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Abstract 

Background Lead is a major developmental neurotoxicant in children, and tobacco smoke has been suggested as 
a source of lead exposure in vulnerable populations. This study evaluates the contribution of secondhand tobacco 
smoke (SHS) to blood lead levels (BLLs) in children and adolescents.

Methods We analyze data from 2,815 participants aged 6–19 years who participated in the National Health and 
Nutrition Examination Survey (2015–2018) to investigate the association between serum cotinine levels and BLLs. A 
multivariate linear regression was conducted to estimate geometric means (GMs) and the ratios of GMs after adjust-
ing for all covariates.

Results The geometric means of BLLs in study participants aged 6 − 19 years were 0.46 µg/dl (95% CI 0.44, 0.49). After 
adjusting for relevant participant characteristics, the geometric means of BLLs were 18% (BLL 0.48 µg/dl, 95% CI 0.45, 
0.51) and 29% (BLL 0.52 µg/dl, 95% CI 0.46, 0.59) higher in participants who had intermediate serum cotinine levels 
(0.03 − 3 ng/mL) and those who had high serum cotinine levels (> 3 ng/mL) respectively, compared to participants 
who had low serum cotinine levels (BLL 0.41 µg/dl, 95% CI 0.38, 0.43).

Conclusions SHS exposure may be a source of BLLs in US children and adolescents. Efforts to reduce lead exposure 
in children and adolescents should include strategies to reduce SHS exposure.
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Background
Lead is a neurotoxin that significantly damages young 
children and has no safe exposure level [1, 2]. Chronic 
exposure to environmental lead, even at relatively low 
levels, has been extensively documented to disrupt cog-
nitive and motor functions, cause damage to the brain 
and peripheral organs, and promote obesity [3–5]. While 
remarkable progress has been made in reducing lead 
exposure in children in the US, including the Centers 
for Disease Control (CDC) recently lowering the refer-
ence dose of blood lead levels (BLLs) to 3.5 µg/dl based 
on recommendations by the Advisory Committee on 
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Childhood Lead Poisoning Prevention (ACCLPP) [2], 
low-level exposure persists in millions of children [6].

The United States Environmental Protection Agency’s 
(USEPA) federal action plan to reduce lead exposure and 
eliminate associated health impacts focuses specifically 
on reducing children’s exposure to lead sources [7]. Child 
lead exposure in the United States has historically been 
attributable to: peeling and chipping lead-based paint, 
leaded gasoline, lead pipes, and smelting operations [8]. 
Other sources of lead exposure include children’s jew-
elry, food items, batteries, glazed pottery, cosmetics, and 
medicinal folk remedies [8, 9]. The focus of national and 
local childhood lead prevention programs has changed 
from high levels to lower chronic levels of exposure; due 
to the declining average blood lead levels among US chil-
dren [10]. This calls for considering potentially neglected 
sources of lead exposure, such as secondhand tobacco 
smoke (SHS).

Tobacco smoke contains more than seven thousand 
chemicals, including carcinogens and toxic heavy metals 
such as lead [11]. Exposure to tobacco smoke consists of 
mainstream smoke during puffing and SHS from a burn-
ing cigarette. Exposure to SHS poses a significant health 
concern in infants and children, including reduced lung 
growth, more frequent and severe asthma attacks, lower 
respiratory tract infections, and sudden infant death syn-
drome [12]. Children are primarily exposed to SHS by 
their parents and caregivers who smoke [13]. Approxi-
mately 20% of US children aged 3 − 11 years live with at 
least one active smoker [11], illustrating the importance 
of studying the relationship between SHS and child BLLs. 
Several studies have shown strong positive associations 
between active tobacco smoking and BLLs [14–16] How-
ever, very few studies have demonstrated the association 
between SHS and BLL [17–19], especially in children. 
Therefore, the present study aimed at evaluating the 
association between SHS exposure and blood lead levels 
(BLLs) in children and adolescents in the US.

Methods
Study design and population
This cross-sectional study was conducted to evaluate 
the relationship between SHS exposure (identified using 
serum cotinine levels) and BLLs in US children aged 
6 − 19  years who participated in the NHANES between 
2015 and 2018. The CDC’s NHANES is a nationwide 
survey representing the general United States noninsti-
tutionalized civilian resident population and includes 
comprehensive information on participants’ health 
status, health behaviors, and sociodemographic char-
acteristics. The NHANES used a complex stratified mul-
tistage probability design so that the sampled population 
accurately represents the general population of the US. 

We used two cycles of NHANES data (2015–2016 and 
2017–2018) restricted to children and adolescents aged 
6 − 19 with BLL measurements. Children three years or 
younger were excluded from this study because their 
serum cotinine was not tested. Participants with missing 
serum cotinine data and those with serum cotinine levels 
higher than 10  ng/mL (consistent with active smoking) 
[20] were excluded to ensure the sample contained non-
smokers only. The data from the most recent 2019 − 2020 
cycle were excluded to prevent biased estimates because 
the data collection was disrupted in March 2020 due to 
the COVID-19 pandemic [21]. Among 4957 children 
and adolescents aged 6–19, 1,506 were excluded because 
their lead levels had not been measured. An additional 
135 participants were excluded because their cotinine 
levels exceeded 10  ng/mL, and a further 501 subjects 
were excluded due to missing values for covariates. 
Finally, 2,815 children and adolescents were included in 
our analysis.

