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AbsTRACT 
background Secondhand smoke (SHS) exposures have 
been linked to asthma-related outcomes but quantitative 
dose–responses using biomarkers of exposure have not 
been widely reported.
Objectives assess dose–response relationships 
between plasma cotinine-determined SHS exposure 
and asthma outcomes in minority children, a vulnerable 
population exposed to higher levels of SHS and under-
represented in the literature.
Methods We performed analyses in 1172 latino 
and african-american children with asthma from 
the mainland USa and Puerto rico. We used logistic 
regression to assess relationships of cotinine levels 
≥0.05 ng/ml with asthma exacerbations (defined as 
asthma-related hospitalisations, emergency room visits or 
oral steroid prescription) in the previous year and asthma 
control. the shape of dose–response relationships 
was assessed using a continuous exposure variable 
in generalised additive logistic models with penalised 
splines.
Results the Or for experiencing asthma exacerbations 
in the previous year for cotinine levels ≥0.05 ng/ml, 
compared with <0.05 ng/ml, was 1.40 (95% ci 1.03 to 
1.89), while the Or for poor asthma control was 1.53 
(95% ci 1.12 to 2.13). analyses for dose–response 
relationships indicated increasing odds of asthma 
outcomes related with increasing exposure, even at 
cotinine levels associated with light SHS exposures.
Conclusions exposure to SHS was associated with 
higher odds of asthma exacerbations and having poorly 
controlled asthma with an increasing dose–response 
even at low levels of exposure. Our results support the 
conclusion that there are no safe levels of SHS exposures.

InTROduCTIOn
Exposure to secondhand smoke (SHS) has been 
linked to multiple adverse health effects, including 
cardiovascular disease and respiratory diseases such 
as lung cancer and asthma.1–4 Despite public health 
awareness efforts including legislation aimed at 
protecting non-smokers from SHS exposure, and 

an overall decreasing trend in exposures, SHS expo-
sure remains a prevalent risk factor worldwide, 
contributing to a large portion of overall disease 
burden and mortality in adults and children.4–7 In 
the USA, more than 40% of children aged 3–11 are 
estimated to be exposed to some SHS.7 Disparities 
exist in the prevalence of SHS exposures based 
on race/ethnicity and socioeconomic status, with 
non-Hispanic blacks and those living in poverty 
being more likely to be exposed.7–9 Under-rep-
resented populations are also more burdened 
by asthma in the USA, with higher prevalence of 
asthma morbidity and mortality in African Ameri-
cans and Puerto Ricans compared with European 
Americans.10 11 SHS exposure is linked with asthma 
exacerbations, poor asthma control and increased 
asthma symptoms among children with asthma.12–17

Objective measures of SHS exposures in epide-
miological studies rely on biochemical testing for 
assessment of tobacco smoke, which usually focus 

Key messages

What is the key question?
 ► This study aims to assess the shape of 
the dose–response relationship between 
secondhand smoke exposures as measured 
by plasma cotinine and asthma outcomes, in 
minority children with asthma.

What is the bottom line?
 ► Our results suggest an increase in odds of 
asthma exacerbations and poor asthma 
control with increasing exposure, even at 
levels associated with light secondhand smoke 
exposures.

Why read on?
 ► We provide a quantitative dose–response 
assessment of the relationship between 
secondhand smoke exposure and asthma 
outcomes in a vulnerable population that is 
understudied in the respiratory health literature.
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on metabolites of nicotine, one of the major constituents of 
tobacco smoke and the primary determinant of addiction to 
tobacco products.18 Quantitative dose–response relationships 
between SHS exposure and asthma outcomes using biomarkers 
of exposure, however, are not widely reported in the literature. 
Furthermore, quantification of exposure using nicotine metab-
olites may be further complicated by race/ethnicity. Nicotine is 
metabolised at different rates by different racial/ethnic groups, 
with African Americans on average metabolising nicotine at a 
slower rate compared with European Americans, while smaller 
or not significant differences between Latinos and European 
Americans are reported.19–22 Higher measured levels of cotinine, 
the nicotine metabolite most commonly used to assess nicotine 
exposure, observed in African Americans23 may be the result of 
higher tobacco smoke exposures and slower metabolism and 
clearance.24 It is therefore possible that race/ethnicity specific 
differences in nicotine metabolism may also lead to perceived 
differences of dose–response by race/ethnicity that are not neces-
sarily due to differential susceptibility to exposure effects.

