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The literature is inconsistent regarding associations between parental smoking and childhood leukemia, possibly
because previous studies used self-reported smoking habits as surrogates for children’s true exposures to ciga-
rette smoke. Here, the authors investigated the use of nicotine concentrations in house dust as measures of
children’s exposure to cigarette smoke in 469 households from the Northern California Childhood Leukemia Study
(1999–2007). House dust was collected by using high-volume surface samplers and household vacuum cleaners
and was analyzed for nicotine via gas chromatography–mass spectrometry. Using multivariable linear regression,
the authors evaluated the effects of self-reported parental smoking, parental demographics, house characteristics,
and other covariates on house-dust nicotine concentrations. They observed that nicotine concentrations in house
dust were associated with self-reported smoking for periods of months and years before dust collection. Further-
more, the authors found that the relation between nicotine dust levels and self-reported smoking varied by parental
age and socioeconomic status. These findings suggest that house-dust nicotine concentrations reflect long-term
exposures to cigarette smoke in the home and that they may be less biased surrogates for children’s exposures to
cigarette smoke than self-reported smoking habits.

child; dust; environmental exposure; infant; leukemia; linear models; nicotine; smoking

Abbreviations: HVS3, high-volume surface sampler; KW ANOVA, Kruskal-Wallis one-way analysis of variance; NCCLS, Northern
California Childhood Leukemia Study; SES, socioeconomic status.

Although parental smoking is a potential contributor to
childhood leukemia risk, the evidence supporting such an as-
sociation is inconsistent. Studies have suggested variously that
maternal smoking during pregnancy increases the risk of acute
lymphocytic leukemia (1–3) and acute myeloid leukemia (4,
5); that paternal smoking increases the risk of infant leukemia
(6), acute lymphocytic leukemia (7–10), and acute myeloid
leukemia (8, 10); and that neither maternal nor paternal smok-
ing is associated with childhood leukemia (11–15).

All previous research on potential associations between
childhood leukemia and parental smoking has relied on self-
reported smoking histories, which can result in misclassifi-
cation of children’s true exposures to cigarette smoke and
subsequent bias in the exposure-response relation (16).
Studies using nicotine-specific cotinine biomarkers as
‘‘gold’’ standards have shown that only about 5% of pro-

fessed nonsmokers are actually smokers (17–19); however,
deception rates as high as 25% have been observed when
parents report their smoking habits in studies involving their
children’s health (20, 21). Interestingly, researchers ob-
served that for 11,083 self-reported nonsmokers, the likeli-
hood of an elevated urinary cotinine level (consistent with
smoking) decreased with increasing education (22). This
finding indicates that less educated subjects may be more
likely to underreport their smoking exposure.

To reduce misclassification of exposure to cigarette
smoke, it is beneficial to use an objective measure of expo-
sure such as nicotine in indoor air (23), cotinine in urine
(24), or nicotine in hair (25). Alternatively, researchers have
suggested using nicotine levels in house dust as surrogates
for in-home exposures to cigarette smoke (26–29). Indeed,
previous research has shown that nicotine concentrations in
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house dust are highly correlated with children’s levels of
urinary cotinine (rS ¼ 0.77, n ¼ 15) in households with
smokers (28). However, previous investigations of nicotine
levels in house dust (26–29) involved small numbers of
households (n ¼ 72, n ¼ 49, n ¼ 23, and n ¼ 37, respec-
tively) and were unable to thoroughly examine the determi-
nants of house-dust nicotine concentrations.

In this paper, we report results from 469 households in
which nicotine was measured in house dust and from which
extensive questionnaire data, including smoking habits,
were also obtained from residents. These data were col-
lected as part of the Northern California Childhood Leuke-
mia Study (NCCLS), a large case-control study (8). The
objectives of the current study were to compare house-dust
nicotine levels with self-reported smoking at various times
before and during a child’s life and to identify determinants
of house-dust nicotine levels. Although this information is
directly relevant to researchers considering the effect of
parental smoking on childhood leukemia risk, it should also
be pertinent for any epidemiologic study that seeks to quan-
tify exposure to cigarette smoke.