Secondhand smoke exposure assessment
SHS was assessed using serum cotinine levels. Serum 
cotinine levels refer to the sum of cotinine and hydroxy-
cotinine, as they are the primary metabolites of nicotine 
[22]. For this study, SHS exposure was categorized into 3 
levels: low exposure (serum cotinine levels less than the 
limit of detection, 0.03  ng/mL), intermediate exposure 
(serum cotinine levels 0.03–3  ng/mL), and heavy expo-
sure (serum cotinine levels > 3 ng/mL).

Blood lead level measurement
All examined participants aged 1–11 years old and a one-
half sample from participants aged 12  years and older 
were eligible for blood lead testing. Lead in whole blood 
was measured using inductively coupled plasma mass 
spectrometry (ICP-MS). The limit of detection (LOD) 
was 0.07  µg/dl, and concentrations below the detection 
limit were substituted with LOD divided by the square 
root of 2.

QA/QC procedure
Blood collection occurred at an NHANES mobile exami-
nation center (MEC), where quality assurance and quality 
control procedures were carried out. These procedures 
were conducted not only in the MEC but also in contract 
and CDC laboratories responsible for measuring serum 
cotinine and blood lead levels (BLL). Comprehensive 
descriptions of these procedures have been provided in 
other studies [23].

Covariates
Age, gender, central obesity, race/ethnicity (non-His-
panic White, non-Hispanic Black, Hispanic, other), and 
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education of the household reference person (< high 
school, high school or some college, and ≥ college gradu-
ate) were included as covariates. Age was categorized 
into four groups (6–10, 11–15, and 16–19  years old). 
Central obesity was defined as having a ratio of waist cir-
cumference to height greater than 0.5, which is known to 
be a more predictive and reliable obesity indicator [22]. 
The family socioeconomic status was established by cat-
egorizing the poverty income ratio (PIR) as < 1.3, 1.3–3.5, 
and > 3.5. PIR is the ratio of the family’s income to its 
appropriate poverty threshold as defined by the US Cen-
sus Bureau.

Statistical analysis
SAS version 9.4 (SAS Institute, Inc, Cary, North Caro-
lina) was used for statistical analyses to account for 
the complex sampling design and sampling weights in 
NHANES. Descriptive statistics, including frequencies, 
percentages, medians, and interquartile ranges of BLLs, 
were calculated for all levels of each variable, and the 
association between BLLs and other demographic char-
acteristics was estimated. A Chi-square test was used to 
evaluate the relationship between the covariates, serum 
cotinine levels, and participant BLLs. Linear regression 
was performed to investigate the relationship between 
serum cotinine levels and BLLs was investigated using 
linear regression and the geometric means (GMs) and 
the ratios of GMs were estimated, adjusting for all covari-
ates. The ratio of GMs was estimated by dividing the geo-
metric mean of blood lead levels in a selected category by 
the geometric mean of blood lead levels in the reference 
category. Statistical significance was declared if a p-value 
was less than 0.05.

Results
Table  1 shows serum cotinine level distribution among 
children and adolescents in the US. The percentage 
of participants with detectable serum cotinine levels 
(greater than 0.03  ng/ml) was highest in non-Hispanic 
Black participants, those with central obesity, those with 
less than high school education, and those with a pov-
erty-to-income ratio of < 1.3. Among 2,815 participants, 
the median BLL increased with an increasing serum coti-
nine level.

Figure 1 displays a log-scale scatter plot of serum coti-
nine and blood lead levels as continuous variables for all 
subjects, along with a regression line. The beta coefficient 
of 0.05 and R-square value of 0.11 indicated a weak posi-
tive association that was statistically significant (p < 0.01).

Table  2 compares the distribution of participants by 
categories of BLLs (≤ 0.45 or  > 0.45  µg/dl) across vari-
ous sociodemographic characteristics. Significant differ-
ences were observed in the percentages of participants 

by categories of BLLs across most characteristics. The 
percentage of individuals with BLLs above the median 
of 0.45  µg/dl was highest in the 6–10-year age group 
(58.3%), and the percentages exhibited a declining trend 
with increasing age groups (p-value < 0.001). Addition-
ally, males and non-Hispanic Black individuals had a 
higher proportion of participants with BLLs exceeding 
the median of 0.45 µg/dl. The percentage of participants 
with BLLs above the current reference value showed a 
decreasing trend with the increasing poverty-to-income 
ratio (p-value < 0.001), while no association was found 
across educational levels. Moreover, participants with 
heavier exposure to SHS had a higher percentage of indi-
viduals with BLLs above 0.45 µg/dl. Among 2,815 partici-
pants, 14 (0.4%) had BLLs above the new CDC blood lead 
reference value of 3.5 µg/dl.