In this study we examined the relationship of SHS exposure 
as measured by plasma cotinine, the primary proximate metab-
olite of nicotine, with exacerbations and disease control in Afri-
can-American and Latino children with asthma. Our analyses 
included a quantitative assessment of dose–response between 
levels of plasma cotinine and odds of asthma outcomes.

MeThOds
study population
The study is based on subsamples of participants from the 
Gene-environments and Admixture in Latino Americans (GALA 
II) study and the Study of African Americans, Asthma, Genes 
and Environments (SAGE II) from whom plasma cotinine data 
were available. GALA II and SAGE II are described in detail else-
where.25 Briefly, GALA II and SAGE II are parallel case–control 
studies of asthma conducted among Latino and African-Amer-
ican children, respectively. GALA II recruited Latinos from five 
regions (Chicago, IL; Bronx, NY; Houston, TX; San Francisco 
Bay Area, CA; and Puerto Rico) and SAGE II recruited African 
Americans from the San Francisco Bay Area only. Participants 
whose parents identified as Latino or African American (or 
self-identified as Latino or African American if 18 or older), 
and had four Latino or African-American grandparents, were 
recruited for the two studies, respectively. Additionally, partic-
ipants were 8–21 years old, aiming to ensure a homogenous 
case population among those who were old enough to perform 
spirometry, as lung function was one of the outcomes considered 
in the parent studies. Pregnant women in their third trimester 
were excluded, because the progression of their pregnancy 
would have interfered with lung function measurements. Addi-
tional exclusion criteria included a history of lung or chronic 
diseases other than asthma, and current smokers, or those 
with at least 10 pack-years smoking history. Asthma cases were 
defined as subjects with a physician diagnosis of asthma, plus 
two or more symptoms of coughing, wheezing or shortness of 
breath in the past 2 years. The current study was restricted to a 
subsample of 1208 asthma cases, selected for cotinine analysis 
as part of a separately funded study. Online supplementary table 
S1 summarises demographic characteristics in the selected 1208 
cases and the total number cases from the two parent studies.

Outcomes and covariates
Asthma exacerbations and asthma control were the primary 
outcomes of interest and were assessed based on information 

collected through questionnaires administered in person with 
the children’s parents/caretakers by trained bilingual (English-
Spanish) interviewers, or the participants themselves if they 
were 18 or older. Asthma exacerbations in the previous year 
were defined as any asthma-related hospitalisation or emer-
gency room (ER) visit, or prescription of oral steroids for 
asthma during the 12 months prior to recruitment. Each of 
(1) asthma-related hospitalisations, (2) asthma-related ER visits 
and (3) prescription of oral steroids, as well as a combined 
category of all three types of exacerbations were assessed as 
separate measures of the outcome. Asthma control was clas-
sified according to National Heart, Lung and Blood Insti-
tute measures26 into three categories: controlled, not well 
controlled and very poorly controlled asthma. Relationships 
between ‘controlled’ asthma as a referent category compared 
with ‘not well controlled’ and ‘very poorly controlled’ as a 
combined category, as well as each of the ‘not well controlled’ 
and ‘very poorly controlled’ categories to ‘controlled’ asthma 
were assessed separately.

Measures of demographic information (including maternal 
education and whether the family had health insurance), medical 
histories and environmental exposures were collected through 
the questionnaires. Information was also collected on maternal 
smoking during pregnancy, as well as current smoking habits of 
both parents in the house, other smokers in the house and total 
number of current smokers in the household.