MATERIALS AND METHODS

Study population

The NCCLS is an ongoing study conducted in the San
Francisco Bay Area and California Central Valley in which
cases aged 0–14 years are ascertained from 9 pediatric clin-
ical centers. Controls, matched to cases on date of birth,
gender, race, Hispanic ethnicity, and maternal residence, are
selected from the California birth registry (8). The homes of
cases and controls aged 0–7 years who lived at the home they
occupied at the time of diagnosis (and a similar reference date
for controls) from December 1999 through November 2007
were eligible for household dust collection. Among 324 cases
and 407 controls determined to be eligible, 296 cases (91%)
and 333 controls (82%) participated. We obtained informed
consent from the children’s parent or legal guardian in accor-
dance with the institutional review boards’ requirements at
the University of California, Berkeley; the National Cancer
Institute; and other participating institutions.

House-dust nicotine measurement

Dust was collected by using a high-volume surface sam-
pler (HVS3) in the room where the child spent the most time
while awake (commonly the family room) as well as from
household vacuum cleaners, as previously described (30);
data derived from both methods were used in our analyses.
In HVS3-sampled homes (82%), we recorded the area of the
carpet sampled, but this information was not relevant in
homes where vacuum cleaner dust was used.

For the nicotine analyses, each 0.5-g dust aliquot was
spiked with 250 ng of d4-nicotine, extracted by ultrasonica-
tion in dichloromethane, concentrated, and analyzed by us-
ing a gas chromatograph–mass spectrometer in the multiple
ion detection mode. The gas chromatograph analysis uti-
lized a DB-1701 column (30 m, 0.25-mm internal diameter,
0.15-lm film) that was programmed from 130�C to 220�C at

2�C/minute and then from 220�C to 280�C at 10�C/minute.
Dibromobiphenyl was used as an internal standard; a
9-point calibration curve (range: 2–750 ng/mL) and a zero-
level standard were analyzed with each sample set (12 field
samples, a duplicate, a duplicate spike (250 ng), and a sol-
vent method blank). We used d4-nicotine as a surrogate re-
covery standard to correct for variable nicotine recovery on
a sample-by-sample basis. Recoveries of nicotine and d4-
nicotine in spiked samples were 57% (standard deviation,
45) and 59% (standard deviation, 45), respectively. The me-
dian relative percentage difference for duplicates was 17%
after surrogate recovery standard correction.

Self-reported smoking

Parents, primarily the mother (97%), responded to 2 sets of
questionnaires, each with inquiries about smoking habits, as
outlined in Figure 1. The initial interview ascertained the
smoking status of the mother, father, and others in the house-
hold at several time points of interest (Table 1). Additionally,
the first interview asked the respondent for the number of
cigarettes smoked per day for some but not all of the time
periods. A subsequent interview at the time of dust collection
ascertained the total number of cigarettes smoked per day
inside the house during the previous month. This additional
question dealt specifically with smoking inside the home
and was therefore expected to correspond to the concurrent
house-dust nicotine measurements. However, we also consid-
ered responses from the first interview as potential determi-
nants of house-dust nicotine concentrations because nicotine
is known to persist indoors (31), where it is protected from
degradation by moisture, sunlight, and microbial action.

Statistical analysis

Because the distribution of nicotine in house dust was
highly skewed, the nonparametric Kruskal-Wallis one-way
analysis of variance (KW ANOVA) was used to compare the
distribution of nicotine in house dust between various groups
throughout the analysis. The data had an approximate log-
normal distribution, so the natural log of the concentration
was used in all analyses involving the continuous variable.
House-dust nicotine measurements below the limit of detec-
tion, that is, 20 ng/g (n ¼ 53, 11% of households), were as-
signed a value of one-half the limit of detection. Pairwise
correlation coefficients between the natural log-transformed
house-dust nicotine concentrations and self-reported cigarette
smoking (as well as other variables of interest) were estimated.
Although Pearson correlation coefficients are reported here,
results were similar when we used Spearman rank coefficients.

Seven groups of variables were considered for inclusion
in the house-dust nicotine regression models: self-reported
smoking, parental demographics, house characteristics,
child-specific variables, sampling conditions, time effects,
and ethnicity (refer to Appendix Table 1 for the full list of
variables considered). Groups of highly correlated variables
were examined by principal components analysis to produce
simpler, but meaningful, summary measures of the variables
within these groups for inclusion in the final house-dust
nicotine regression models (32). The remaining groups of
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candidate variables were modeled individually by using back-
ward elimination (P< 0.10) to identify other variables used in
the final models. In addition to main effects, we included sig-
nificant interactions (P< 0.10) between self-reported smoking
variables and parental demographic variablesand between self-
reported smoking variables and case-control status.