Table  3 shows the geometric means (GMs) and the 
ratio of GMs of BLLs from linear regression models 
for their associations with serum cotinine levels. After 
adjusting for relevant participant characteristics, par-
ticipants with serum cotinine levels between 0.03 and 
3 ng/mL (intermediate exposure) and greater than 3 ng/
mL (heavy exposure) had 18% (0.48  µg/dl, 95% CI 0.45, 
0.51) and 29% (0.52 µg/dl, 95% CI 0.46, 0.59) significantly 
higher BLLs than those who had levels less than 0.03 ng/
mL (low exposure) (0.41 µg/dl, 95% CI 0.38, 0.43). A sig-
nificant dose–response relationship was found between 
serum cotinine levels and BLLs (p-trend < 0.001). Results 
of the linear regression also showed that participants 
older than 11 to 19 years have between 11 to 21% lower 
BLLs than those who are 6–10 years. The GMs of BLLs 
were significantly higher in males, while Hispanic partici-
pants and those with central obesity showed significantly 
lower BLLs. The BLLs also decreased with increasing 
poverty-to-income ratio (p-trend < 0.001).

Discussion
The present study aimed to evaluate the relationship 
between SHS exposure (identified using serum cotinine 
level) and BLLs in US children aged 6 to 19 who partici-
pated in the NHANES 2015 − 2018 and found the BLLs 
were 18% (BLLs 0.48  µg/dl, 95% CI 0.45, 0.51) and 29% 
(BLLs 0.52 µg/dl, 95% CI 0.46, 0.59) higher in study par-
ticipants who had intermediate serum cotinine levels 
(0.03 − 3  ng/mL) and those who had high serum coti-
nine levels (> 3 ng/mL) respectively, compared to partici-
pants who had low serum cotinine levels (BLL 0.41  µg/
dl, 95% CI 0.38, 0.43) in a significant dose–response 
manner. These findings supplement previous evidence 
for a potential association between SHS and high BLLs 
among US children [17, 19, 24]. Our findings and evi-
dence from previous studies provide compelling grounds 
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for strategies focused on reducing SHS exposure when 
designing children’s prevention programs.

Initial examination of our results showed that the mean 
BLLs were lowest in Hispanic participants. A study by 
Teye et  al. showed that children of Hispanic origin had 
similar BLLs compared to non-Hispanic whites. How-
ever, when adjusted for education level and income, 
Hispanic children had a significantly lowered BLL than 
non-Hispanic White children [25]. Those results high-
light the importance of the socioeconomic status in lead 
exposure among children. Cornelius et  al. also reported 
that in 2020, 8.0% of adults in families of Hispanic ori-
gin smoke cigarettes when compared with non-Hispanic 
Whites (13.3%), non-Hispanic blacks (14.4%), and Oth-
ers (19.5%) [26]. This could explain the lower mean BLLs 

observed in children of Hispanic origin. Our results are 
consistent with an EPA analysis of CDC data from 1999–
2015. They observed that non-Hispanic Black children 
and adolescents in the US have the highest average BLLs 
compared to their non-Hispanic white and Hispanic 
counterparts [27]. Similar to results from other peer-
reviewed literature [27–29] is our finding that males, 
on average, have significantly higher BLLs than females, 
which is especially worrying since studies have also 
shown that males are more susceptible to the effects of 
lead than females [27, 28, 30].

Our study reports a significantly lower BLL among 
children from families with higher socioeconomic sta-
tus (PIR > 3.5: BLL = 0.41 μg/dL, 95% CI 0.38, 0.43). One 
possible reason for this outcome could be the elevated 

Table 1 Characteristics of study population stratified by categories of serum cotinine levels: NHANES 2015–2018 (n = 2,815)

a Education, education of reference person in the household
b IQR interquartile range
c p-values based on chi-square test

Serum cotinine Levels
Unweighted N (Weighted %)

p-valuec

 < 0.03 0.03–3  > 3 ng/ml

Total sample 1153 (44.3) 1553 (52.3) 109 (3.4)

Gender 0.313

 Male 555 (43.1) 766 (52.9) 57 (4.0)

 Female 598 (5.5) 787 (51.6) 52 (2.9)

Age 0.424

 6 − 10 548 (45.8) 720 (50.9) 45 (3.3)

 11 − 15 382 (45.1) 537 (52.0) 33 (2.9)

 16 − 19 223 (40.7) 296 (54.84) 31 (4.5)

Race/ethnicity  < 0.001

 Non-Hispanic White 304 (43.9) 480 (52.2) 48 (3.9)

 Non-Hispanic Black 125 (21.9) 453 (73.3) 33 (4.8)

 Hispanic 331 (57.8) 241 (40.5) 8 (1.7)

 Others 393 (49.0) 379 (48.3) 20 (2.6)