Cotinine and nicotine metabolite ratio
Blood samples from participating children were collected at 
baseline at the same time as questionnaire administration. 
Samples from participants in the current study were analysed for 
the nicotine metabolites cotinine and 3-hydroxycotinine (3HC) 
by liquid chromatography-tandem mass spectrometry.27 The 
lower limit of quantitation (LOQ) for this assay depends on the 
volume of plasma available. The volumes available in our study 
ranged from 0.1 to 1.0 mL, with the LOQ ranging from 0.2 to 
0.02 ng/mL, respectively. The LOQ was 0.05 ng/mL or less for 
1112 (92.1%) of the samples. Participants with plasma cotinine 
levels >10 ng/mL (n=36) were considered to be active smokers28 
and excluded from the analyses for the relationships between 
SHS exposure and asthma outcomes resulting in a final sample 
of 1172 participants. Figure 1 illustrates participant inclusion 
from each of the parent studies, GALA II and SAGE II, resulting 
in an analytical sample of 1172.

A binary exposure variable was created with subjects deemed 
exposed to SHS if plasma cotinine levels were above 0.05 ng/
mL, or above the LOQ if that was higher than 0.05 ng/mL, 
and otherwise unexposed. In a previous study using National 
Health and Nutrition Examination Survey data, cotinine 
concentrations less than 0.05 ng/mL were deemed to result 
from not being recently been exposed to SHS, or to have been 
exposed at low levels that the exposure could not be detected.28 
A continuous exposure variable (log transformed) was used in 
analyses for dose–response, with subjects without quantitative 
measures assigned the sample LOQ. The nicotine metabolite 
ratio (NMR), the ratio of 3HC and cotinine, is an indicator 
of enzymatic activity of the liver enzyme CYP2A6, which is 
primarily responsible for nicotine metabolism.23 Higher NMR 
is correlated with higher rate of nicotine metabolism. NMR 
values were available only in participants with both cotinine and 
3HC levels measured above the LOQ (n=421, of which 372 
had plasma cotinine <10 ng/mL).
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Figure 1 Flow chart illustrating participant inclusion from the two parent studies (GALA II & SAGE II) in the current study. GALA, Gene-
environments and Admixture in Latino Americans; SAGE, Study of African Americans, Asthma, Genes and Environments. 

statistical analyses
We assessed associations of self-reported SHS exposure (any 
current smokers reported in the household vs none) and 
cotinine-assessed SHS exposure with asthma outcomes. Associ-
ations between binary cotinine exposure and asthma exacerba-
tions in the previous year were examined using logistic regression 
models (separate models for asthma-related hospitalisations, 
asthma-related ER visits, oral steroid prescription and any of 
the three exacerbations combined). Logistic regression was also 
used to assess associations between binary cotinine and asthma 
control using ‘controlled’ asthma as reference compared with 
those with ‘not well controlled’ and ‘very poorly controlled’ 
in a combined category. We also applied multinomial logistic 
regression comparing each of the ‘not well controlled’ and ‘very 
poorly controlled’ categories with ‘controlled’ asthma separately. 
All of the models included age, sex, race/ethnicity, recruitment 
region, an indicator variable for self-reported maternal smoking 
during pregnancy, a categorical variable for maternal education 
(less than high school, high school or equivalent, at least some 
college) and an indicator variable for whether the family had 
health insurance. We also considered NMR as a covariate using 
50 imputed data sets to account for missing NMR values in 
models for the entire study sample as well as stratified by parent 
study, as a proxy for racial/ethnic group. Multiple imputation 
was implemented using multivariate imputation by chained 
equations.29

Quantitative dose–response relationships between continuous 
cotinine levels and each of the above outcomes were assessed 
in generalised additive models, extensions of generalised linear 
models in which the linear predictors depend on smoothing 
functions of predictors such as spline functions.30 We used 
penalised spline terms for the effect of cotinine levels. We also 
fitted generalised additive models including an interaction term 
between exposure and an indicator variable for parent study 
(GALA II vs SAGE II, as a proxy for racial/ethnic group).31 All 

analyses were carried out using R software (V.3.3.3, R Develop-
ment Core Team, Vienna, Austria).

