ARTICLE

Kidney Function and Tobacco Smoke Exposure in US

Adolescents

AUTHORS: Esther Garcia-Esquinas, MD, MHS 2>¢4 Lauren F.
Loeffler, MD,¢ Virginia M. Weaver, MD, MPH,2b¢ Jeffrey J.
Fadrowski, MD, MHS ¢ and Ana Navas-Acien, MD, PhDab¢

Department of Environmental Health Sciences, John Hopkins
University Bloomberg School of Public Health, Baltimore,
Maryland; ®Welch Center for Prevention, Epidemiology, and
Clinical Research, Johns Hopkins Medical Institutions, Baltimore,
Maryland; ¢Environmental Epidemiology and Cancer Unit,
National Center for Epidemiology, Carlos Ill Institute of Health,
Madrid, Spain; “Consortium for Biomedical Research in
Epidemiology & Public Health (CIBER en Epidemiologia y Salud
Publica - CIBERESP), Madrid, Spain; and ¢Departments of
Pediatrics and "Medicine, Johns Hopkins University School of
Medicine, Baltimore, Maryland

KEY WORDS
adolescents, cotinine, creatinine, secondhand smoke, smoking,
tobacco smoke pollution

ABBREVIATIONS

ACR—albumin-to-creatinine ratio

Cl—confidence interval

CKD—chronic kidney disease

CKiD—chronic kidney disease in children

eGFR—estimated glomerular filtration rate
IQR—interquartile range

LOD—Iimit of detection

NHANES—National Health and Nutrition Examination Survey

Dr Garcia-Esquinas conceptualized and designed the study,
conducted statistical analyses, interpreted the data, drafted the
initial article, and approved the final article as submitted. Dr
Lauren Loeffler conceptualized and designed the study,
conducted statistical analyses, interpreted the data, reviewed
and revised the article, and approved the final article as
submitted. Dr Virginia Weaver conceptualized and designed the
study, interpreted the data, reviewed and revised the article,
and approved the final article as submitted. Dr Jeffrey
Fadrowski conceptualized and designed the study, interpreted
the data, reviewed and revised the article, and approved the
final article as submitted. Dr Ana Navas-Acien conceptualized
and designed the study, provided statistical support, interpreted
the data, drafted the initial article, reviewed and revised the
article, and approved the final article as submitted.

www.pediatrics.org/cgi/doi/10.1542/peds.2012-3201
doi:10.1542/peds.2012-3201
Accepted for publication Jan 3, 2013

Address correspondence to Ana Navas-Acien, MD, PhD,
Department of Environmental Health Sciences, Johns Hopkins
Bloomberg School of Public Health, 615 N Wolfe St, Office W7513D,
Baltimore, MD 21205. E-mail: anavas@jhsph.edu

(Continued on last page)

PEDIATRICS Volume 131, Number 5, May 2013

K smoke effects on kidney function begin in childhood. /

WHAT’S KNOWN ON THIS SUBJECT: Active smoking and \
secondhand smoke are associated with chronic kidney disease in
adults. No data are available for children.

WHAT THIS STUDY ADDS: Secondhand smoke and active smoking
were associated with decreased estimated glomerular filtration
rate in US adolescents. These findings support that tobacco

BACKGROUND AND OBJECTIVE: Active smoking and secondhand
smoke (SHS) are known risk factors for kidney disease in adults.
We evaluated the association between exposure to active smoking
or SHS and kidney function in US adolescents.

METHODS: This is a cross-sectional study in 7516 adolescents aged
12—17 who participated in NHANES 1999-2010 and had serum creatinine
and cotinine measures. Active smoking was defined as self-reported
smoking or serum cotinine concentrations >10 ng/mL. SHS was
defined as nonactive smokers who selfreported living with =1
smokers or serum cotinine concentrations = 0.05 ng/mL. Kidney
function was determined by using the chronic kidney disease in
children estimated glomerular filtration rate (eGFR) equation.

RESULTS: Median (interquartile range) eGFR and serum cotinine con-
centrations were 96.8 (85.4-109.0) mL/minute per 1.73 m? and 0.07
(0.03-0.59) ng/mL, respectively. After multivariable adjustment, eGFR
decreased 1.1 ml/minute per 1.73 m? (95% confidence interval [Cl]:
—18 to —03) per interquartile range increase in serum cotinine
concentrations. The mean (95%Cl) difference in eGFR for serum cotinine
tertiles 1, 2, and 3 among children exposed to SHS compared to unexposed
were —04 (—191t0 1.2), —09 (=27 t0 0.9), and —22 (—4.0 to —0.4) mL/
minute per 173 m? respectively (P = 03). The corresponding values
among tertiles of active smokers compared to unexposed were 0.2
(—22 to 26), —19 (—38 t0 00), and —26 (—4.6 to —0.6) mL/minute
per 1.73 m” (P = 01).