Central Obesity 0.0562

 No 755 (46.5) 970 (50.4) 67 (3.1)

 Yes 398 (40.2) 583 (55.8) 42 (4.0)

HR Educationa  < 0.001

 Less than High School 551 (37.4) 869 (57.7) 81 (4.9)

 High School or some college 431 (47.8) 571 (49.7) 27 (2.4)

 College or above 171 (63.3) 113 (36.3) 1 (0.4)

Poverty-to-income ratio  < 0.001

 < 1.3 324 (30.0) 713 (63.5) 74 (6.6)

 1.3 − 3.5 462 (41.3) 632 (55.9) 28 (2.8)

 > 3.5 367 (62.9) 208 (36.0) 7 (1.1)

Serum Cotinine Levels
 Median  (IQRb), ng/mL

0.02 (0.018, 0.024) 0.10 (0.05–0.33) 4.54 (3.69–6.29)

Blood Lead Levels
 Median (IQR), ug/dl

0.39 (0.29–0.54) 0.48 (0.34–0.69) 0.54 (0.40–0.78)
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smoking rates observed among individuals from low-
income households. Additionally, children from families 
with lower socioeconomic status may encounter other 
sources of lead exposure, such as deteriorating paint in 
older homes. For example, Cornelius et al. reported that 
20.2% of adults smoked cigarettes in households with 
lower income (Annual Household income < $35,000) 
vs. 6.2% of adult cigarette smokers from higher-income 
households (Annual Household income ≥ $100,000) 
[26]. Comparing our findings to the new CDC blood 
lead guidelines, 0.4% of our study participants had 
BLLs ≥ 3.5  µg/dl. This is lower than the expected 2.5% 
of participants in a previous study [2] mainly because 
the blood lead reference value analysis included only 
children from 1 to 5 years old. Our study excluded chil-
dren younger than 6 years due to missing serum cotinine 
measurements and restricted availability of blood lead 
level data for children aged 3–5  years. Consequently, 
our study only included children older than 6  years up 
to 19  years. It also showed that the highest percentage 
of participants with BLLs above the median, 0.48 μg/dL 
were children aged 6 − 10. These results follow trends 
similar to an EPA report that states that younger children 
have the highest BLLs compared to their older counter-
parts [27].

We found that children aged 6 − 10 had the highest 
average BLL compared to all other age groups. Multi-
ple factors can be attributed to this pattern. The first 
factor that may be contributing to the higher average 
BLLs among children in this age group is their behavioral 
patterns, such as hand-to-mouth activities where chemi-
cals are transferred from soil or contaminated surfaces 
to hands and then ingested. The EPA presented that the 

frequency of hand-to-mouth behavior among children 
is inversely related to the age of the children [31, 32]. 
Among children aged 6–10, the average frequency of 
indoor hand-to-mouth contact was 6.7 times per hour, 
while outdoor hand-to-mouth contact occurred at an 
average frequency of 2.9 times per hour [32]. Similarly, 
the average frequency of indoor object-to-mouth con-
tact was 1.1 times per hour, and outdoor object-to-mouth 
contact was observed at an average frequency of 1.9 
times per hour in the same age group [33]. As the child’s 
age increases, the frequency of these behaviors decreases, 
potentially decreasing exposure to toxic chemicals such 
as lead via this route. Other sources of lead exposure via 
these behaviors include ingesting chipped or flaked lead-
based paint, contaminated goods like jewelry, imported 
toys, utensils, traditional cosmetics, and cookware [34, 
35].The second factor might be gastrointestinal (GI) 
lead absorption in children. While children’s GI system 
is maturing, the absorption kinetics is markedly differ-
ent from the adults. On average, children absorb about 
40 − 50% of lead compared to 10 − 15% of adults [36].

Reports on the association between obesity and BLLs 
remain inconclusive. Analysis of NHANES data between 
1997 to 2000 showed a steady increase in obesity rates 
and a decrease in BLLs among children in the US [37]. 
Scinicariello et al. report an inverse association between 
body weight outcomes and BLLs among adolescents and 
children [38]. Kim et al. also reported a statistically sig-
nificant correlation between BMI and lead level in teeth 
[39]. In contrast, we observed that children and adoles-
cents who had central obesity had significantly lower 
BLLs compared to their counterparts who did not. BLLs 
are proportional to total body lead concentration only 

Fig. 1 Log-scale scatter plot of serum cotinine and blood lead levels as continuous variables for all subjects (beta coefficient = 0.05, R-square = 0.11, 
p < 0.05). The bold line indicates a regression line, and the gray shade represents 95% confidence intervals
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if there is chronic exposure to lead. While BLLs have 
decreased consistently over the past few decades owing 
to environmental reforms like the ban on leaded gasoline 
and lead pipes, the body burden of lead may last for dec-
ades [40]. A reverse causality association between obesity 
and BLLs cannot be excluded, and future research must 
address this issue.

