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The importance of adequate housing for the
maintenance of health has long been a topic
of scientific and public health policy discus-
sion (1). The world we construct for our-
selves has profound effects upon our health,
so the promotion of health and the preven-
tion of disease may depend as much on
buildings as on immunization (2). The phys-
ical aspects of housing serve the basic func-
tions of protecting and sheltering people
from the potentially harmful effects of the
wider environment by providing such neces-
sities as heat, light, cooking facilities, and
proper waste disposal. At the same time,
substandard housing can erode health by
forcing people to live together in crowded,
unsanitary, and dilapidated conditions,
which may increase toxic exposures. Social
aspects of the residential environment have
also been implicated in positive health out-
comes through the provision of safe shelter,
kinship, and friendship bonds, and the shar-
ing of resources and responsibilities. As with
the physical aspects of housing, the social
environment can undermine health (3). For
example, housing stability/instability has
been identified as one of the most important
predictors of health at both the individual
and community level (4). The history of

urban renewal in this country reflects, for
the most part, a failure of communities to
consider the consequences of physical and
social residential disruption, with the result
that whole communities have suffered dis-
placement (5) and erosion of health (6).

Predictably, low-income neighborhoods
carry the lion’s share of substandard housing,
imposing additional material and social bur-
dens on those who are least able to manage
them. Against this backdrop, however, care-
ful inspection of low-income urban neigh-
borhoods reveals tremendous variability in
quality of life and health status indicators.
Poor families are a heterogeneous group, as
measured by variations in social and material
living conditions (7–9), physical toxicants/
irritants, and child health outcomes.
Material hardships vary within income strata
and may contribute to variability in health
outcomes along physical as well as social
pathways (10).

Childhood Asthma
Childhood asthma is an example of a serious
public health problem associated with low-
income, minority status (11,12), and charac-
teristics of the home environment (13,14).
Despite the generally high rates of asthma

among low-income minority children, most
disadvantaged African American and
Hispanic children do not develop asthma,
suggesting marked variability in either expo-
sures or vulnerabilities, or both, of individu-
als within these populations. The poverty
paradigm is simply not an adequate explana-
tion for high rates of childhood asthma and
many other child health problems in this
country (15). The search for other sources of
variability in health and well-being among
low-income urban populations must include
the contribution of more proximal risk fac-
tors, both social and physical, including con-
ditions that are potentially modifiable. 

The Role of Indoor Allergens
The contribution of indoor allergens to
childhood asthma has been well docu-
mented in recent years (16–20). Early child-
hood exposure appears to be a risk factor for
development of allergy and asthma symp-
toms in people who are genetically predis-
posed (18), and in sensitized individuals,
continued exposure appears to promote
ongoing airway inflammation and hypersen-
sitivity to other irritants. Specific allergen
exposures depend upon environment as well
as behavior, including length of time spent
indoors (21). As a source of allergen expo-
sure, the indoor environment is critical,
based on evidence that individuals spend
87% of their time in enclosed buildings
(22). In northeastern U.S. cities, cockroach,
mouse, pet, house dust mite, and mold are
among the most prevalent indoor allergens
(23–25). Of these allergens, cockroach
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The high prevalence of childhood asthma in low-income, inner-city populations is not fully
understood but has been at least partly attributed to the disproportionate exposures associated
with socioeconomic disadvantage. The contribution of indoor allergens to asthma is well docu-
mented, but links between socioeconomic disadvantage and indoor allergen levels are not clear.
We investigated levels of cockroach allergens (Bla g 2) in a sample of 132 Dominican or African
American low-income households with young children in northern Manhattan in New York City
(40% were receiving public assistance) to determine whether the distribution of allergens is a
function of housing deterioration. Deterioration was measured by the presence and number of
physical housing problems (holes in the ceilings and walls, water damage, etc.). More than 50%
of the sample had two or more types of housing dilapidation, and 67% of the sample reported
cockroach sightings in their homes. Samples of dust were collected from kitchen and bedroom
surfaces. We hypothesized that the greater the dilapidation, the higher the allergen levels, inde-
pendent of income, sociocultural factors, and pest-control methods. In addition, we hypothesized
that the homes of families characterized by frequent moves (23.5%) would have higher allergen
levels than more stable families. Results showed significant positive associations between housing
deterioration and allergen levels in kitchens, after adjusting for income and ethnicity, with inde-
pendent effects of residential stability (p < 0.05). Bedroom allergen levels were associated with
housing instability (p < 0.01) and ethnicity (p < 0.01). Findings demonstrated that indoor house-
hold allergen levels are related to degree of household disrepair, after adjusting for individual fam-
ily attributes, suggesting that social-structural aspects of housing may be appropriate targets for
public health interventions designed to reduce allergen exposure. Key words: childhood asthma,
cockroach allergens, housing problems, inner-city minority populations. Environ Health Perspect
110(suppl 2):323–327 (2002).
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allergens have recently received great atten-
tion in the literature (24,25). Allergic sensi-
tization to cockroaches has been related to
the level of bedroom allergen exposure in
children, with higher exposures among
African American (26,27) and other low-
income urban populations (28).

