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Objectives. To examine the association of social and environmental factors with levels of second-hand smoke (SHS) exposure, as measured by
salivary cotinine, in young inner-city children with asthma. Methods. We used data drawn from a home-based behavioral intervention for young
high-risk children with persistent asthma post-emergency department (ED) treatment (N = 198). SHS exposure was measured by salivary
cotinine and caregiver reports. Caregiver demographic and psychological functioning, household smoking behavior, and asthma morbidity
were compared with child cotinine concentrations. Chi-square and ANOVA tests and multivariate regression models were used to determine
the association of cotinine concentrations with household smoking behavior and asthma morbidity. Results. Over half (53%) of the children
had cotinine levels compatible with SHS exposure and mean cotinine concentrations were high at 2.42 ng/ml (SD 3.2). The caregiver was
the predominant smoker in the home (57%) and 63% reported a total home smoking ban. Preschool aged children and those with caregivers
reporting depressive symptoms and high stress had higher cotinine concentrations than their counterparts. Among children living in a home
with a total home smoking ban, younger children had significantly higher mean cotinine concentrations than older children (cotinine: 3-5 year
olds, 2.24 ng/ml (SD 3.5); 610 year olds, 0.63 ng/ml (SD 1.0); p < .05). In multivariate models, the factors most strongly associated with
high child cotinine concentrations were increased number of household smokers (8 = 0.24) and younger child age (3-5 years) (8 = 0.23; p <
001, RZ = 0.35). Conclusion. Over half of the young inner-city children with asthma were exposed to SHS, and caregivers are the predominant
household smokers. Younger children and children with depressed and stressed caregivers are at significant risk of smoke exposures, even when
a household smoking ban is reported. Further advocacy for these high-risk children is needed to help caregivers quit and to mitigate smoke

exposure.
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INTRODUCTION

Exposure to second-hand smoke (SHS) in children has
been associated with increased risk for development and
severity of asthma (1-6), difficulty in managing asthma
symptoms (7, 8), and chronic airway inflammation.
Accordingly, avoidance of SHS exposure is a key
component of national and international guideline recom-
mendations for management of childhood asthma (9-11).
Despite parental awareness that SHS exacerbates asthma,
40-67% of inner-city children with asthma reside in a
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household with at least one smoker (12—15), with particu-
larly high rates of SHS exposure among children living in
poverty (16).

Several social environmental factors are implicated in
high SHS exposure in inner-city children with asthma
including caregiver smoking (17, 18), child age, maternal
depression (19, 20), and stress (19, 21). However, few
studies verified SHS exposure using biomarkers. The
goal of this study was to examine the association of
several social and environmental factors with levels of
SHS exposure in young inner-city children with asthma
using cotinine, a biological marker for SHS exposure. We
hypothesized that among children with asthma residing
in the inner city, younger children and children with a
caregiver who smokes would have more exposure to SHS
than their counterparts, after controlling for the effects
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of caregiver depressive symptoms and stress. We also
were interested in evaluating the effectiveness of home
smoking bans in reducing smoke exposure among these
children.

METHODS

Study Population

Children with asthma were identified and recruited from
daily review of medical records obtained from the Johns
Hopkins Hospital and University of Maryland Medical
System pediatric emergency departments (EDs). As seen
in Figure 1, a total of 779 potentially eligible children
were contacted via letters, 214 were assessed for enroll-
ment, and 198 (93%) were enrolled in a provider—parent
behavioral-based randomized controlled trial, Pediatric
Asthma Alert Intervention (PAAL). There were no
significant differences in age, gender, race/ethnicity, type
of health insurance, or zipcode noted between the enrolled
and a subset of non-enrolled (N = 103) subjects. Baseline
interviews were completed from December 2008 to
June 2010. Eligibility criteria included age 3-10 years,
physician-diagnosed asthma with persistent symptoms,
and two or more ED visits or one hospitalization
for asthma during the past 12 months. Children were
excluded if they were diagnosed with other chronic lung
diseases or currently enrolled in another asthma study.
Parents were informed that the goal of the study was to
determine if providing parents and their child’s health care
provider with information about the child’s asthma health