Using the variables identified in group screening, we per-
formed 3 subsequent regression analyses with case and control
households combined. The first analysis used all possible
households regardless of the sampling method (both HVS3
and vacuum cleaner dust samples were used). The second
analysis used only HVS3-sampled households; this analysis
included size of sampling area, a variable relevant to only those
homes where HVS3 sampling was conducted. The third anal-
ysis evaluated the effect of data censoring (due to values below
the limit of detection) on the regression coefficients from the

first model. We used Tobit regression to model the logged
house-dust nicotine concentrations, estimating the parameters
of the uncensored data by using maximum likelihood and
assuming a normally distributed error term.

RESULTS

Nicotine in house dust

Our analysis included 233 cases and 236 controls for
whom house-dust nicotine measurements were available.
Nicotine was detected in 89% (416 of 469) of the house-
holds. The nicotine concentrations ranged from not detected
(less than 20 ng/g) to a maximum of 35,000 ng/g, with
a median value of 265 ng/g and an interquartile range of
96–612 ng/g. Table 1 shows the prevalence of smoking

Figure 1. Conceptual timeline of the Northern California Childhood Leukemia Study, 1999–2007, showing time variables included in the statistical
analysis as potential modifiers of house-dust nicotine concentrations. For each variable, the median value for the study population (measured in
years) is shown in parentheses.

Table 1. Prevalence of Smoking at Various Time Periods Indicated by Variables Derived From Interviews, Northern California Childhood

Leukemia Study, 1999–2007

Self-reported Cigarette Smoking Variable
Response

Median Nicotine Concentration
(ng/g)

Yes No % Yes Yes No P Valuea

Mother ever smoked 137 326 30 465 203 <0.0001

Mother smoked at first interview 41 422 9 1,256 240 <0.0001

Mother smoked during 3 months before conceptionb 53 410 11 1,071 237 <0.0001

Mother smoked during pregnancyb 29 434 6 1,634 245 <0.0001

Mother smoked after birthb 53 409 11 847 235 <0.0001

Father ever smoked 182 277 40 415 184 <0.0001

Father smoked at first interview 76 380 17 774 214 <0.0001

Father smoked during 3 months before conceptionb 95 363 21 613 215 <0.0001

Anyone else smoked during 1 year before birth 25 438 5 1,109 252 <0.0001

Anyone else smoked during 1 year after birth 17 443 4 1,109 255 <0.0001

Anyone smoked in the house during the month before dust collectionb 21 446 4 1,256 256 <0.0001

a Kruskal-Wallis one-way analysis of variance.
b Indicates that cigarette consumption (cigarettes smoked per day) was obtained for this category.
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during various time periods, the median concentration of
nicotine in house dust for smokers and nonsmokers in each
category, and the P value from the KW ANOVA comparing
the distributions of house-dust nicotine concentrations for
smokers versus nonsmokers. Significant differences in
house-dust nicotine concentrations were observed for all
self-reported smoking categories.

Univariate analysis

Pearson correlation coefficients for covariates of interest
(those that were continuous and significantly correlated with
the log-transformed house-dust nicotine concentrations) are
shown in Table 2. The group of smoking variables was
highly correlated, as was the group of parental demographic
variables, whereas the 2 groups of variables were negatively
correlated with each other. Other variables correlated with
house-dust nicotine were age of residence, breastfeeding
duration, size of sampling area (HVS3 dust samples only),
and vacuum use frequency.

Principal components analysis

Tables 3 and 4 show the results of the principal compo-
nents analysis for the 2 groups of highly correlated vari-
ables: self-reported smoking and parental demographics,
respectively. Three meaningful factors were chosen to rep-
resent the 15 self-reported smoking variables, and 2 factors
were chosen to represent the 5 parental demographic vari-
ables. A variable was said to load on a given component if
the factor loading was 0.40 or greater (32). When this cri-
terion was used, 12 variables describing parental smoking
were found to load on the first smoking component, which
was subsequently labeled the parental smoking component.
Similarly, the 4 father’s smoking variables loaded on the
second smoking component (father smoking component),
and 3 variables, describing other household smoking, loaded
on the third component (other household smoking compo-
nent). Combined, the smoking-related principal components
accounted for 65% of the total variance of all smoking var-
iables. The demographic variable group, shown in Table 4,
was described by a parental socioeconomic status (SES)
component, which was loaded by parental education and
income, and a parental age component, which was loaded
by mother’s age and father’s age. Combined, the summary
demographic principal components accounted for 80% of
the total variance explained by all demographic variables.