ResulTs
Demographic characteristics for the study sample in question 
are summarised in table 1. Briefly, mean±SD deviation age was 
13.1±3.4, and 53% of participants were male with similar 
distribution of sex between participants from GALA II and 
SAGE II.

Figure 2 illustrates plasma cotinine distributions by race/
ethnicity among those with plasma cotinine measured above 
the sample LOQ. African Americans had higher cotinine levels 
compared with Latinos, (respective mean±SD of 0.51±1.41 and 
0.20±0.58, two-sample t-test p=0.00013, with sample LOQ 
assigned to participants without levels measured above the 
LOQ). There was an increasing trend of plasma cotinine levels 
with reported number of current smokers in the household, 
though 315 of 777 (41%) participants with no current smokers 
reported in the household had measured levels of cotinine above 
0.05 ng/mL (or the LOQ if higher than 0.05 ng/mL). Summary 
statistics on plasma cotinine levels, overall and by self-reported 
number of smokers in household are presented in table 2.

Table 3 summarises results for the associations between binary 
variables of self-reported (presence of any current smokers in 
the household) and biomarker-based (binary cut-off of 0.05 ng/
mL or LOQ if higher than 0.05 ng/mL) measures of SHS expo-
sure and asthma outcomes. Associations between self-report of 
any current smoker in the household and asthma exacerbation 
variables were not strong, but self-reported exposures were 
associated with increased odds of uncontrolled asthma with 
the OR comparing ‘very poorly controlled’ with ‘controlled’ 
asthma reaching statistical significance (OR: 1.79, 95% CI 1.18 
to 2.70). Exposure to any SHS determined by plasma cotinine 
levels above 0.05 ng/mL (or LOQ if higher than 0.05 ng/mL) was 
positively associated with all asthma outcomes. Although not 
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Table 1 Demographic characteristics in a sample of 1208 Latino and 
African-American children with asthma, from the GALA II (n=836) and 
SAGE II (n=372) parent studies, recruited between 2006 and 2011

Characteristic
GAlA II
n (%)

sAGe II
n (%)

Age (mean (SD)) 13.1 (3.4) 13.1 (3.4)

Male 442 (52.9) 201 (54.0)

Race/ethnicity

  Mexican 157 (18.8) – 

  Other Latino 15 (1.8) – 

  Puerto Rican 664 (79.4) – 

  African American – 372 (100)

Maternal education

  Fifth grade or less 25 (3.0) 0 (0)

  Grades 6–11 183 (22.0) 18 (4.9)

  High school graduate or equivalent 223 (26.8) 103 (28.1)

  At least some college 401 (48.2) 245 (66.9)

Health insurance 806 (97.2) 369 (99.2)

Any current smokers reported in 
household*

159 (23.4) 99 (26.6)

Recruitment region

  Chicago 74 (8.9) – 

  Houston 34 (4.1) – 

  New York 81 (9.7) – 

  Puerto Rico 598 (71.5) – 

  SF Bay Area 49 (8.9) 372 (100)

Asthma control†

  Controlled 132 (19.4) 123 (33.1)

  Not well controlled 265 (39.1) 106 (28.5)

  Very poorly controlled 281 (41.4) 143 (38.4)

Asthma exacerbations in the past 12 months†

  Hospitalisations 92 (11.1) 8 (2.2)

  ER visits 478 (58.3) 112 (31.2)

  Oral steroid prescription 370 (44.7) 62 (17.0)

Percentages for variables with missingness are based on the totals with complete 
data.
*Self-reported number of current smokers in the household is limited to 679 of the 
GALA II subjects.
†Asthma control was available for 678 of the GALA II subjects due to missingness 
in the information required for the variable definition. Information on asthma 
exacerbations was available in 1182, 1179 and 1192 subjects, respectively, for 
hospitalisations, ER visits and oral steroid prescription.
ER, emergency room; GALA, Gene-environments and Admixture in Latino 
Americans; SAGE, Study of African Americans, Asthma, Genes and Environments; SF, 
San Francisco. 

always statistically significant, associations for asthma exacerba-
tions were above the null for all definitions, but stronger and 
statistically significant for oral steroid prescriptions which seem 
to be driving the overall association. Analyses adjusting for NMR 
using multiple imputed data sets yielded similar estimates, with 
an OR for experiencing asthma exacerbations in the previous 
year for cotinine levels ≥0.05 ng/mL, compared with <0.05 ng/
mL of 1.37 (1.01–1.87). ORs for asthma control were 1.41 
(0.99–2.00) for ‘not well controlled’ versus ‘controlled’ asthma 
and 1.82 (1.28–2.59) for ‘very poorly controlled’ versus 
‘controlled’ asthma.