Children
screened in
pediatric ED
N=1198

< Ineligible n=419

Potentially
eligible
children
n=1779

Unable to locate n=565
Inaccurate demographic
information on ED record or
telephone nonoperable

Assessed for

enrollment
n=214
P Refused/not
"‘ interested n=16
Children

recruited with
complete baseline
data
n=198

FIGURE 1.—Subject recruitment and retention flow chart.

status, that is, symptom frequency, medication adherence,
or cotinine level, would decrease the frequency of the
child’s ED visits for asthma. Parents who agreed to
participate received a home visit by a trained research
assistant to obtain written consent, administer the baseline
questionnaire, and obtain a saliva sample from the child
subject. Up to five attempts, at varying times and days,
were made to contact all potentially eligible participants
by telephone or home visit. Participants received $30.00
for completion of the baseline evaluation. The study
was approved by the Institutional Review Boards of the
Johns Hopkins University Medical Institutions and the
University of Maryland School of Medicine. The trial was
registered with clinicaltrials.gov with registration number
NCTO00860418.

MEASURES

Second-Hand Smoke Exposure

Salivary cotinine measurement and caregiver self-report
were used to assess the child’s level of SHS exposure.
Saliva samples were collected from each child using
two separate sorbettes (an applicator with small sponge,
the size of a small g-tip) that were placed under the
child’s tongue to collect 1 ml of saliva for analysis.
The sorbettes were placed in small micro-container and
sent to Salimetrics Laboratory, State College, PA, USA,
for enzyme immunoassay and results are reported as
nanograms per milliliter. The lower limit of cotinine
sensitivity is 0.05 ng/ml and average intra- and inter-assay
coefficients of variation were less than 5.8% and 7.9%,
respectively. Undetectable cotinine levels were recorded
as 0 (n = 5). We used 1.0 ng/ml as the cutoff point to
define SHS exposure based on prior studies (22, 23). We
achieved a 96% saliva collection rate from all children at
baseline (n = 190).

The baseline interview included detailed closed-ended
questions regarding household smoking behavior such
as number and identification of every household smoker
(caregiver, significant other, relatives, sibling, visitor),
number of cigarettes smoked per day by each smoker,
usual location of smoking (either outdoor, indoor, or
both locations), and if smoking occurred indoors, the
primary location of indoor smoking (living or TV room,
kitchen, dining room, parent’s bedroom, child’s bedroom,
basement). Because the caregiver was the predominant
household smoker (57%), we dichotomized household
smokers as caregiver versus other smokers. Home and
car smoking restrictions were ascertained by asking the
parent “How is cigarette smoking handled in your home?”
with one of three close-ended responses of (1) total
ban (“no one allowed to smoke in my home without
exception”), (2) partial ban (“only special guests are
allowed to smoke in my home or smokers are only
allowed to smoke in certain areas of my home”), or (3)
no ban (“people are allowed to smoke anywhere in my
home”) (24).
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Demographic Measures

Child demographic variables included age, gender, race
(African American/black, white, or other), ethnicity (His-
panic or non-Hispanic), and insurance status (Medicaid
or private insurance/self-pay). Caregiver characteristics
included age, relationship to child (mother or other),
education (less than high school, high school, or more),
employment (full-time, part-time, or not employed), and
income (<$10,000/yr, $11-29,999/yr, or >$30,000/yr).