CONCLUSIONS: Tobacco smoke exposure was associated with de-
creased eGFR in US adolescents, supporting the possibility that tobacco

smoke effects on kidney function begin in childhood. Pediatrics 2013;131:
e1415—e1423
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Tobacco use and exposure to second-
hand tobacco smoke are major health
problems for adolescents, resulting in
short-term and long-term adverse
health effects.'? In the United States,
more than 600000 middle school
students and 3 million high school
students smoke cigarettes.' Approxi-
mately 15% of nonsmoking adolescents
self-report exposure to secondhand
smoke at home.* In adolescents, active
smoking has been associated with in-
creased asthma risk,>6 reduced lung
function and growth,”-9 early athero-
sclerotic lesions,'0-13 and increased
cancer risk and premature mortality in
adulthood.'*" Furthermore, tobacco
use during adolescence increases the
risk of heavier smoking in adulthood
because of early nicotine addiction.!
Secondhand smoke exposure at a young
age has been associated with increased
risk of asthma,’® reduced lung func-
tion® endothelial dysfunction,’”'8 and
neurocognitive deficits,'® and increased
probability of smoking during adoles-
cence and early adulthood.!

Evidence from adult populations sup-
ports that active smoking is a risk factor
for chronic kidney disease (CKD).20-27
Some studies also support the associa-
tion between secondhand tobacco
smoke and CKD in adults.202226 No stud-
ies have evaluated these associations in
children. Children and adolescents may
be a more ideal population in which to
examine the association between to-
bacco smoke and kidney function as they
have a very low prevalence of CKD and
are much less likely to be affected by
common, and potentially confounding,
CKD risk factors such as diabetes and
hypertension.28 The objective of this
study was to examine the relationship of
active smoking and secondhand smoke
exposure with glomerular filtration rate
(eGFR) estimated by the creatinine-
based bedside Chronic Kidney Disease
in Children (CKiD) equation in US ado-
lescents 12 to 17 years of age.
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METHODS
Study Population

Between 1999 and 2010, the National
Health and Nutrition Examination Sur-
vey (NHANES) examined a nationally
representative sample of ~5000 per-
sons each year by using a complex mul-
tistage sample design.2® The NHANES
protocol was reviewed and approved
by the National Center for Health Sta-
tistics Institutional Review Board. For
participants << 18 years, informed con-
sent was provided by the participants
and their guardians. The participation
rate for children 12 to 17 years old com-
pleting the questionnaires and physical
examinations during the NHANES 1999—
2010 was 85.8%.30

For this study, we selected 9155 ado-
lescents 12 to 17 years of age who
participated in the NHANES 2009-2010.
We then excluded participants having
missing values of serum creatinine or
serum cotinine (N = 1236), as well as
those without information on BMI or
parental education (N =354). We also
excluded 49 adolescents who were
pregnant, leaving 7516 participants for
these analyses. Participants included
in this analysis were similar with re-
spect to age, gender, and race/ethnicity
compared with the original sample of
adolescent in the NHANES 2009—-2010
(data not shown).

Exposure Assessment

Tobacco use and exposure to second-
hand smoke were assessed by using
self-reported data from the home
questionnaire and serum cotinine,
a specific biomarker of tobacco expo-
sure.332  Participants self-reporting
having smoked “at least one day” in
the last month (NHANES 1999-2010) or
“at least one cigarette” in the last
month (NHANES 2005-2010), or those
who had serum cotinine concentrations
over 10 ng/mL regardless of their self-
reported information, were classified
as active smokers (N = 927).3334

Secondhand smoke exposure was de-
fined as nonactive smokers who self-
reported living with at least 1 person
who smoked (independent of their
cotinine levels), or who had cotinine
levels = 0.05 ng/mL but =10 ng/mL
even if they reported not living with a
smoker (N = 3692). Participants with
serum cotinine levels below 0.05 ng/mL,
not living with a smoker, and not
smoking in the last month were clas-
sified as unexposed to tobacco (N =
2897).

Serum cotinine was measured by
an isotope dilution-high performance
liquid chromatography/atmospheric
pressure chemical ionization tandem
mass spectrometry.3® The limit of de-
tection (LOD) for serum cotinine was
0.05 ng/mL for the NHANES 1999-2000
and the first phase of the NHANES
2001-2002, and 0.015 ng/mL for the
second phase of the NHANES 2001-
2002 and thereafter. In the study
sample, serum cotinine levels were
undetectable for 24% of the partic-
ipants. Serum cotinine concentrations
below the LOD were replaced by the
LOD divided by the square root of 2. The
interassay coefficients of variation for
serum cotinine ranged from 1.1% to
9_0%'36,37

Outcome Assessment

Serum creatinine was measured by the
modified kinetic Jaffé reaction. The
interassay coefficients of variation
ranged from 0.1% to 4.4%.583% To stan-
dardize serum creatinine measure-
ments to a “gold standard” reference
method as recommended by the Na-
tional Kidney Disease Education Pro-
gram,*0 the NHANES also analyzed
serum creatinine in a subset of par-
ticipants by using a coupled enzymatic
assay with calibrators traceable to an
isotope dilution mass spectrometric
method for serum creatinine (gold
standard). Because a significant dif-
ference existed between creatinine



determined by the modified Jaffé re-
action and the enzymatic method in the
NHANES 1999-2000 and the NHANES
2005—-2006, the NHANES recommended
the following corrections:

Corrected creatininesggg-2000
= 0.147 + [1.013X Creatinine]

Corrected creatininesgo-o00s
= —0.016 + [0.978XCreatinine]

Several creatinine-based equations can
be used to estimate kidney function in
adolescents.4! We performed all ana-
lyses by using the original Schwartz*2
andthe novel bedside CKiD equations*3:

eGFRkip = 0.413X height in centimeters/
creatinine]

€GFRschwart = [0.7Xheight in centimeters/
creatinine]for boys > 13years; [0.55Xheight/
creatininejotherwise.