Quantitative dose–response relationships between continuous 
plasma cotinine levels and asthma exacerbations are presented 
in figure 3, and relationships for asthma control are presented in 
figure 4. An increasing dose–response was observed for asthma 
exacerbations over the range of cotinine levels though p values 
for the overall null hypothesis for the smoothing terms were not 
statistically significant. Increasing dose–response was observed 
for asthma control when comparing ‘very poorly controlled’ 
with ‘controlled’, with a steeper increase at lower levels of 
exposure and a plateauing effect at higher levels (p=0.024), 
but no apparent dose–response was seen when comparing ‘not 
well controlled’ with ‘controlled’. The OR comparing ‘very 
poorly controlled’ with ‘controlled’ asthma was 1.68 (95% CI 
1.16 to 2.43) for an increase in exposure from 0.05 ng/mL (used 
as cut-off for unexposed) to 1 ng/mL (considered indicative of 
minor to moderate SHS exposures).28

Effect estimates by study for a binary exposure by study from 
multiply imputed data sets for NMR are depicted in table 4. Using 
a binary exposure cut-off, effect estimates for asthma control 
appeared stronger in African-American children compared with 
Latino children, but the same was not true for asthma exacerba-
tions. Quantitative dose–response relationships by study from 
models using penalised splines are illustrated in online supple-
mentary figure S1.

dIsCussIOn
We observed increased odds of asthma exacerbations as well as 
increased odds of having poorly controlled asthma among Afri-
can-American and Latino children associated with SHS expo-
sures determined by plasma cotinine levels. We also observed 
suggestive dose–response relationships even at lower exposure 
concentrations. To our knowledge, such quantitative dose–
response relationships between SHS exposure measured using 
plasma cotinine levels and asthma outcomes have not been previ-
ously reported in the literature. The relative increase in odds of 
adverse asthma outcomes with increasing exposure, especially 
concerning poor asthma control, was steeper at the lower range 
of exposures, with large increases in odds of adverse outcomes 
reached even at levels of cotinine associated with only minor 
SHS exposures (0–1 ng/mL).28 These findings suggest that even 
low levels of SHS exposure can result in adverse asthma-related 
effects, further supporting the guidelines stating that there are 
no safe levels of SHS exposure.4

Associations between asthma outcomes in children and SHS 
exposure have been reported in the literature with exposures 
associated with increased risk of asthma, asthma exacerbations, 
wheezing and reduced lung function.4 14 16 17 Tobacco smoke is 
a mixture of compounds, including carbon and nitrogen oxides, 
particulate matter, nitrosamines, polycyclic aromatic hydrocar-
bons, carbonyls and other chemicals, many of which are known 
toxicants that can induce inflammation and altered immune 
responses.32 We observed associations between SHS exposure 
and increased odds of poor asthma control, which appeared 
stronger in African-American children compared with Latino 
children, but associations with asthma exacerbations were more 
similar by race/ethnicity. Findings of differences in the strengths 
of the cotinine-asthma outcome relationships by race/ethnicity 
may indicate a difference in susceptibility, but should be inter-
preted with caution as metabolic rates of cotinine differ by race/
ethnicity.28 33 Given the observed metabolic differences, cotinine 
levels in African Americans may result from lower external 
exposure to tobacco smoke than the same levels in populations 
that metabolise nicotine at faster rates.24 Measured cotinine in 
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Figure 2 Beanplots for plasma cotinine levels by race/ethnicity. The shapes of the beans represent density traces for the respective distributions in 
each group, mirrored on the vertical axis. Solid lines represent the group-specific median values, while the dotted line represents the overall median 
value.