Caregiver Daily Stress and Asthma Stress

Routine daily stress and daily asthma stress over the past
month were ascertained by using a 10-point visual analog
scale (VAS). Moderate-to-high reliability and validity
have been reported with VASs in assessment of pain
(r = 0.88-0.98) (25), appetite sensations (r = 0.42-0.85)
(26), and mood disorders (r = 0.82—-0.89) (27). We asked
caregivers to select the number between 0 and 10 on the
VAS that indicated their level of routine daily stress and
asthma stress. Daily asthma stress was defined as level
of stress related to caring for their child with asthma.
Anchors included “0” defined as no stress at all and
“10” reflecting the highest level of stress based on anchor
phrases in prior VAS mood scales (28).

Caregiver Depression

The Center for Epidemiological Studies-Depression scale
(CES-D) (29) is a 20-item self-report instrument, devel-
oped by the National Institute for Mental Health Center
for Epidemiologic Studies, used to measure caregiver
depression. It is designed to measure subject endorsement
of depressive symptoms and has strong reliability and
discriminant and convergent validity (29, 30). Participants
responded to items such as “I was bothered by things
that don’t usually bother me” with responses of “rarely”
(0), “some of the time” (1), “moderate amount of time”
(2), or “most of the time” (3). Total CES-D scores were
calculated and a clinical cutoff point score of 16 was
used to indicate the presence of depressive symptoms
(31). The cutoff point of “16” has been shown to have
high sensitivity (0.95) and specificity (0.70) in predict-
ing major depressive disorder in low-income minority
women (32).

Asthma Morbidity Measures

Caregiver reports of number of asthma symptoms (cough,
wheeze, shortness of breath, or chest tightness) days and
nights over the past 30 days, limitation of activity due to
asthma, ED and regular asthma care follow-up visits with
the child’s primary care provider (PCP), hospitalizations,
and controller or rescue medication use in the prior 6
months were collected. Asthma severity was assigned
using symptom frequency based on national asthma
guidelines categories (9). Asthma control was based on
parent response to the question “Was your child’s asthma
well controlled in the past four weeks?”” (Yes/No). Use of
asthma medications were examined using pharmacy refill
records. Pharmacy dispensation records of all asthma

medications dispensed over the 12-month period prior
to the baseline interview were used as an objective
measure of asthma medication use. Pharmacy records
were obtained from all pharmacies listed as being used
at baseline and were considered complete (97%) if every
pharmacy identified by caregivers as used for refills
submitted data for the follow-up period and included the
dispensing date, product name, strength, dosage form,
and quantity dispensed. Pharmacies also reported when
child had no fills at their site. Rescue medications
were defined as short-acting beta agonists (SABA).
Controller medications included inhaled corticosteroids,
leukotriene modifiers, long-acting beta agonists, and mast
cell stabilizers (cromolyn). Oral corticosteroid (OCS)
prescription fills were analyzed separately. Pharmacy
data were analyzed based on frequency and amount of
medication dispensed as previously reported (33, 34).

Statistical Analysis

Child salivary cotinine concentration was the primary
outcome measure for this analysis. Because there is no
safe level of cigarette smoke exposure for children (35),
cotinine concentrations were considered as a continuous
measure in our multivariate analysis even though the
lowest cotinine level of detection was low at 0.05 ng/ml.
Due to the non-normal distribution of salivary cotinine
concentrations, all cotinine values were log-transformed
for analysis. Student #-test and analysis of variance
statistics were used to compare univariate analysis
of cotinine levels between age groups of 3-5 years
(preschool) and 6-10 years (school aged), household
smoking behaviors including type of home and car
smoking ban, caregiver smoking status, and caregiver
depression and stress scores. Daily stress scores were
analyzed as a continuous variable and then dichotomized
into 0-5 versus 6-10 to compare low versus high daily
stress. Unadjusted differences in categorical independent
variables by cotinine level were conducted using standard
x2-tests and ANOVA for continuous variables. Stan-
dardized coefficients were used to examine variables in
multivariate models, standardizing all variables with a
variance of 1. Multivariate linear regression was used
to assess independent effects of child age, type of
home and car smoking ban, number of smokers in
the home, caregiver depression, and stress scores in
models predicting level of child cotinine concentrations.
Two-sided tests were used and p-values <.05 were
considered significant. All data analyses were performed
using SAS V.8.0 (36) and Stata V.8.2.0 (37) software.