There is evidence that the distribution of
cockroach allergens is influenced by charac-
teristics of the built environment, such as
building design and management (29), type
of foundation (30), and type of dwelling
(apartments vs. houses) (24). Goldstein and
colleagues reported high levels of airborne
cockroach allergen in Harlem apartments,
with 85% of the homes of inner-city chil-
dren with asthma having detectable cock-
roach allergen levels (23). Although several
studies have investigated associations
between type of housing and cockroach
allergen levels (20,31), none have used a
measure of housing deterioration.

This analysis explores links between
cockroach allergen levels and selected hous-
ing characteristics, specifically evidence of
amount and type of disrepair. An important
point is that we are not focusing on extreme
conditions but rather on the relatively wide-
spread aspects of disrepair such as cracks in
ceilings and walls, leaky pipes, unrepaired
water damage, inadequate/irregular heating
and electricity, and peeling paint—condi-
tions that are regrettably part of the every-
day lives of children who reside in
underprivileged communities. The cock-
roach species of interest is Blatella germanica
(German cockroach) because of its docu-
mented associations with asthma symptoms
and its prevalence in the Northeastern
United States (19,20). Because the residen-
tial environment has both social and physi-
cal dimensions, we have also considered the
stability of the residential environment to
explore how physical and social risk factors
work together to determine allergen levels in
house dust samples.

Methods

Study Population

This analysis is based on a larger cohort
study from the Columbia University
Children’s Environmental Health Center,
which began recruitment in January 1998.
Study subjects are 76 Dominican and 56
African American women residing in north-
ern Manhattan who delivered at Columbia
Presbyterian Medical Center (CPMC),
Harlem Hospital (HH), or satellite clinics.
Women 18–35 years of age who registered at
the OB/GYN clinics at CPMC and HH by
the 20th week of pregnancy, who had
resided in the area for at least 2 years, and
who were free of diabetes, hypertension, or

known HIV were eligible. Informed consent
was obtained from all participants. Because
an end point of the larger study included the
emergence of symptoms of childhood
asthma as a function of exposure to specific
airborne pollutants (such as environmental
tobacco smoke) and allergens, current smok-
ers were excluded from the study.

The target area for the Columbia
University Children’s Environmental
Health Center includes the northern
Manhattan communities of Central
Harlem, Washington Heights/Inwood, and
the South Bronx. Although these three con-
tiguous communities are predominantly low
income, they are distinct in racial/ethnic
composition, culture, residential history,
housing characteristics, resources, and prob-
lems. Perhaps more so than most other rela-
tively poor communities, the residents are
exposed to a disproportionate share of envi-
ronmental hazards, ranging from those
within the home and the housing itself to
numerous neighborhood-based exposures,
including physical environmental pollutants
and aversive social conditions. It is esti-
mated that 60–74% of the children in these
communities live in fair to poor quality
housing, compared with 38% citywide (32).
However, despite the relative impoverish-
ment and high level of risk characterizing
the entire study area, there is striking vari-
ability within northern Manhattan with
respect to physical and social aspects of the
residential environment, belying the stereo-
type of a uniformly disadvantaged popula-
tion. In Washington Heights, 67% of the
population is Latino, predominately
Dominican, and the poverty rate among
New York City Dominicans is 45.7% (33).
In Harlem, 69% of the population is
African American and 22% Latino, and
29% of the Harlem residents are living in
poverty (34). The residences of study partic-
ipants were scattered throughout the target
areas and did not cluster by building or
block, so that the observations of housing
deterioration were independent.