The study’s strength includes a large nationally repre-
sentative sample and follows the study design and sam-
pling protocols. BLLs were measured using ICP-MS, a 
gold standard to analyze BLLs accurately [41]. In addi-
tion, serum cotinine levels, a biological indicator, were 
utilized to assess SHS exposure in our study, which is 
more reliable compared to the self-reported number of 

smokers in the household relying on responders’ mem-
ories [42]. However, our study has several limitations. 
First, there is a lack of other potential confounding vari-
ables, such as environmental conditions, such as the year 
their residences were built, behavioral factors, and other 
sources of lead exposure, such as dust inhalation and 
consumer products, which have not been collected in 
the NHANES data. Second, this study includes children 
aged 6 to 19 whose serum cotinine and BLLs were avail-
able in the NHANES database, which means the associa-
tion could be underestimated because our analysis did 
not include younger children aged less than 6 years who 
spend more time exposed to secondhand smoke and bear 
a higher lead exposure burden than older children. Lastly, 

Table 2 Percentage of subjects by categories of BLLs among US children and adolescents: NHANES 2015 − 2018

a Median of blood lead level among the entire study population; 
b p-values derived from chi-square test comparing subjects with BLL below and above the median (0.45 µg/dl) across characteristics
c CDC’s blood lead reference value

Characteristics Blood Lead Levels
Unweighted N (Weighted %)

p-valueb BLL > 3.5 µg/dlc 
Unweighted N
(Weighted %)

 ≤ 0.45 a  > 0.45 µg/dl

Total sample 1275 (50.0) 1540 (50.0) 14 (0.4)

Gender  < 0.001

 Male 522 (41.4) 856 (58.6) 4 (0.2)

 Female 753 (58.5) 684 (41.5) 10 (0.5)

Age group  < 0.001

 6 − 10 489 (41.7) 824 (58.3) 5 (0.4)

 11 − 15 453 (50.4) 499 (49.6) 5 (0.3)

 16 − 19 333 (63.1) 217 (36.9) 4 (0.4)

Race/ethnicity 0.020

 Non-Hispanic White 377 (51.5) 455 (48.6) 3 (0.3)

 Non-Hispanic Black 229 (40.4) 382 (59.6) 0 (0)

 Hispanic 310 (55.5) 270 (44.5) 5 (0.8)

 Other 359 (47.7) 433 (52.3) 6 (0.5)

Central Obesity  < 0.001

 No 739 (46.4) 1053 (53.5) 10 (0.4)

 Yes 536 (56.7) 487 (43.3) 4 (0.3)

Education 0.271

 Less than a high school 725 (52.1) 776 (47.9) 9 (0.5)

 High school or some college 425 (48.1) 604 (51.9) 5 (0.3)

 College graduate or above 125 (47.0) 160 (53.0) 0 (0)

Poverty Income Ratio  < 0.001

 < 1.3 457 (43.6) 654 (56.4) 7 (0.5)

 1.3–3.5 508 (47.5) 614 (52.5) 6 (0.5)

 > 3.5 310 (59.8) 272 (40.2) 1 (0.1)

Serum Cotinine levels  < 0.001

 < 0.03 ng/mL 636 (59.7) 517 (40.3) 7 (0.3)

 0.03–3 606 (43.1) 947 (56.9) 6 (0.3)

 > 3 33 (30.2) 76 (69.8) 1 (1.0)
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due to the cross-sectional study design, the temporal link 
between SHS exposure and BLLs could not be assured.

Conclusion
The study provides additional evidence supporting sec-
ondhand smoke may be a source of lead exposure among 
children and adolescents in the US. These findings have 
implications for lead exposure prevention programs and 
policy redirection. Accelerated incorporation of smoke-
free initiatives should be promoted under lead poison-
ing prevention programs, especially among communities 
dwelling in environmentally depleted and low socioeco-
nomic neighborhoods, and the focus needs to be redi-
rected from the primary sources of lead exposure to 
other often neglected sources such as secondhand smoke, 
especially for chronic low-level lead exposure. Although 
implementing a public policy on a large scale might seem 
far-fetched, especially in private home settings, banning 

smoking in environments with children will help reduce 
the detrimental health outcomes of chronic low-level 
lead exposure. An actionable change includes contin-
ued education of parents about secondhand smoke as a 
source of lead exposure for their children that will help 
prevent chronic exposure to low lead levels.