RESULTS

Subject Characteristics

Children were primarily male (63%), African American
(95%), and enrolled in Medicaid (91%), with a mean age
of 5.5 years (Table 1). Caregivers were predominantly the
child’s biological mother (92%), achieved at least a high
school education (72%), single (66%), and had a mean
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TABLE 1.—Child and caregiver sociodemographic characteristics at
baseline (N = 198).

Characteristic Number (%)
Child
Gender
Male 124 (62.6)
Mean age(SD) 5.52.2)
Race/ethnicity
African American 188 (95.0)
Hispanic 3(1.5)
White 2 (1.0)
Other 5.5
Health insurance type
Medical assistance 181 (91.4)
Private insurance/self-pay 17 (8.6)
Caregiver
Birth mother 182 (91.9)
Birth father 7(3.5)
Grandmother/legal 9 (4.6)
guardian/stepfather
Education(V = 197)
9-11 years 56 (28.4)
HS graduate 79 (40.1)
Some college/technical school 52 (26.4)
College graduate 10 (5.1)
Marital status (N = 196)
Married 39 (19.9)
Single 130 (66.3)
Divorced/widowed/other 27 (13.8)
Mean age (SD) 32.3(9.7)
Employed (Full- or part-time)
Yes 87 (45.1)
Household income (N = 165)
<$10,000 74 (44.8)
$11,000-29,000 64 (38.8)
$30,000 or more 27 (16.4)

Daily stress score
Daily stress scores

Mean (SD) 6.80 (3.0)
0-5 75 (37.9)
6-10 123 (62.1)
Score of 10 or highest daily stress
score = 22%
Asthma daily stress scores (N = 197)
Mean (SD) 4.71 (3.8)
0-5 107 (54.3)
6-10 90 (45.7)

Score of 10 or highest asthma daily
stress score = 19%

Caregiver depression (N = 189)
>16 score (clinical depressive 65 (34.4)
symptoms)

age of 32 years. Overall, caregiver’s daily stress levels
were high (mean: 6.2 out of 10, SD 3.0) but somewhat
lower for asthma daily stress (mean 5.3 out of 10, SD
4.9). Over one-third (34%) of caregivers were categorized
with depressive symptoms based on score >16 on
the CES-D.

Table 2 shows that asthma morbidity was high, as
expected by the enrollment criteria, with over half (52%)
reporting 5 or more symptom days and 45% reporting
5 or more symptom nights during the past 2 weeks
with a mean of 3.1 ED visits over the past 6 months.
Almost half (46%) reported daily rescue medication use

TABLE 2.—Health characteristics at baseline (N = 198).

Characteristic Number (%)
Number of symptom days
past 2 weeks
0-4 95 (48.0)
5-13 56 (28.3)
14 (every day) 47 (23.7)
Number of symptom nights
past 2 weeks (N = 197)
04 108 (54.8)
5-13 40 (20.3)
14 (every night) 49 (24.9)
Rescue medication use past 4
weeks (N = 185)
Not at all or once a week 39 (21.1)
Few times per week 60 (32.4)
1 or 2 times a day 58 (31.4)
3 or more times a day 28 (15.1)
Number of steroid courses
past 6 months (N = 193)
None 15 (7.8)
1 73 (37.8)
2 50 (25.9)
3 31 (16.1)
4 or more 24 (12.4)
Asthma control past 4
weeks (parent report)
Yes 108 (54.8)
No 66 (33.5)
Unsure 23 (11.7)
Limitation of activity past 4
weeks (N = 197)
Not at all 44 (22.3)
1-3 days 50 (25.4)
4-10 days 46 (23.4)
11 or more days 57 (28.9)
School days missed last 6
months due to
asthma (N = 190)
None 37 (19.5)
1-5 70 (36.8)
6-10 43 (22.6)
11 or more days 40 (21.1)
Health care utilization
Regular asthma follow-up
visits past 6 months
Mean (SD)
None 21 (10.6)
1 48 (24.2)
2 53 (26.8)
3 35(17.7)
4 or more 41 (20.7)
Number of hospitalizations
for asthma past 6
months (N = 194)
None 132 (68.0)
1 48 (24.8)
2 or more 14 (7.2)
Number of ED visits for
asthma past 6
months (N = 196)
Mean (SD) 3.1(2.7)
None 7(3.6)
1 44 (22.5)
2 57 (29.0)
3 or more 88 (44.9)
Seen by asthma specialist in
past 2 years
Yes 37 (19.2)
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and limited activity for 4 or more days per last 4 weeks
(52%); yet, most caregivers (55%) reported feeling that
their child’s asthma was controlled. Few children (19%)
received asthma specialty care over the past 2 years.