Measures
Demographic, residential, and lifestyle infor-
mation for the cohort was collected by a 45-
min questionnaire during the third trimester
of pregnancy. The full questionnaire is based
on an instrument used in prior studies and
includes basic demographic information, res-
idential history, health-related behaviors,
and physical housing characteristics.
Perceptions, behaviors, and knowledge
regarding indoor pests were assessed by ques-
tions on the frequency of cockroach sight-
ings inside the apartment, measures
currently used within the apartment to con-
trol pests, and the respondent’s general

understanding of pest behavior. Additional
housing information included floor plan,
apartment size, number of floors above street
level, and the physical integrity of walls,
floors, and ceilings. 

Measurement and Analysis 
of Allergens 
Dust samples were collected separately from
the kitchen and beds of 132 pregnant
women. This sampling occurred at the same
time as the prenatal interview (i.e., during
the third trimester). Dust was collected onto
70-mm cellulose filters (Whatman
International, Maidstone, UK) with a canis-
ter vacuum cleaner (Eureka Mighty Mite,
Bloomington, IN) and a modified collection
nozzle (ALK, Inc., Horsholm, Denmark). In
the kitchen we vacuumed exposed areas of
the floor for 4 min. For the bed sample we
vacuumed the pillows, upper half of the bed,
and upper half of all bed layers for 4 min.
Samples were returned to the laboratory for
postweighing and then stored at –20°C.
Dust samples were not sieved. Dust samples
were extracted on a platform shaker for 1 hr
at 30°C in phosphate-buffered saline with
0.05% Tween 20 solution. Cockroach aller-
gen (Bla g 2) was assayed by sandwich
enzyme-linked immunosorbent assay as pre-
viously described (Indoor Biotechnologies,
Clywd, UK) (25). 

Data Analysis
Mean Bla g 2 levels for kitchen and bed-
room samples were examined as continuous
variables. Because the distributions of mean
Bla g 2 levels were highly skewed for
kitchen (skewness = 2.838, standard error
[SE] = 0.209) and bedroom (skewness =
5.555, SE = 0.210), the measure was log
transformed. The resulting natural log
transformation resulted in symmetrical dis-
tributions for both kitchen (skewness =
0.207, SE = 0.211) and bedroom (skewness
= 0.884, SE = 0.213). Degree of housing
disrepair was defined by the total number
of adverse indoor housing problems; each
condition was counted as present (1) or
absent (0). The indicators of disrepair
included holes in ceilings or walls, peeling
or flaking paint, water damage, leaking
pipes, and lack of gas or electricity in the
past 6 months. Housing instability was
treated as a dichotomous variable and
scored “unstable” if the target family had
moved within the past year and had resided
at the previous residence for less than 2
years. Multiple linear regression was used to
assess the magnitude of the contribution of
housing disrepair and instability to the nat-
ural log of Bla g 2, after adjusting for possi-
ble confounding effects of income,
ethnicity, and pest-control strategies.
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Results
Table 1 presents the sociodemographic
characteristics of the sample, as well as the
distribution of housing disrepair problems.
Antenatal interview data revealed that 68%
of the sample reported the presence of
roaches in their homes. Table 2 shows that
the proportion of participants reporting
roach sightings increased significantly with
the number of physical housing problems
(chi-square = 11.79, p = 0.019). 

In addition to self-report interview data,
we analyzed dust samples from the bed-
rooms and kitchens of participating house-
holds to obtain a more objective indicator of

roach infestation. Bla g 2 > 2 U/g was
measured in 64% of the kitchens and 30%
of the mothers’ beds. Bla g 2 > 8 U/g was
measured in 44% of the kitchens and 10%
of the mothers’ beds. Using Spearman’s rho,
the correlations between self-reported cock-
roach sightings and allergen levels in dust
samples were highly significant for both bed-
room (r = 0.522, p < 0.001) and kitchen (r =
0.663, p < 0.001). 