Table 2 Summary statistics for plasma cotinine levels, overall and 
by self-reported number of smokers in the household (participants 
without measured cotinine levels above the LOQ were assigned the 
sample LOQ)

Participants by self-reported shs
Median plasma cotinine and IQR (ng/
ml)

Overall (n=1172) 0.05 (0.02, 0.17)

Current smokers in the household*

  0 (n=777) 0.03 (0.02, 0.12)

  1 (n=181) 0.14 (0.04, 0.42)

  ≥2 (n=58) 0.28 (0.08, 0.99)

*Data restricted to 1016 participants with self-reported SHS exposure data.
LOQ, lower limit of quantitation; SHS, secondhand smoke. 

Table 3 Associations between SHS exposure (defined using self-
report and measured plasma cotinine (>0.05 ng/mL or above the limit 
of quantification if higher than 0.05 ng/mL)) and asthma outcomes

Asthma outcomes

OR (95% CI)

self-reported 
exposure*

Plasma cotinine 
determined 
exposure

Asthma exacerbations in the previous 
12 months†

1.08 (0.75 to 1.57) 1.40 (1.03 to 1.89)

  Hospitalisations 1.77 (0.79 to 3.95) 1.26 (0.60 to 2.67)

  ER visits 1.21 (0.70 to 2.09) 1.07 (0.65 to 1.75)

  Oral steroid prescription 1.00 (0.71 to 1.41) 1.54 (1.18 to 2.04)

Asthma control (binary outcome)‡ 1.62 (1.09 to 2.38) 1.53 (1.12 to 2.13)

  Not well controlled versus controlled 1.43 (0.93 to 2.21) 1.39 (0.98 to 1.98)

  Very poorly controlled versus controlled 1.79 (1.18 to 2.70) 1.67 (1.18 to 2.36)

*Self-reported exposure to SHS was determined as any versus no reported current 
smokers in the household.
†Asthma exacerbations assessed as a combined variable for any exacerbations 
(hospitalisations, ER visits, prescription of oral steroids) versus none.
‡Asthma control assessed as binary outcome with a combined ‘not well controlled’ 
and ‘very poorly controlled’ category compared with controlled asthma.
ER, emergency room; SHS, secondhand smoke. 

African Americans may therefore not necessarily be as represen-
tative of higher exposure to other tobacco smoke constituents. 
Additionally, asthma control is a composite outcome based on 
asthma symptoms, pulmonary function, history of exacerbations 
(including ER visits) and medication use,26 all of which may carry 
racial/ethnic differences as well. For example, while African 
Americans and Mexican Americans have established reference 
equations for pulmonary function based on a representative 
sample of the US population,34 the same is not true for Puerto 
Ricans.35–38 Misclassification of the outcome is more likely to 
occur in populations without dedicated prediction equations.

Self-reported measures of SHS exposure did not show good 
specificity when compared with measures of plasma cotinine. 
Approximately 41% of children whose parents reported no 
active smokers in the house had detectable levels of plasma 
cotinine, though mean levels of plasma cotinine did increase 
with increasing numbers of smokers reported in the household. 
This is consistent with previous findings and with SHS expo-
sure being under-reported when relying on self-reported data, 
particularly in the case of exposures happening outside the 

home, which would not be captured by the self-reported assess-
ment in the current study.16 39–41 Thirdhand smoke exposures 
are also likely to be unaccounted by self-reported measures, but 
may contribute to measured cotinine concentrations and lead to 
adverse effects.42

Biochemical assessment of SHS exposure allows for more 
objective characterisation of tobacco smoke exposure and epide-
miologic assessment of exposure-outcome relationships unbur-
dened by exposure misclassification bias seen in self-reported 
measures of exposure. Plasma cotinine, the biomarker used to 
determine exposure in the current study, is the major proximate 
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Figure 3 Dose–response of plasma cotinine and asthma exacerbations in the past 12 months, from generalised additive models using penalised 
splines. Results presented for total asthma exacerbations and separately for asthma-related hospitalisations, asthma-related ER visits and prescription 
of oral steroids for asthma. ER, emergency room. 