Second-Hand Smoke Exposure and Household Smoking
Characteristics

More than half of the children (53%) had evidence
of SHS exposure based on a cotinine concentration
level >1.0 ng/ml, and 63% of the children lived in
a home with a smoker by self-report (Table 3). Mean
salivary cotinine level was high at 2.42 ng/ml (SD 3.2)
with a range of 0 to 21.3 ng/ml. Mean log cotinine
concentration was 0.006 ng/ml (SD 1.5). The child’s
caregiver was the predominant smoker in the home (57%),
although one in four children lived in a home with more
than one smoker. In homes with multiple smokers, the
caregiver and her significant other were the predominant
smokers (70%) followed by a relative or regular visitors
(25%). In homes with only one smoker, the caregiver
remained the predominant smoker (43%) followed by her
spouse/significant other (25%) and a relative or visitor
(32%). Among caregivers who smoked, their bedroom
was the most common indoor smoking location and 45%
reported only smoking outdoors. Total home smoking
bans were reported in almost two-thirds (63%) of homes,
and 76% reported a total car smoking ban.

As shown in Table 4, significantly higher mean
cotinine levels were noted in younger children, children
residing in homes with a higher number of household
smokers, homes with no or a partial home smoking
ban, and homes with a caregiver reporting depressive
symptoms and greater than moderate levels of daily stress
scores. A trend was noted for higher mean cotinine
concentration in children when their caregiver was the
household smoker (p = .07). Cotinine concentrations
did not differ by any health characteristic. Cotinine
concentrations did not differ by gender, level of asthma
control, number of SABA, inhaled corticosteroids, and
OCS fills over the past year, number of symptom days
during the past month, or number of ED visits over the
past 6 months (Table 4).

When comparing mean cotinine levels by type of
home smoking ban (no restrictions, partial restrictions,
or total home smoking ban) and by child age (younger
vs. older children), mean cotinine concentrations were
significantly lower in older children who live in a home
with a complete smoking ban, as compared to older
children who lived in a home with no or partial restrictions
on smoking (mean cotinine: 0.63 vs. 2.58 vs. 4.85 ng/ml,
respectively, p < .05) (Table 5). However, this trend was
not as striking for younger children. Younger children
who lived in a home with a complete smoking ban had
significantly higher cotinine concentrations compared to
older children living in a home with a complete smoking
ban (mean cotinine: 3-5 year olds, 2.24 ng/ml; 6-10 year
olds, 0.63 ng/ml).

TABLE 3.—Child and caregiver/household smoking characteristics.