Multivariable regression models

We identified 13 variables for the model with all homes
(Table 5) based on a priori screening of groups of variables
for significant associations with logged house-dust nicotine
concentrations. The variables are ordered in Table 5 by their
significance in the final model. We included 2 significant
interactions between the parental SES component and the
father smoking component and between the parental age
component and the father smoking component. After adjust-
ment for the model degrees of freedom, the overall model fit
was R2

adjusted ¼ 0.31. Table 6 shows predicted house-dust

nicotine concentrations for various combinations of smok-
ing scenarios and parental demographics based on the model
with all homes.

Restricting the analysis to only HVS3-sampled homes
(and including the variable size of sampling area) yielded
a model with similar regression coefficients and P values
(Table 5, HVS3 homes). The variable size of sampling area
was significant in the model with only HVS3-sampled
homes. When the effect of data censoring was considered,
parameter estimates from the Tobit regression model were
very similar to those in Table 5 (data not shown), a finding
consistent with the relatively small proportion of measure-
ments below the limit of detection (11%).

DISCUSSION

The house-dust nicotine concentrations measured in the
NCCLS were lower than those previously reported (26, 28,
29). These lower levels might be explained by the low prev-
alence of in-home smoking in our population (4% vs. 19%–
65% in previous studies) or by the low prevalence of smoking
in California in general. However, these differences persisted
when we considered only the self-reported nonsmokers from
each study; our measured concentrations in these homes were
substantially lower (median of 0.3 lg/g vs.12–20 lg/g in
previous studies). Alternatively, these differences may partly
reflect differences in analytical methodology. Despite the
lower nicotine concentrations, we confirmed that nicotine
concentrations in house-dust samples were correlated with
concurrently self-reported household cigarette smoking (rP ¼
0.29, in log scale).

We identified several determinants of house-dust nicotine
concentrations (Table 5). Notably, 2 principal components
summarizing self-reported smoking variables (parental
smoking component and father smoking component) were
highly significant predictors of house-dust nicotine in the
final models (P < 0.0001). These principal components rep-
resented self-reported smoking for time periods of months
and years before dust collection. As shown in Table 6, a
lifetime history of parental smoking did not substantially
increase predicted house-dust nicotine concentrations above
nonsmoking levels, unless more recent smoking had also
occurred (3 months before conception or later). However,
consistent parental smoking caused the predicted house-dust
nicotine concentrations to increase, even in the absence of
in-home smoking reported at dust collection. Indeed, the
additional effect of in-home smoking reported at dust col-
lection on predicted house-dust nicotine concentrations was
small. This observation shows that household cigarette
smoking during the month before dust collection was a weak
predictor of house-dust nicotine levels in the final models.
Our finding suggests that nicotine concentrations in house
dust reflect cumulative smoking habits of residents over
periods of up to several years rather than simply the current
smoking pattern in the home.

To verify our hypothesis that house-dust nicotine levels
reflect past smoking habits, we examined the NCCLS
households that reported changes in their smoking status
between the initial interview and dust collection. Of the
households that reported no smoking in the month before
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Table 2. Pearson Correlation Coefficient Matrix of Continuous Variables Significantly Correlated (P < 0.05) With (Logged) House-Dust Nicotine Concentration, Northern California

Childhood Leukemia Study, 1999–2007

Lognormal
(House-Dust
Nicotine

Concentration)

Cigarette
Consumptiona

of Father
3 Months
Before

Conception

Cigarette
Consumption
of Mother
3 Months
Before

Conception

Cigarette
Consumption
of Mother
While

Pregnant

Cigarette
Consumption
of Mother
After Birth

Household
Cigarette

Consumption
at Dust

Collection

Mother’s
Age

Father’s
Age

Mother’s
Education

Father’s
Education

Household
Annual
Income

Age of
Residence

Breastfeeding
Duration

Size of
Sampling

Area

Vacuum Use
Frequency

469 454 463 462 462 467 463 459 469 458 469 413 462 385 457

Lognormal
(house-dust
nicotine
concentration)

1 0.37** 0.24** 0.17* 0.31** 0.29** �0.26** �0.16* �0.27** �0.28** �0.24** 0.13* �0.18** �0.16* 0.15*