Furthermore, associations between self-
report and allergen dust levels were signifi-
cant among Dominican women for
bedroom (p < 0.01) and kitchen (p < 0.001),
and African American women for bedroom
(p < 0.05) and kitchen (p < 0.001). This
suggests that there were no meaningful
race/ethnic differences in the validity of
maternal self-reports of cockroach sightings.
Allergen levels were significantly higher in
households reporting frequent roach sight-
ings. The geometric mean (GM) and geo-
metric standard deviation (GSD) level of
Bla g 2 in kitchens of households with fre-
quent sightings were 14.4 U/g (GSD =
10.4), respectively, versus 2.0 U/g (GSD =
6.4) for households with infrequent sight-
ings (F = 23.40, p < 0.001), and the GM of
Bla g 2 in beds of households with frequent
sightings was 1.4 U/g (GSD = 5.8) versus
0.6 (GSD = 2.6) for households with infre-
quent sightings (F = 6.98, p < 0.01). 

There was a significant correlation
between kitchen and bedroom Bla g 2 levels
within each home (r = 0.50, p < 0.001), and
paired t-test for households with both

kitchen and bedroom measurements (n =
114) revealed significantly higher mean Bla g
2 levels in the kitchens compared with bed-
rooms (t(114) = 9.927; p < 0.001). 

Figures 1 and 2 show the increase in
mean Bla g 2 levels as a function of physical
housing problems for kitchens and bed-
rooms, respectively. Unadjusted mean analy-
ses showed that this trend was of borderline
significance for kitchens (F = 2.07, p = 0.09)
and bedrooms (F = 2.06, p = 0.09).
Unadjusted median analyses showed that the
trend was statistically significant for kitchens
(chi-square = 11.00, p = 0.03), but not for
bedrooms (chi-square = 1.89. p = not signifi-
cant). Multiple regression analyses were used
to elucidate these trends.

Separate multiple regressions for kitchen
and bedroom were used to predict the esti-
mated value of the natural log of Bla g 2 for
a set of independent variables, after adjusting
for income and ethnicity. Because the use of
pest-control measures are associated with
overall cockroach population levels, we also
adjusted for the number of pest-control
measures used in each home in each model.
In addition to the measure of housing disre-
pair, the independent variables included a
measure of housing instability to determine
if allergen levels were associated with the
social integrity of the housing, independent
of its physical integrity. The rationale was
that short-term housing used by transient or
highly mobile individuals would tend to be
characterized by poorer-quality manage-
ment/upkeep and hence more likely to be
cockroach infested. Other possible determi-
nants of allergen levels included in the mod-
els were structural parameters (floor lived on,
number of floors in the building, presence of
a basement, or restaurant nearby).
Correlational analyses (not shown) were
used to examined the possible role of various
cleaning methods (mop, broom, vacuum)
and the presence of pet food and other open
food sources (factors that might be associ-
ated with the level of allergens), but no sig-
nificant associations warranted inclusion of
these factors in the models.

Table 3 shows that, after adjusting for
the effects of income, ethnicity, and pest-
control measures (Model I), the degree of
disrepair and housing instability were both
significantly associated with Bla g 2 levels in
the kitchen (Model II). Cleaning methods
and other possible contributing factors were
not significantly associated with Bla g 2 lev-
els in the kitchen. Table 4 shows the results
of the bedroom analysis; again, cleaning
methods were not a significant determinant
of Bla g 2 levels. After adjustment for
income, ethnicity, and pest-control mea-
sures (Model I), degree of housing deterio-
ration was of borderline significance
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Table 1. Sociodemographic characteristics of the
sample.

Percentage Number 
Characteristic (%) (n = 132)

Maternal age (years)
<20 14.4 19
20–24 49.2 65
25–30 18.1 24
>30 18.3 24

Maternal education
<High school 30.9 37
High school degree 48.4 52
>High school 20.7 43

Ethnic background
Dominican 57.6 76
African American 42.4 56

Married 18.3 24
Annual household income

<$10,000 52.8 65
>$10,000a 47.2 67

Public assistance 40.0 52
Unstable housingb 23.5 31
Physical housing problems

Leaking pipes 21.5 28
Holes in ceilings or walls 37.7 49
Unrepaired water damage 29.3 27
Interrupted heat or 13.6 18

electrical servicec

Paint chips or peeling paint 47.2 60
aOnly three families reported income above $30,000, and
these fell between $30,000 and $50,000. They were
included in the near-poor category. bDichotomous vari-
able defined by both of the following conditions: less
than 1 year in present residence and less than 2 years in
previous residence. cDefined as one or more utility cut-
offs in the past 6 months.