Child characteristics Number (%)

Positive SHS exposure based on cotinine 105 (53%)
measurement(cotinine > 1 ng/ml)®

Positive SHS exposure based on 124 (63%)

caregiver report of exposure

Mean (SD) cotinine concentration (range
0-21.3 ng/ml)

Caregiver/household smoking
characteristics

Smoker in home based on caregiver
report (N = 124)0

2.39 ng/ml (3.2)

Caregiver 70 (56.5)

Spouse/significant other 21 (16.9)

Relative 24 (19.4)

Sibling 3(24)

Visitor (regular household visitor) 6(4.8)
Number of smokers in the home®

0 77 (38.9)

1 72 (36.4)

2 38 (19.2)

3 or more 11(5.5)
Caregiver number of cigarettes

smoked/day (N = 118)

1-4 cigarettes/day 41 (34.7)

5 or more cigarettes/day 77 (65.3)
Primary indoor smoking location

(N = 106)

Caregiver bedroom 40 (37.7)

Living room or TV room 20 (18.9)

Kitchen 21 (19.8)

Dining room 16 (15.1)

Child’s bedroom 9 (4.68.5)
Caregiver smoking indoor/outdoor

Outdoor only 56 (45.2)

Indoor/outdoor 60 (48.4)

Indoor only 8(6.4)
Type of home smoking ban

Total 124 (62.6)

Partial 50 (25.3)

None 24 (12.1)
Type of car smoking ban

Total 150 (75.8)

Partial 29 (14.6)

None 19 (9.6)

Notes: 2Based on prior studies (22,23).

N = 124 smokers in the home based on caregiver report of “Who are the smokers
in your home?”

CThree children misclassified by caregiver as living in household with no
smokers; 124 household smokers identified when asked “Who is smoker in the
home?”

Multivariate Analysis of Factors Associated with
Baseline Cotinine Levels

In a multivariate linear regression model estimating
baseline cotinine level, we found that increased number
of household smokers (8 = 0.24), younger child age
(3-5 years) (8 = 0.23), having a household smoking
ban (8 = 0.20), caregiver report of depressive symptoms
(B = 0.17), and living with a caregiver who smokes
(B = 0.16) all were associated with higher cotinine
concentrations in the children (p < .001, R? = 0.35)
(Table 6). When a similar multivariate model was tested
using child age and caregiver daily stress scores as
continuous variables, child age, having a home smoking
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TABLE 4.—Child cotinine levels by sociodemographic and health characteristics (N = 190).

Characteristic

Cotinine
[mean (SD)]

Statistic for difference in cotinine
concentrations®

Child age
3-5 years
6-10 years
Child gender
Male
Female
Number of smokers in home

AW = O

Smoker in home
Caregiver
Other household member
Type of home smoking ban
Total
Partial
No restrictions
Type of car smoking ban
Total
Partial
No restrictions
Caregiver depression (CES-D scores)
0-15
16-55 (depressive symptoms)
Caregiver daily stress score (0-10)
0-5
610 (>moderate daily stress)

Caregiver daily asthma stress score (0—10)

0-5
6—10 (>moderate daily stress)
Health characteristics
Asthma control
Yes
No
SABA fills past 12 months
0-2
3-5
6 or more
ICS fills past 12 months
0-2
3-5
6 or more
Oral corticosteroid fills past 12months
0-2
3-5
6 or more
Symptom days
0-3 days
4-10 days
11+ days
Number ED visits past 6 months
0-1
2-3
4 or more

2.88 (3.7)
175 (2.3)*

231 (3.3)
251 3.1)

1.19 (2.0)
2.64 (3.4)
324 (2.7)
434 (2.7)

11.06 (10.6)**

3.28 (3.0)
2.93 (4.3)

1.62 (2.6)
3.45 (4.1)
4.02 (2.9)**

2.08 (3.0)
2.81(3.7)
4.16 (3.8)**

1.98 (3.1)
3.20 (3.4)**

1.85(2.7)
2.71 (3.5)

2.13(2.9)
2.70 (3.6)

2.69 (3.7)
2.15(2.8)

174 (2.2)
3.38 (3.9)
2.64 (4.2)

2.46 (3.3)
1.07 (1.1)
3.49 (4.6)

2.46 (3.3)
1.07 (1.1)
3.49 (4.6)