Cigarette
consumption of father
3 months before
conception

1 0.41** 0.20** 0.46** 0.29** �0.14* �0.05 �0.18* �0.21** �0.16* 0.00 �0.08 �0.05 0.12*

Cigarette
consumption of
mother 3 months
before conception

1 0.75** 0.87** 0.30** �0.13* �0.04 �0.11* �0.09* �0.01 �0.04 �0.07 �0.02 0.04

Cigarette
consumption of
mother while
pregnant

1 0.63** 0.26** �0.09* �0.08 �0.06 �0.03 0.00 �0.01 �0.06 0.03 �0.01

Cigarette
consumption
of mother
after birth

1 0.38** �0.15* �0.07 �0.14* �0.12* �0.04 �0.04 �0.10* �0.08 0.08

Household
cigarette
consumption
at dust collection

1 �0.12* �0.03 �0.16* �0.15* �0.14* 0.04 �0.07 �0.03 0.09

Mother’s age 1 0.75** 0.42** 0.39** 0.37** 0.11* 0.24** 0.11* �0.26**

Father’s age 1 0.36** 0.34** 0.32** 0.09 0.20** 0.05 �0.23**

Mother’s education 1 0.69** 0.60** 0.06 0.17* 0.06 �0.35**

Father’s education 1 0.59** 0.03 0.23** 0.09 �0.37**

Household
annual income

1 �0.05 0.11* 0.13* �0.33**

Age of residence 1 0.10* �0.14* �0.04

Breastfeeding
duration

1 0.00 �0.21**

Size of sampling
area

1 0.09

Vacuum use
frequency

1

* P < 0.05; **P < 0.0001.
a Cigarettes smoked per day.
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dust collection, 90 households (21%) had previously re-
ported some smoking at the initial interview. Nicotine con-
centrations in house dust from these 90 households did
indeed remain elevated (median: 681 ng/g vs. 201 ng/g for
consistently smoke-free homes, KW ANOVA P < 0.0001).
Additionally, of the households that reported some smoking
at the time of dust collection, 5 (24%) reported no smoking
at the initial interview. These 5 households had lower house-
dust nicotine concentrations than households that consis-
tently reported smoking (median 314 ng/g vs. 1,730 ng/g,
KWANOVA P¼ 0.22). This finding supports the conjecture
that current house-dust nicotine concentrations may be par-

ticularly good measures of cumulative household smoking
habits. Furthermore, it suggests that, in studies that aim to
estimate prenatal or postnatal cigarette smoking exposures
retrospectively, house-dust nicotine could be a more useful
surrogate than short-term exposure markers such as concen-
trations of nicotine in air or of cotinine in urine.

After considering self-reported smoking, age of the resi-
dence was a significant predictor of house-dust nicotine
concentrations. The increase in house-dust nicotine concen-
trations with age of the residence offers another indication
that nicotine accumulates in household carpets and that the
nicotine concentration in house dust tends to reflect cumu-
lative smoking habits in the household.

Two measures of parental demographics, the parental
SES component and the parental age component, remained
significant predictors of house-dust nicotine concentration
after accounting for self-reported smoking. Table 6 illus-
trates that, in general, after adjusting for self-reported smok-
ing, house-dust nicotine concentrations decreased with
increasing parental SES and age. However, the interaction
effects of the model (father smoking component 3 parental
SES component and father smoking component 3 parental
age component) caused this trend to be reversed when only
the father smoked.

Interestingly, when we considered the 211 households
that reported no smoking at any time, the households with
below-median income had significantly higher house-dust
nicotine concentrations than the households with above-
median income (median: 279 ng/g vs. 113 ng/g, KWANOVA
P < 0.0001). Thus, even when no smoking was reported,
low-income households had elevated house-dust nicotine

Table 4. Principal Components Analysis Factor Loadings for

Parental Demographic Variables, Northern California Childhood

Leukemia Study, 1999–2007

Variable

Component Loadings

Parental Socioeconomic
Status

Parental
Age

Father’s education 0.86a 0.19

Mother’s education 0.85a 0.23

Household annual income 0.81a 0.20

Father’s age 0.27 0.89a

Mother’s age 0.18 0.92a

Proportion (%) of group
variance explained

59 21

a A variable was said to load on a given component if the factor

loading was �0.40.