Table 2. Proportion of frequent cockroach sight-
ings by level of housing problems.a

Level of Frequent 
housing cockroach Number 
problems sightings (%) (n = 132)

0 15.6 45
1 30.3 33
2 22.2 27
3 37.5 16
4 or more 63.6 11
aChi-square = 11.79, p = 0.019.
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Figure 1. Geometric mean and geometric standard
deviation of cockroach allergen in kitchens as a
function of physical housing problems (y-axis is
displayed on the log10 scale).

Figure 2. Geometric mean and geometric stan-
dard deviation of cockroach allergen as a func-
tion of physical housing problems (y-axis is
displayed on the log10 scale).



(Model II), and this may be because the
impact of deteriorated housing (cracks,
water damage, leaky pipes) is more evident
in the kitchen, where food sources attract
the cockroach population. Housing instabil-
ity was again a strong predictor of Bla g 2
levels (Model II). 

Discussion 

The cockroach allergens levels found in this
study in the homes of children living in
northern Manhattan are comparable to levels
found by other studies. For example, a study
in Wilmington, Delaware, reported that
37% (68/186) of the homes had Bla g 2 lev-
els >2 U/g, a proposed threshold for allergic
sensitization (19). The National Cooperative
Inner-City Asthma Study (NCICAS)
reported 50% (239/476) of children’s homes
had Bla g 1 > 8 U/g (20). The Delaware
study contained urban and suburban homes,

whereas the NCICAS study concentrated on
inner-city homes and is thus most similar to
our study with regard to types of housing. 

More important, the finding of a statisti-
cally significant association between degree
of housing disrepair and cockroach allergen
level, independent of income, suggests there
may be social-structural factors contributing
to the disproportionately high exposure lev-
els in some populations. This is important
because individual families may not have the
resources or even the responsibility to redress
such conditions—conditions largely con-
trolled by landlords, managing agents, and
city agencies. If the cockroach population in
apartments, buildings, or even whole city
blocks is at least partly a function of physical
conditions and/or failure to maintain the
built environment, and if the use of com-
mon pest-control measures does not signifi-
cantly mitigate this association, then perhaps

more structural, rather than individual,
approaches to public health interventions are
needed to effectively reduce exposures (35).

It is important to understand that the
quality of the built environment (and its
potential to influence health) is partly
determined by public policy, as in the case
of urban renewal. In New York City, inade-
quate city code enforcement and repair of
city properties have led to the systematic
deterioration of the housing stock and, in
some cases, entire neighborhoods. An unin-
tended consequence of housing neglect and
poorly planned renewal efforts has been the
dislocation of large groups of people, result-
ing in further community instability and
the disruption of social networks. These are
the kinds of social processes/forces that may
lead to specific environmental exposures
that underlie associations between housing
and health.
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Table 3. Multiple linear regression model expressing allergen level (Bla g 2) in the kitchen as a linear function of number of physical housing problems (dilapida-
tion) and housing instability, adjusted for income and ethnicity.

Model I (r 2 = 0.21) Model II (r 2 = 0.29)
Coefficient 95% CI for β Coefficient 95% CI for β

Predictor β SE Lower bound Upper bound β SE Lower bound Upper bound

Household income 
1 = very poor –0.249 0.415 –0.571 1.069 –0.410 0.408 –1.216 0.397
0 = near poor

Ethnicity
1 = African American 0.376 0.434 –0.482 1.234 0.497 0.428 –0.350 1.343
0 = Dominican

Pest-control measures 0.451 0.271 –0.086 0.987 0.304 0.270 –0.220 0.847
(range = 1–7)a

Housing instabilityb

1 = unstable 1.161 0.482 0.208 2.115
0 = stable

Total number of physical 0.320 0.154 0.016 0.624
housing problemsc

(range = 0–5)

CI, confidence interval. 
aDefined as number of pest-control measures used in the household, including pesticides sprayed by exterminator, can sprays, insect bomb, sticky traps, bait traps, boric acid, and gel.
bDichotomous variable defined by both of the following conditions: less than 1 year in present residence and less than 2 years in previous residence. cFive-item scale including leaking
pipes, holes in ceilings/walls, peeling paint/paint chips, unrepaired water damage, interruptions in heat or electricity.