2.39 (3.2)
2.85(3.9)
2.07 (2.7)

234 (3.8)
2.61 (3.2)
2,01 (2.7)

F=814,df =1, p = .005

F=004,df=1,p=84

F = 12.88,df = 4, p <.0001

F=340,df=1,p=.07

F =20.08,df =2, p <.0001

F=582,df=2,p=.004

F=1242,df = 1, p = .0005

F=383,df=1,p=.05

F=193,df=1,p=.17

F=0.76,df=1,p=.39

F=058df=2,p=.55

F=160,df=2,p=21

F=0.18,df=2,p= .84

F=038,df=2,p=.69

F=033,df=2,p=72

Note: Children with low cotinine levels (less than or equal to 1.0 ng/ml) were significantly more likely to reside in a
home with a total home smoking ban than children with >1.0 ng/ml cotinine levels (low cotinine: 85% vs. high cotinine:
47%, p < .001) and were older (mean age, low cotinine: 6.0 versus high cotinine: 5.5 years).

4Cotinine was log-transformed for the analysis of differences by variable.

*p <.05,%p < .01.
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TABLE 5.—Mean (SD) cotinine levels by type of home smoking ban for
younger versus older children.

Type of home smoking ban

No restrictions Partial restrictions

Age group™ (ng/ml) (ng/ml) Total ban (ng/ml)
3-5-year-olds 3.74 (3.8) 4.28 (4.3) 2.24 (3.5)
6-10-year-olds 4.85(2.4) 2.58 (2.6) 0.63 (1.0)

Note: *p < .05.

TABLE 6.—Multivariate regression model predicting log cotinine levels.

Predicting log cotinine level

(N =190)
Standardized g P-value

Child age

3-5 years 0.23 <.001

6-10 years a
Number of smokers in home 0.24 .002
Type of home smoking ban

Total a

Partial 0.20 .003

None 0.20 .004
Caregiver CES-D score

0-15 a

>16 0.17 .02
Caregiver daily stress score

0-5 a

6-10 —0.03 .69
Caregiver is smoker

Yes 0.16 .03

No a

Note: *Reference group.

ban, and number of smokers in the home were the only
variables significantly associated with the child’s cotinine
level. Number of symptom days, number of SABA
and OCS fills during past 12 months, and interaction
terms between child age and type of home smoking ban
included in other models were not associated with higher
child cotinine concentrations.

DisCcUSSION

Young inner-city children with asthma continue to be
exposed to SHS, despite its known association with
increased chronic airway inflammation, risk for severity
of asthma (1-6), and difficulty in managing asthma
symptoms (7, 8). Alarmingly, in our community-based,
inner-city sample of high-risk young children with
asthma, over half were exposed to SHS and their caregiver
was most commonly the household smoker. This rate of
SHS exposure exceeds the 2007-2008 US rate (18.2%)
of children aged 3-1lyears living with someone who
smoked inside the home (38) and is consistent with
previously reported ranges of low-income children with
asthma who reside with >1 smoker (47-69%) (12, 14,
22, 39).

Young child age and increased number of household
smokers had the strongest associations with the child’s

SHS exposure. Young children are particularly at risk
for high SHS exposure because they may spend up to
90% of their time in the home (40). This is a particular
concern in light of our data indicating that many children
lived in a home with two or more household smokers.
The predominant household smoker was the child’s
caregiver who generally was the biological mother. Our
rate of caregiver smoking is comparable to prior reports
of low-income children with asthma (24). For young,
preschool aged children, caregiver smoking likely results
in close proximity and prolonged exposure between the
smoker and the child. Moreover, most caregivers reported
smoking in their own bedroom, which is likely in close
proximity to the child.