Table 3. Principal Components Analysis Factor Loadings for Self-reported Smoking Variables, Northern California

Childhood Leukemia Study, 1999–2007

Variable

Component Loadings

Parental
Smoking

Father
Smoking

Other Household
Smoking

Lifetime smoking status of mother 0.59a �0.13 �0.22

Smoking status of mother at initial interview 0.74a �0.23 �0.18

Smoking status of mother 3 months before conception 0.83a �0.29 �0.11

Smoking status of mother while pregnant 0.74a �0.35 0.07

Smoking status of mother after birth 0.80a �0.19 �0.19

Cigarette consumptionb of mother 3 months before conception 0.85a �0.28 0.09

Cigarette consumption of mother while pregnant 0.65a �0.39 0.04

Cigarette consumption of mother after birth 0.84a �0.19 0.09

Lifetime smoking status of father 0.43a 0.60a �0.25

Smoking status of father at initial interview 0.49a 0.71a �0.14

Smoking status of father 3 months before conception 0.60a 0.67a �0.16

Cigarette consumption of father 3 months before conception 0.65a 0.56a 0.02

Smoking status of others in the house before birth 0.39 0.18 0.65a

Smoking status of others in the house after birth 0.20 0.14 0.58a

Household cigarette consumption during the month before dust collection 0.34 0.19 0.50a

Proportion (%) of group variance explained 41 15 8

a A variable was said to load on a given component if the factor loading was �0.40.
b Cigarettes smoked per day.
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concentrations compared with high-income households.
Several explanations are possible for the discrepancy in
house-dust nicotine levels in self-reported nonsmoking
households: 1) low-SES houses may be physically unlike
high-SES houses because of unmeasured differences in ven-
tilation, carpet types, light, moisture, or microbial action; 2)
low-SES parents may be more likely to be exposed to pas-
sive cigarette smoke, and they may convey nicotine into
their homes on their clothing; 3) low-SES households may
be more likely to have residual nicotine in house dust from
previous residents (although the variables carpet age and res-
idence stability were not significant predictors of house-dust
nicotine); 4) low-SES households may use more smokeless
tobacco products; or 5) low-SES households may have under-
reported their smoking habits. If differential self-reporting by
SES or age is present, then an objective measure of exposure
to household smoking, such as house-dust nicotine concen-
tration, would be advantageous.

Three other variables were significant predictors of nicotine
concentrations in house dust after we adjusted for self-reported
smoking and parental demographics: residence is apartment,
residence is townhouse, and size of sampling area. Since apart-
ments and townhouses generally have less square footage than

single-family homes, the positive regression coefficient for the
variables residence is apartment and residence is townhouse is
consistent with the observation of Hein et al. (26), who found
that house-dust nicotine concentrations increased with de-
creasing square footage of the residence. The negative regres-
sion coefficient for the variable size of sampling area in the
final model with HVS3-sampled homes indicates that, as the
size of carpet sampled increased, the concentration of nicotine
measured in house dust decreased. This finding is a property of
the HVS3 sampling method and suggests that this variable
should be measured and adjusted for in models of house-dust
nicotine concentrations using HVS3 sampling. Still, including
size of sampling area in our regression model had little effect
on the other parameters.

Given that the ultimate purpose of the NCCLS is to com-
pare leukemia cases and controls, we examined the effect of
case-control status on measured nicotine concentration. In-
terestingly, case-control status was not a significant predic-
tor of nicotine concentrations, and there was no indication
that parents of cases were reporting their smoking differ-
ently from parents of controls (data not shown). This finding
suggests that there was little differential misclassification
of exposures in households of cases and controls in the

Table 5. Final Multivariate Regression Models of Determinants of House-Dust Nicotine Concentrations, Northern

California Childhood Leukemia Study, 1999–2007

Variable

All Homes (n 5 381) HVS3 Homes (n 5 312)