Table 4. Multiple linear regression model expressing allergen level (Bla g 2) in the bedroom as a linear function of number of physical housing problems (dilapida-
tion) and housing instability, adjusted for income and ethnicity.

Model I (r 2 = 0.21) Model II (r 2 = 0.29)
Coefficient 95% CI for B Coefficient 95% CI for B 

Predictor B SE Lower bound Upper bound B SE Lower bound Upper bound

Household income 
1 = very poor 0.564 0.257 0.056 1.073 0.396 0.250 –0.098 0.892
0 = near poor

Ethnicity
1 = African American 0.818 0.272 0.280 1.356 0.919 0.261 0.402 1.437
0 = Dominican

Pest-control measures 0.551 0.174 0.207 0.896 0.485 0.168 0.152 0.818
(range = 1–7)a

Housing instabilityb

1 = unstable 1.002 0.285 0.438 1.566
0 = stable

Total number of physical 0.153 0.094 –0.032 0.338
housing problemsc

(range = 0–5)
aDefined as number of pest control measures used in the household, including: pesticides sprayed by exterminator, can sprays, insect bomb, sticky traps, bait traps, boric acid, and gel.
bDichotomous variable defined by both of the following conditions: less than one year in present residence and less than 2 years in previous residence. cFive-item scale including leak-
ing pipes, holes in ceilings/walls, peeling paint/paint chips, unrepaired water damage, no heat or electricity.



Our finding that there may be either
ethnic or neighborhood differences in cock-
roach exposure levels deserves further explo-
ration in a larger sample. The confounding
of race/ethnicity and place of residence has
plagued the literature (36,37) and may mask
important findings related to the distinct
characteristics of the built environment in
various geographic areas. Interestingly, the
study of asthma rates presents a similar chal-
lenge, at least partly because of the ethnic-
ity/residential confound. For example, a
recent study of geographic variations in pedi-
atric asthma rates, sampled by ethnicity and
socioeconomic level, showed considerable
variation in prevalence of severe asthma (per-
sistent wheeze) by ethnicity, socioeconomic
levels and geography (38). After adjusting
for level of community disadvantage (over-
crowding, percent unemployed, percent
without a car, and percent over 65 years of
age), ethnic differences in prevalence of
severe asthma disappeared, but some geo-
graphic variation remained. Although the
persistent geographic variation in severe
asthma rates may be due, in part, to the poor
management of asthma in poorer areas,
Duran-Tauleria and Rona suggest that mate-
rial and behavioral characteristics associated
with poverty, such as parental smoking, air
pollution, housing conditions, and allergens,
may contribute to the disparities (38). 

As seen above, the quality of the built
environment is closely linked to residential
stability and population movement. In this
study, the impact of the residential instabil-
ity factor on Bla g 2 levels also deserves fur-
ther study, as it can be viewed as a
characteristic of the housing (i.e., apart-
ments with high turnover tend to be less
well maintained) or the families themselves.
At the individual level, extreme residential
mobility constitutes a barrier to the devel-
opment of informal local friendship
networks, kinship bonds, and local organi-
zational ties and is associated with home-
lessness and adverse health outcomes for
individuals and families. At the community
level, social fragmentation and the loss of
social cohesion, even more than standard
sociologic variables such as poverty and eth-
nic/racial composition, have been linked to
high rates of crime and illness (39). These
are conditions that work against the main-
tenance of high-quality housing and may
overwhelm individual efforts to maintain
such standards.

This leads to our consideration of the
role of housing as a potential agent of change
or a focus of intervention aimed to reduce
the harmful effects of environmental pollu-
tants. Can interventions to correct the inade-
quacies of the residential environment
reduce the prevalence of childhood asthma?

Some parameters are policy sensitive, such as
where to build a housing project, enforce-
ment of municipal codes, rehabilitation of
existing residential units, and dispersal of the
disadvantaged, yet we do not know if such
interventions will improve child health. For
example, residential management of public
housing may increase housing stability, ten-
ant buyouts may increase home ownership
and commitment, and rehabilitation of
existing residential units and strict code
enforcement may prevent physical deteriora-
tion. However, the links between such
community-level interventions, reduction in
exposure to toxicants, and real child health
improvements at both the individual and the
group level remain to be studied. 
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