Abbreviations
ACCLPP  Advisory Committee on Childhood Lead Poisoning Prevention
BLL  Blood Lead Level
BMI  Body Mass Index
CDC  Centers for Disease Control
CI  Confidence Interval
EPA  Environmental Protection Agency
GI  Gastrointestinal
GM  Geometric Means
ICP-MS  Inductively Coupled Plasma Mass Spectrometry
IQR  Interquartile Range
LOD  Limit of Detection
NHANES  National Health and Nutritional Examination Survey

Table 3 Adjusteda geometric means of BLL and ratio of GMs among US children and adolescents

a Adjusted for gender, age, race/ethnicity, central obesity, education of reference person in the household, and poverty-to-income ratio;
b p values for trend were estimated to assess dose–response effect across categories of serum cotinine levels in the regression models

Characteristics Blood Lead Level, μg/dL (GMs, 
95%)

Ratio of GMs
(95% CI)

p-value p-trendb

Total 0.46 (0.44, 0.49)

Serum cotinine levels  < 0.001

 < 0.03 ng/mL 0.41 (0.38, 0.43) 1.00

 0.03–3 0.48 (0.45, 0.51) 1.18 (1.12, 1.24)  < 0.001

 > 3 0.52 (0.46, 0.59) 1.29 (1.13, 1.46)  < 0.001

Gender  < 0.001

 Female 0.43 (0.40, 0.45) 1.00

 Male 0.51 (0.48, 0.55) 1.20 (1.15, 1.26)  < 0.001

Age
 6–10 0.52 (0.50, 0.55) 1.00  < 0.001

 11–15 0.47 (0.44, 0.50) 0.89 (0.84, 0.95)  < 0.001

 16–19 0.41 (0.38, 0.45) 0.79 (0.73, 0.85)  < 0.001

Race/ethnicity 0.264

 Non-Hispanic White 0.49 (0.45, 0.53) 1.00

 Non-Hispanic Black 0.47 (0.44, 0.51) 0.97 (0.88, 1.06) 0.433

 Hispanic 0.44 (0.40, 0.48) 0.90 (0.82, 0.99) 0.031

 Other 0.47 (0.43, 0.51) 0.96 (0.86, 1.07) 0.455

Central Obesity  < 0.001

 No 0.49 (0.46, 0.52) 1.00

 Yes 0.44 (0.41, 0.47) 0.90 (0.86, 0.94)  < 0.001

Education 0.215

 Less than High School 0.45 (0.43, 0.47) 1.00

 High school or some college 0.47 (0.44, 0.50) 1.04 (0.97, 1.12) 0.084

 College graduate or above 0.49 (0.43, 0.55) 1.08 (0.94, 1.25) 0.057

Poverty Income Ratio  < 0.001

 < 1.3 0.52 (0.48, 0.56) 1.00

 1.3–3.5 0.48 (0.45, 0.51) 0.92 (0.87, 0.97)  < 0.001

 > 3.5 0.41 (0.38, 0.44) 0.79 (0.73, 0.86)  < 0.001



Page 8 of 9Obeng et al. BMC Public Health         (2023) 23:1129 

PIR  Poverty Income Ratio
SHS  Secondhand smoke
USEPA  US Environmental Protection Agency

Acknowledgements
Not applicable.

Author’s contributions
AO and GC conceptualized the research, TR and KU conducted data analysis, 
and AO, TR, and AA wrote the manuscript. TR and GC provided oversight 
and contributed to the final editing of the manuscript. All authors read and 
approved this manuscript.

Funding
Not applicable

Availability of data and materials
The data analyzed for this study are publicly available data from the National 
Health and Nutrition Examination Survey available at https:// www. cdc. gov/ 
nchs/ nhanes/ index. htm.

Declarations

Ethics approval and consent to participate
The present study performed a secondary data analysis using the National 
Health and Nutrition Examination Survey database. The protocol was reviewed 
and approved by the National Center for Health Statistics Ethics Review Board. 
Written informed consent was sought from the participants and guardians 
of those younger than 18. Details are available at https:// www. cdc. gov/ nchs/ 
nhanes/ irba98. htm. The present study was deemed exempt from further 
review because the data used are de-identifed and publicly available.

Consent for publication
Not applicable.

Competing Interests
The authors declare no competing interests.

Received: 29 December 2022   Accepted: 27 May 2023

References
 1. Sanders T, Liu Y, Buchner V, Tchounwou PB. Neurotoxic effects 

and biomarkers of lead exposure: a review. Rev Environ Health. 
2009;24(1):15–45.

 2. CDC’s Blood Lead Reference Value. https:// www. cdc. gov/ nceh/ lead/ data/ 
blood- lead- refer ence- value. htm.

 3. Rădulescu A, Lundgren S. A pharmacokinetic model of lead absorption 
and calcium competitive dynamics. Sci Rep. 2019;9(1):14225.

 4. Kim KN, Kwon HJ, Hong YC. Low-level lead exposure and autistic behav-
iors in school-age children. Neurotoxicology. 2016;53:193–200.

 5. Wang G, DiBari J, Bind E, Steffens AM, Mukherjee J, Azuine RE, Singh GK, 
Hong X, Ji Y, Ji H, et al. Association between maternal exposure to lead, 
maternal folate status, and intergenerational risk of childhood over-
weight and obesity. JAMA Netw Open. 2019;2(10): e1912343.

 6. Raymond J, Brown MJ. Childhood blood lead levels in children aged <5 
Years - United States, 2009-2014. Morb Mortal Wkly Rep Surveill Summ 
(Washington, DC : 2002). 2017;66(3):1–10.