Regression
Coefficient

t P Value
Regression
Coefficient

t P Value

Intercept 5.09 5.51

Parental smoking componenta 0.55 7.5 <0.0001 0.50 6.3 <0.0001

Father smoking componenta 0.34 4.5 <0.0001 0.32 4.0 <0.0001

Age of residenceb 0.11 3.8 0.0002 0.09 2.7 0.008

Parental socioeconomic status componenta �0.26 �3.0 0.003 �0.26 �2.7 0.007

Parental age componenta �0.20 �2.6 0.011 �0.18 �2.1 0.035

Residence is apartmentc 0.84 2.3 0.022 0.93 2.4 0.015

Residence is townhousec 0.61 1.9 0.056 0.56 1.5 0.13

Season is fallc �0.25 �1.5 0.13 �0.33 �1.6 0.11

Breastfeeding durationd �0.02 �1.5 0.13 �0.01 �1.2 0.24

Residence is mobile homec 0.65 1.2 0.23 0.58 1.1 0.28

Other household smoking componenta 0.09 1.1 0.26 0.06 0.7 0.47

Child is neither Hispanic nor whitec �0.10 �0.6 0.56 �0.13 �0.7 0.51

Vacuum use frequencye 0.02 0.3 0.80 0.05 0.5 0.59

Father smoking 3 parental socioeconomic status 0.34 3.8 0.0002 0.30 3.1 0.002

Father smoking 3 parental age 0.18 2.4 0.019 0.17 2.0 0.042

Size of sampling areaf �0.16 �2.4 0.018

Abbreviation: HVS3, high-volume surface sampler.
a Each principal component is a unitless variable with a mean of 0 and standard deviation of 1; values were

calculated based on component loadings shown in Tables 3 and 4.
b Categorical variable (age in 5-year increments).
c Dichotomous variable.
d Continuous variable (duration in months).
e Categorical variable (vacuum frequency less than once a month, 1–3 times a month, once a week, or more than

once a week).
f Continuous variable (area in square meters).
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previous analysis of self-reported cigarette smoking in the
NCCLS population (8).

Although house-dust nicotine is a very specific indicator
of cigarette smoke contamination in the home, its use to
access children’s exposure to cigarette smoke has limita-
tions. First, it must be assumed that children are in the home
when smoking occurs. This expectation is reasonable given
the young age of the children in the NCCLS (median: 3.6
years at reference date). Second, it must be assumed that
house-dust nicotine originated from cigarette smoke in the
home. However, a previous study found that nicotine levels
in house dust were elevated in homes where parents reported
smoking outdoors only compared with homes where parents
reported no smoking (27). Thus, parents exposed to ciga-
rette smoke (either active or passive) may convey nicotine
into carpets, via their clothing, without exposing their chil-
dren to cigarette smoke. Indeed, this phenomenon could
help explain the relatively weak performance in the house-
dust nicotine models of the variable household cigarette
consumption during month before dust collection, which
was specific to in-home smoking. In contrast, the highly
significant parental smoking component and father smoking
component were based on smoking both inside and outside

the home. Future studies should consider using a long-term
biomarker of exposure to cigarette smoke, such as hair nico-
tine, to investigate the relation between house-dust nicotine
and the corresponding biologic dose of nicotine in children.

A second limitation of house-dust nicotine as a measure
of children’s exposure to cigarette smoke relates to the tem-
porality of exposure. It is suspected that specific time win-
dows of exposure are critical to the etiology of childhood
leukemia (8). However, since house-dust nicotine appears to
be a cumulative measure of exposure to cigarette smoke,
exposures received at particular times could be obscured.
Future work should investigate this issue by comparing
measurements of nicotine in house dust with time series
of air samples collected from the same households.

Finally, our study included only a single measurement
of house-dust nicotine in each household. This sampling
strategy prevented us from analyzing the temporal (i.e.,
day-to-day) and spatial (i.e., room-to-room) variability of
house-dust nicotine concentrations in a given household,
and our analytical method introduced additional variability
into the analyses (17% median relative difference in dupli-
cate samples). Future studies should collect repeated sam-
ples of house dust to evaluate within-room, within-home,

Table 6. Predicted House-Dust Nicotine Concentrations (ng/g) for Various Combinations of Self-reported Smoking

and Parental Demographics,a Northern California Childhood Leukemia Study, 1999–2007

Description of Self-reported Smoking

Parental Demographics

Younger and
Lower SESb

Median Age and
Median SESc

Older and
Higher SESd

No smoking by anyone at any time 210 130 90

Only the mother smoked—stopped at least
3 months before conceptione

230 130 90

Only the father smoked—stopped at least
3 months before conceptione

210 160 130

Both the mother and father smoked—stopped at
least 3 months before conceptione

230 170 130

No parental smoking at any time; only others
smoked in the home before and after birthe

400 330 280

Only the mother smoked at all time periodsf 1,000 230 70

Only the father smoked at all time periodsf 230 370 530

Both the mother and father smoked at all time periodsf 1,100 650 420

Both the mother and father smoked at all time periodsf

and in-home smoking reported at dust collectionf
1,300 800 540

Both the mother and father smoked at all time periodsf

and others smoked before and after birthe
2,200 1,700 1,300

Both the mother and father smoked at all time periodsf

and others smoked before and after birthe and in-home
smoking reported at dust collectionf