Figure 4 Dose–response of plasma cotinine and asthma control, from generalised additive models using penalised splines. Results presented 
comparing each of ‘not well controlled’ and ‘very poorly controlled’ with ‘controlled’ asthma separately.

metabolite of nicotine and has been considered a reliable, objec-
tive measure of SHS exposure for some time.43 Nicotine and 
its metabolites, however, are not necessarily causative agents 

of the adverse effects of tobacco smoke examined in this study, 
with effects most likely driven by other compounds as described 
above.
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Table 4 Associations between SHS exposure (defined as measured 
plasma cotinine >0.05 ng/mL or above the limit of quantification if 
higher than 0.05 ng/mL) and asthma outcomes by study (as proxy for 
race/ethnicity) using multiple imputation data to account for missing 
NMR values

Asthma outcomes

OR (95% CI)

study

GAlA II sAGe II

Asthma exacerbations in the previous 
12 months*

1.38 (0.95 to 2.01) 1.27 (0.74 to 2.19)

Asthma control (binary outcome)† 1.27 (0.84 to 1.91) 2.16 (1.27 to 3.67)

  Not well controlled versus controlled 1.21 (0.66 to 2.22) 1.58 (0.87 to 2.91)

  Very poorly controlled versus controlled 1.33 (0.80 to 2.22) 2.77 (1.51 to 5.00)

*Asthma exacerbations assessed as a combined variable for any exacerbations 
(hospitalisations, ER visits, prescription of oral steroids) versus none.
†Asthma control assessed as binary outcome with a combined ‘not well controlled’ 
and ‘very poorly controlled’ category compared with controlled asthma.
ER, emergency room; GALA, Gene-environments and Admixture in Latino 
Americans; NMR, nicotine metabolite ratio; SAGE, Study of African Americans, 
Asthma, Genes and Environments; SHS, secondhand smoke. 

The data in the current study are based on a subsample of 
cases from two parent case–control studies. Outcomes in the 
parent studies were assessed based on retrospective self-reported 
data (potentially leading to overestimation or underestimation 
of some of the outcomes), while the exposure was only quanti-
fied in one point in time. The plateauing effect observed at anal-
yses of dose–response at higher exposures may represent a true 
exposure-response function, but also could be the result of less 
stable functions due to the scarce data at higher ranges of expo-
sure (also evidenced by the less stable CIs at higher exposures), 
or due to reverse causation as parents of children with worse 
asthma may be more likely to reduce their children’s exposures. 
The binary definition of exposure using a cut-off may have also 
led to misclassification, especially in samples with LOQ greater 
than the cut-off. However, this misclassification is expected to 
be entirely non-differential with respect to the outcomes, and 
would likely produce an underestimate of the true effect size.

The cross-sectional nature of the data did not allow us to 
address possible limitations such as these potential issues of 
reverse causation. Although point prevalence measures of 
cotinine are useful for assessing recent and ongoing SHS expo-
sure,44 a longitudinal study with prospective outcome assessment 
as well as biomarker exposure assessed at multiple time points 
would be better equipped to address these issues. Furthermore, 
analyses with interactions were underpowered and we did not 
examine for effects within separate categories for the different 
Latino groups.

Strengths of the study include information obtained through 
use of a detailed questionnaire on potential confounding factors 
including indicators of socioeconomic status, and the rela-
tively large sample size for an understudied study population, 
composed of Latino and African-American children. There is 
a lack of minority representation in asthma-related research,45 
despite these populations being disproportionately affected by 
asthma morbidity and SHS exposure.

In summary, we demonstrated increasing odds of asthma 
exacerbations and poorer asthma control with increasing levels 
of SHS exposure measured with plasma cotinine levels in chil-
dren from under-represented populations. This pattern of 
dose–response was seen within the range of cotinine levels indic-
ative of light SHS exposure, suggesting no safe levels of SHS 

exposure. Differences in exposure levels were also observed by 
race/ethnicity.
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