI = confidence interval; OR =odds ratio; PHD=public housing development; RA = rental assistance. ORs for lifetime and current asthma were estimated
in logistic regression models with homeowner as the reference category and with the domain statement variable as the subpopulation variable. All models
adjusted for survey year, age, sex, race/ethnicity, highest educational attainment, and household income but did not adjust for any of the covariates included in
the domain statement.We assessed the overall presence of effect modification according to subpopulation variable by including an interaction term between
public housing status and the subpopulation variable; P values for the interaction terms are presented.
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smokers. In addition, the associations among
PHD residents and RA renters remained
consistent even when non-RA renters with
similar incomes and educational attainment
served as the reference group. In comparison
with home owners and non-RA renters,
associations were consistently of highest
magnitude among RA renters.

Given that we examined more specific
types of subsidized housing, our findings are
not entirely comparable with those of the
earlier-described analysis that leveraged data
from the 2001 to 2003 surveys. However, as
shown in the previous analysis, the specific
associations with current asthma among PHD
residents and RA renters are larger in mag-
nitude than for the combined group (PHD
residents or RA renters), further underscoring
the need for a collective effort to address
asthma among individuals living in public
housing or RA-based low-income housing.
Such interventions should consider the role of
social determinants of health and will require
collaborations among multiple sectors in-
cluding health, housing, city planning and
development, education, and public safety.24

A coalition of different local- and
national-level partners from the public health,
housing, academic, nonprofit, hospital, and
foundation sectors has led several in-
terventions aimed at improving indoor
housing quality in Boston’s PHDs in recent
years.9,15,25–28 Notable examples include
a series of interventions between 2006 and
2010 designed to reduce pest infestation,25

redevelopment of PHD sites to conform
with green standards in 2010,9 adoption of
a smoke-free policy in PHDs by the Boston
Housing Authority in 2012 (with a similar
rule enacted by the US Department of
Housing and Urban Development in
2016),15,26,27 and free on-site tobacco cessa-
tion counseling offered to PHD residents
and staff beginning in 2010 as part of the
smoke-free housing policy development
process.15,28 Subsequent Boston BRFSS
surveys will allow examinations of whether
the elevated odds of current asthma among
PHD residents and RA renters, relative to
homeowners and non-RA renters, have
persisted after the aforementioned
interventions.

Our intent in conducting a restricted
analysis according to household income (and
educational attainment) was to construct

a comparison group of non-RA renters that
more closely resembled adults who were el-
igible for subsidized housing and to minimize
unmeasured confounding from social and
economic stressors correlated with household
income and educational attainment.
Restricting our analysis to adults with
household incomes below $20 000 led to
more similar race/ethnicity and educational
attainment distributions between non-RA
renters and PHD residents and RA renters,
although marked contrasts in age and sex
distributions between these groups persisted.

In Boston, eligibility criteria differ be-
tween PHD and RA (i.e., Section 8 housing)
programs; whereas PHD programs require
that applicants earn less than 80% of area
median income, RA programs require that
applicants earn less than 50% of area median
income and are further restricted in that 75%
of new voucher holders can earn no greater
than 30% of area median income. It is of
interest that the associations with current
asthma for PHD residents and RA renters in
comparison with non-RA renters persisted
after the analyses were restricted to sub-
populations with household incomes thatmet
the family income criteria for most (less than
$35 000) if not all (less than $20 000) public
housing and RA programs offered by the
Boston Housing Authority. Associations for
asthma were consistently of a higher mag-
nitude among RA renters, suggesting that
these individuals may have additional vul-
nerabilities contributing to poor health. The
Department of Housing and Urban Devel-
opment assists more than 1.2 million low-
income families with affordable housing
through RA programs and expects landlords
to provide healthy housing conditions;
however, little is known about the perceived
opportunities and challenges related to re-
ducing barriers and capitalizing on the ben-
efits of implementing healthy practices in
RA-based housing.29 There is limited evi-
dence suggesting that exposure to environ-
mental asthma triggers (e.g., cockroaches and
rodents, parental smoking, and pets with fur)
may not decrease significantly when families
relocate from public housing to RA-based
housing.30

We also identified a novel interaction
between housing and smoking status.
However, we did not collect information on
factors related to housing quality and stability,

which may have offered further insight as to
why smokers are possibly more vulnerable to
asthma associated with subsidized housing.
This finding warrants replication in longitu-
dinal studies of subsidized housing pop-
ulations that involve detailed assessments of
housing quality and stability-related factors.

Strengths and Limitations
Our study has numerous strengths, in-

cluding a large sample size, control for con-
founding, and inclusion of a comparison
group that met income criteria for housing
assistance. However, there are several limi-
tations inherent to any cross-sectional pop-
ulation-based survey. We were not able to
evaluate the temporality of associations be-
tween housing status and asthma in our
cross-sectional analysis. In addition, we were
not able to assess the impact on asthma
prevalence of public housing policy changes
or interventions that occurred in Boston
during the study period. Self-reported survey
measurements of asthma may also be less
accurate than physical measurements, and the
associations we observed may have been bi-
ased by inaccurate recall. However, a 1993
review of asthma questionnaires revealed
a mean sensitivity level of 68% and a mean
specificity level of 94% for self-reported
asthma validated in relation to clinically di-
agnosed asthma.31

Although our results are relatively robust
to potential confounding from awide array of
factors at the individual level, we were not
able to adjust for all known confounders. Our
findings can potentially be explained by
unmeasured confounding, particularly from
environmental and social stressors that may
correlate with housing status such as outdoor
air pollution, violence-related crime, and
housing costs. As public housing has been
shown to be associatedwith a number of adult
chronic conditions other than asthma,21 ad-
justment for other possible risk factors shared
between adult asthma and other chronic
diseases, particularly sleep quality, is war-
ranted.32,33 Also, it is plausible to consider the
poorer quality and stability of subsidized
housing as consequences of structural and
systemic racism, and future population-based
studies focusing on public housing and asthma
should consider adjustment for area-level
measures of racial segregation.34 We may
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have encountered selection bias, as our
poststratification method for weighting
accounted for neither housing status nor
household income. Potential underweighting
or overweighting in our sample of adults
living in subsidized housing or having lower
household incomes may have led to un-
derestimation or overestimation of true as-
sociations. Although our study population
was limited to Boston adult residents, our
findings may be generalizable to adult pop-
ulations of urban US cities with similar de-
mographic profiles, including similar
eligibility criteria for housing assistance.

Public Health Implications
Living in PHDs and RA units was strongly

associated with current asthma in our large
cross-sectional sample of adult Boston resi-
dents. More research is warranted to assess
asthma risk factors among adults living in
RA-based low-income housing, and our
results highlight the need for intensifying
multiple-sector interventions designed to
reduce asthma among individuals living in
public housing and low-income RA-based
housing.
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