2,500 2,000 1,700

Abbreviation: SES, socioeconomic status.
a Predicted values based on the ‘‘All Homes’’ model, assuming a 10-year-old single-family house, measurement

season is not fall, no breastfeeding, child is white or Hispanic, and usual vacuum frequency of less than once amonth.
b 25th percentile values: mother’s age (years) ¼ 26, father’s age (years) ¼ 28, household annual income ¼

$30,000–$44,000, parents have high school degrees.
c Median values: mother’s age (years) ¼ 30, father’s age ¼ 33, household annual income ¼ $60,000–$74,000,

parents have some post–high school education.
d 75th percentile values: mother’s age (years) ¼ 34, father’s age (years) ¼ 37, household annual income ¼

�$75,000, parents have bachelor’s degrees.
e Dichotomous (yes/no) smoking variable.
f Continuous smoking variable, showing model predictions for smoking 5 cigarettes per day.
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and between-home sources of variability of house-dust nic-
otine concentrations.

In summary, this study confirmed previous findings that
house-dust nicotine concentrations are significantly associ-
ated with self-reported household smoking. Results suggest
that house-dust nicotine can be used as a long-term surro-
gate for exposure to cigarette smoke in the home. Moreover,
indirect evidence indicates that self-reported smoking may
vary by parental SES and age, highlighting the utility of an
objective surrogate of exposure to cigarette smoke in the
home. Finally, these findings suggest that house-dust nico-
tine concentrations, in conjunction with self-reported ques-
tionnaires on smoking, will be useful in evaluating the
association between childhood leukemia risk and parental
smoking in the NCCLS population.
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Appendix Table 1. List of Potential Variables for Linear Regression, Northern California

Childhood Leukemia Study, 1999-2007

Variable Group Variable Unit

Self-reported smoking Lifetime smoking status of mother Dichotomous

Smoking status of mother 3 months
before conception

Dichotomous

Smoking status of mother while pregnant Dichotomous

Smoking status of mother after birth Dichotomous

Smoking status of mother at
initial interview

Dichotomous

Cigarette consumption of mother
3 months before conception

Continuous
(cigarettes/day)

Cigarette consumption of mother
while pregnant

Continuous
(cigarettes/day)

Cigarette consumption of mother
after birth

Continuous
(cigarettes/day)

Lifetime smoking status of father Dichotomous

Smoking status of father 3 months
before conception

Dichotomous

Smoking status of father at initial interview Dichotomous

Cigarette consumption of father 3 months
before conception

Continuous
(cigarettes/day)

Smoking status of others in the
house before birth

Dichotomous

Smoking status of others in the
house after birth

Dichotomous

Household cigarette consumption
during the month before dust
collection

Continuous
(cigarettes/day)

Parental demographics Mother’s age Continuous (years)

Father’s age Continuous (years)

Mother’s education Categorical

Father’s education Categorical

Household annual income Categorical

Table continues
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Appendix Table 1. Continued

Variable Group Variable Unit

House characteristics Residence is apartment Dichotomous

Residence is townhouse Dichotomous

Residence is mobile home Dichotomous

Age of residence Categorical

Child-specific variables Case-control status Dichotomous

Sex Dichotomous

Age at reference date Continuous (years)

Down syndrome status Dichotomous

Birth weight Continuous (g)

Breastfeeding duration Continuous (months)

Sampling conditions Sampling method Dichotomous

Sampling temperature Continuous (�Fa)

Sampling humidity Continuous (%
relative humidity)

Size of sampling area Continuous (m2)

Age of carpet sampled Continuous (years)

Room throughway distinction Dichotomous

Vacuum use frequency Categorical

Interview respondent Dichotomous

Time effects Time from diagnosis to initial interview Continuous (days)

Time from diagnosis to dust collection Continuous (days)

Year of dust collection Continuous

Season is spring Dichotomous

Season is summer Dichotomous

Season is fall Dichotomous

Residence stability Continuous (years)

Ethnicity Child is white Dichotomous

Child is other ethnicity Dichotomous

Mother is white Dichotomous

Mother is other ethnicity Dichotomous

Father is white Dichotomous

Father is other ethnicity Dichotomous

a �C ¼ (5/9)(�F – 32).
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