Importantly, younger children had significantly higher
cotinine levels than older children even when a total
smoking ban was reported in the home. This suggests
that total home smoking bans may be less effective
for younger children. One explanation for this is that
the young child may need to accompany the caregiver
outside the home for the caregiver to smoke, thus the
child remains exposed to SHS. Alternatively, caregivers
may be less likely to truly implement a total home ban
due to the difficulty leaving a young child alone in the
home in order to smoke elsewhere. Moreover, the child
also may experience significant exposure to smoke at an
outside location, such as at a childcare site or relative’s
home.

Caregiver depression and stress were high in this
group of families with over one-third of the caregivers
endorsing symptoms compatible with depression and al-
most two-thirds endorsing moderate-to-high daily stress.
Interestingly, daily asthma stress was somewhat less
prevalent, suggesting that the management of a child’s
asthma may have been less stressful than the daily stress
of food and housing insecurity, neighborhood violence,
and ongoing family illnesses. We observed an association
between caregiver report of depressive symptoms and
higher child cotinine levels as noted in prior studies (22).
This suggests that counseling for caregivers who smoke
needs to incorporate both psychosocial screening and
support.

Of note is the discordance between caregiver’s percep-
tion of the child’s well-controlled asthma and moderately
high symptom frequency and increased limitation of
activity. Over half of caregivers rated their child’s
asthma as controlled, yet 52% reported limitation of
activity of the child at least 4 or more days per month.
This discordance may suggest caregiver tolerance of
suboptimal respiratory status of the child, inappropriate
expectation of child exercise capability, or poor symptom
recognition by the caregiver or child, and highlights
the need for caregiver education of accurate symptom
recognition.

Pediatric providers can play an important role in
reducing child SHS exposure by providing counseling
for smoking cessation (41). Nationally 70% of smokers
report a desire to quit each year, yet only 34% attempt
and only 10% succeed in quitting and remain tobacco-free
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for a year (35). Unfortunately, quit rates are lowest
in less educated adults (42) represented by one out of
four caregivers in our study population. Opportunities
for primary care providers to address caregiver smoking
cessation are numerous if families adhere to the schedule
of well child and asthma care visits (41). For caregivers
who are not ready to quit, providers can promote
implementation of home smoking bans to protect their
child from SHS exposures. However, it is important to
note that we found that cotinine concentrations were
elevated even among children whose caregivers reported
a total home smoking ban, particularly for those less than
6 years of age. It may be that more specific counseling
for parents of young children is needed to help them
implement a truly effective home smoking ban, in that our
data may reflect parental inability to enforce a total home
smoking ban. Further, periodic child cotinine testing
may provide valuable feedback to families about the
effectiveness of their efforts.

Our data also support the need for stronger policies
for restricting SHS exposure in locations outside the
home where children spend a large proportion of time.
A child may be exposed to smoke in various locations,
including the homes of extended family, neighbors, and
child care settings (43, 44). Recent data also suggest that
children living in apartments might be exposed to SHS
from smokers in nearby apartment units (45). Promoting
a larger ecological change in culture that includes
community-wide adjustment in restricting smoking in
private residences may help to reduce SHS exposure for
children (43, 46).

Our study has limitations to be noted. First, we were
unable to account for all SHS exposures outside of
the home, and household smoking behavior was based
only on caregiver report. Salivary cotinine concentrations
reflect SHS exposure at one point in time and may not
reflect long-term exposure. However, caregiver report
of SHS exposure among children with asthma remains
relatively stable over time (12). We purposely enrolled
high-risk children with significant asthma morbidity into
our study, and this may have limited our ability to
detect differences in asthma morbidity by levels of smoke
exposure. Lastly, our findings can only be generalized to
similar populations.

CONCLUSION

Over half of young high-risk children with asthma were
exposed to SHS and their caregiver was the predominant
household smoker in this sample of inner-city children.
Younger children and children with depressed and
stressed caregivers were at significant risk of smoke
exposure, even when a household smoking ban was
reported. Further, advocacy for these children needs to
include stronger efforts to reduce SHS exposure in private
spaces, especially for young children, with the goal to
eliminate SHS exposure.
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