 7. Federal Action Plan to Reduce Childhood Lead Exposure. https:// www. 
epa. gov/ lead/ feder al- action- plan- reduce- child hood- lead- expos ure.

 8. Dignam T, Kaufmann RB, LeStourgeon L, Brown MJ. Control of lead 
sources in the United States, 1970–2017: public health progress and 
current challenges to eliminating lead exposure. J Public Health Manag 
Pract. 2019;25 Suppl 1, Lead Poisoning Prevention(Suppl 1 LEAD POISON-
ING PREVENTION):S13-s22.

 9. Muller C, Sampson RJ, Winter AS. Environmental inequality: the 
social causes and consequences of lead exposure. Ann Rev Sociol. 
2018;44(1):263–82.

 10. Egan KB, Cornwell CR, Courtney JG, Ettinger AS. Blood Lead Levels in 
US Children Ages 1–11 Years, 1976–2016. Environ Health Perspect. 
2021;129(3):037003.

 11. Centers for Disease Control and P. Vital signs: nonsmokers’ exposure to 
secondhand smoke -- United States, 1999-2008. MMWR Morb Morta Wkly 
Rep. 2010;59(35):1141–6.

 12. DiFranza JR, Aligne CA, Weitzman M. Prenatal and postnatal environmen-
tal tobacco smoke exposure and children’s health. Pediatrics. 2004;113(4 
Suppl):1007–15.

 13. Ratschen E, Thorley R, Jones L, Opazo Breton M, Cook J, McNeill A, Brit-
ton J, Coleman T, Lewis S. A randomised controlled trial of a complex 
intervention to reduce children’s exposure to secondhand smoke in the 
home. Tob Control. 2018;27(2):155–62.

 14. Lee B, Ha J. The effects of smoking and drinking on blood lead and cad-
mium levels: data from the Fourth Korea National Health and Nutrition 
Examination Survey. KJOEM. 2011;23(1):31–41.

 15. Navas-Acien A, Selvin E, Sharrett AR, Calderon-Aranda E, Silbergeld E, 
Guallar E. Lead, cadmium, smoking, and increased risk of peripheral arte-
rial disease. Circulation. 2004;109(25):3196–201.

 16. Leroyer A, Hemon D, Nisse C, Bazerques J, Salomez JL, Haguenoer JM. 
Environmental exposure to lead in a population of adults living in north-
ern France: lead burden levels and their determinants. Sci Total Environ. 
2001;267(1–3):87–99.

 17. Richter PA, Bishop EE, Wang J, Kaufmann R. Trends in tobacco smoke 
exposure and blood lead levels among youths and adults in the United 
States: the National Health and Nutrition Examination Survey, 1999–2008. 
Prev Chronic Dis. 2013;10:E213.

 18. Apostolou A, Garcia-Esquinas E, Fadrowski JJ, McLain P, Weaver VM, 
Navas-Acien A. Secondhand tobacco smoke: a source of lead exposure in 
US children and adolescents. Am J Public Health. 2012;102(4):714–22.

 19. Mannino DM, Albalak R, Grosse S, Repace J. Second-hand smoke 
exposure and blood lead levels in U.S. children. Epidemiology. 
2003;14(6):719–27.

 20. Gray JP, Hall GJ. Cotinine. In: Wexler P, editor. Encyclopedia of Toxicology 
(Third Edition). Bethesda: Academic Press; 2014. p. 1050-1.

 21. Stierman B AJ, Carroll M, Chen TC, Davy O, Fink S, Fryar C, Gu Q, Hales C, 
Hughes, J, Ostchega Y, Storandt R, Akinbami L: National Health and Nutri-
tion Examination Survey 2017–March 2020 Prepandemic Data Files—
Development of Files and Prevalence Estimates for Selected Health 
Outcomes. In. Edited by SERVICES USDOHAH: Centers for Disease Control 
and Prevention; 2021.

 22. Feng J, Sosnoff CS, Bernert JT, Blount BC, Li Y, Valle-Pinero AYD, Kimmel 
HL, Bemmel DMv, Rutt SM, Crespo-Barreto J, et al. Urinary Nicotine 
metabolites and self-reported tobacco use among adults in the Popula-
tion Assessment of Tobacco and Health (PATH) study, 2013–2014. 
Nicotine Tob Res. 2022;24(5):768–77.

 23. Berman LE, Fisher AL, Ostchega Y, Reed-Gillette DS, Stammerjohn EL. 
Quality Assurance (QC)/Quality Control (QC) Processes for the National 
Health and Nutrition Examination Survey (NHANES). In: Proc AMIA Symp. 
2001. p. 862.

 24. Zhang B, Small DS. A calibrated sensitivity analysis for matched obser-
vational studies with application to the effect of second-hand smoke 
exposure on blood lead levels in children. J Roy Stat Soc: Ser C (Appl Stat). 
2020;69(5):1285–305.

 25. Teye SO, Yanosky JD, Cuffee Y, Weng X, Luquis R, Farace E, Wang L. Explor-
ing persistent racial/ethnic disparities in lead exposure among American 
children aged 1–5 years: results from NHANES 1999–2016. Int Arch Occup 
Environ Health. 2021;94(4):723–30.

 26. Cornelius ME, Loretan CG, Wang TW, Jamal A, Homa DM. Tobacco Product 
Use Among Adults – United States, 2020. MMWR Morb Mortla Wkly Rep. 
2022;71(11):397–405.

 27. Blood Lead Level. https:// cfpub. epa. gov/ roe/ indic ator. cfm?i= 63.
 28. Gade M, Comfort N, Re DB. Sex-specific neurotoxic effects of heavy 

metal pollutants: Epidemiological, experimental evidence and candidate 
mechanisms. Environ Res. 2021;201:111558.

 29. Vahter M, Akesson A, Lidén C, Ceccatelli S, Berglund M. Gender 
differences in the disposition and toxicity of metals. Environ Res. 
2007;104(1):85–95.

https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/irba98.htm
https://www.cdc.gov/nchs/nhanes/irba98.htm
https://www.cdc.gov/nceh/lead/data/blood-lead-reference-value.htm
https://www.cdc.gov/nceh/lead/data/blood-lead-reference-value.htm
https://www.epa.gov/lead/federal-action-plan-reduce-childhood-lead-exposure
https://www.epa.gov/lead/federal-action-plan-reduce-childhood-lead-exposure
https://cfpub.epa.gov/roe/indicator.cfm?i=63


Page 9 of 9Obeng et al. BMC Public Health         (2023) 23:1129  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 30. Joo H, Choi JH, Burm E, Park H, Hong YC, Kim Y, Ha EH, Kim Y, Kim BN, Ha 
M. Gender difference in the effects of lead exposure at different time 
windows on neurobehavioral development in 5-year-old children. Sci 
Total Environ. 2018;615:1086–92.

 31. Moya J, Phillips L, Schuda L, Wood P, Diaz A, Lee R, Clickner R, Birch R, 
Adjei N, Blood P. Exposure factors handbook: 2011 edition. In: US Environ-
mental Protection Agency. 2011.

 32. Xue J, Zartarian V, Moya J, Freeman N, Beamer P, Black K, Tulve N, Shalat S. 
A meta-analysis of children’s hand-to-mouth frequency data for estimat-
ing nondietary ingestion exposure. Risk Anal. 2007;27(2):411–20.

 33. Xue J, Zartarian V, Tulve N, Moya J, Freeman N, Auyeung W, Beamer P. A 
meta-analysis of children’s object-to-mouth frequency data for estimat-
ing non-dietary ingestion exposure. J Eposure Sci Environ Epidemiol. 
2010;20(6):536–45.

 34. Roberts DJ, Bradberry SM, Butcher F, Busby A. Lead exposure in children. 
BMJ. 2022;377:e063950.

 35 Pavilonis B, Maroko A, Cheng Z. Lead in New York City’s soils: popula-
tion growth, land use, and contamination. Int J Hyg Environ Health. 
2020;229:113564.

 36. Ziegler EE, Edwards BB, Jensen RL, Mahaffey KR, Fomon SJ. Absorption 
and retention of lead by infants. Pediatr Res. 1978;12(1):29–34.

 37. Padilla MA, Elobeid M, Ruden DM, Allison DB. An examination of the 
association of selected toxic metals with total and central obesity indices: 
NHANES 99–02. Int J Environ Res Public Health. 2010;7(9):3332–47.

 38. Scinicariello F, Buser MC, Mevissen M, Portier CJ. Blood lead level 
association with lower body weight in NHANES 1999–2006. Toxicol Appl 
Pharmacol. 2013;273(3):516–23.

 39. Kim R, Hu H, Rotnitzky A, Bellinger D, Needleman H. A longitudinal study 
of chronic lead exposure and physical growth in Boston children. Environ 
Health Perspect. 1995;103(10):952–7.

 40. White BM, Bonilha HS, Ellis C Jr. Racial/ethnic differences in childhood 
blood lead levels among children <72 months of age in the United 
States: a systematic review of the literature. J Racial Ethn Health Dispari-
ties. 2016;3(1):145–53.

 41. Allabashi R, Stach W, de la Escosura-Muñiz A, Liste-Calleja L, Merkoçi 
A. ICP-MS: a powerful technique for quantitative determination of 
gold nanoparticles without previous dissolving. J Nanopart Res. 
2009;11(8):2003–11.

 42. Yeramaneni S, Yolton K, Kannan K, Dietrich KN, Haynes EN. Serum cotinine 
versus parent reported measures of secondhand smoke exposure in rural 
appalachian children. J Appalach Health. 2019;1(1):15–26.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	The contribution of secondhand tobacco smoke to blood lead levels in US children and adolescents: a cross-sectional analysis of NHANES 2015–2018
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design and population
	Secondhand smoke exposure assessment
	Blood lead level measurement
	QAQC procedure
	Covariates
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