The findings were the same using both
equations, and we present the results
based on the novel bedside CKiD equa-
tion because it was also derived by using
creatinine measurements that are trace-
able to a gold standard method.

Other Variables

Questionnaire information included
gender, age, education ofthe household
reference person (less than high
school, high school, and more than high
school),and race/ethnicity (non-Hispanic
white, non-Hispanic black, Mexican-
American, other). Measured height
and weight were obtained during the
physical examination. BMI percentiles
were calculated based on the Centers
for Disease Gontrol and Prevention’s
BMI for age and gender specific growth
charts, and categorized as normal,
overweight, and obese if BMI percentiles
were =84, 85—-94, and =95, respectively.
Blood pressure measurements were
obtained by manual auscultation with
a mercury-gravity manometer by using
a standardized protocol* and systolic
and diastolic blood pressure percentiles

PEDIATRICS Volume 131, Number 5, May 2013

were calculated by using established
methods.#

Statistical Analyses

Statistical analyses were performed in
STATA version 11.0 statistical software
(Stata Corp, College Station, TX) by us-
ing the survey (svy) command to ac-
count for the complex sampling design
and weights in the NHANES.

The distribution of eGFR was deter-
mined for participants in each of the
tobacco exposure categories (unex-
posed, secondhand smoke, and active
smokers).To evaluatethe association of
tobacco exposure with eGFR, first we
estimated the mean difference in eGFR
levels by serum cotinine concentrations
by using linear regression models.
Cotinine concentrations were modeled
as (1) tertiles among secondhand
smoke exposed participants and ac-
tive smokers, respectively, compared
with unexposed participants; (2) in-
terquartile range (IQR) increase; and
(3) restricted cubic spline models with
knots at 10th, 50th, and 90th percentiles
in all participants. We evaluated crude
models, models adjusted for age and
gender, and models further adjusted for
parental education status, race/ethnicity,
BMI, and survey year. We further adjusted
for household income, systolic blood
pressure percentile, and birth weight in
the subsample of participants with this
information available (N = 4578). Also,
because the bedside CKiD equation
accounts for the relationship between
creatinine production and muscle mass
by using height as a surrogate, we ad-
justed for potential differences in lean
body mass in the subset of participants
with dual-energy radiograph absorpti-
ometry data in the NHANES 1999-2004 46
The results were similar after adjust-
ment for lean body mass (data not
shown).

To evaluate the consistency of our
findings, we conducted the following
sensitivity analyses. First, we estimated
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the mean eGFR levels by IQR increase
in log-transformed serum cotinine in
models stratified by gender, age, pa-
rental education, race/ethnicity, BMI,
and birth weight. This was an explor-
atory analysis because we had no
a priori hypothesis for potential effect
modification between smoking and the
variables evaluated. Second, we re-
peated all the analyses estimating GFR
by using the Schwartz equation in-
stead of the CKiD equation. Third, we
evaluated the association between
serum cotinine concentrations and log-
transformed urinary albumin-to-creatinine
ratio (ACR) in the subsample of 2009—
2010 NHANES participants with a first-
morning urine sample available (N =
858) .47

RESULTS

Median (IQR) eGFR in participants un-
exposed to tobacco was 99.1 (88.1—
111.0) mL/minute per 1.73 m? com-
pared with 96.8 (85.0-109.0) mL/
minute per 1.73 m> among partic-
ipants exposed to secondhand smoke
and 90.1 (81.3-100.9) mL/minute per
1.73 m? among active smokers. Older
adolescents, boys, Mexican-American,
and African American participants,
and participants with lower parental
education and higher BMI were more
likely to smoke (Table1). Secondhand
smoke exposure was more common
in boys, younger adolescents, adoles-
cents with lower parental education,
and those who were obese. After mul-
tivariate adjustment, the mean (95%
confidence interval [CI]) difference in
eGFR for serum cotinine tertiles 1, 2,
and 3 among children exposed to sec-
ondhand smoke compared with un-
exposed were —0.4 (—1.91t01.2), —09
(—271009), and —22 (—4.0 to —04)
mL/minute per 1.73 m? respectively (P =
03) (Table 2). The corresponding mean
(95% Cl) difference in eGFR for serum
cotinine tertiles 1, 2, and 3 among active
smokers compared with unexposed were
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TABLE 1 Median (IQR) Serum Gotinine (ng/mL), Median (SD) eGFR (mL/min per 1.73 m2), and Tobacco Smoke Exposure Status by Participant
Characteristics in US Adolescents 12 to 17 Years of Age

Unexposed
(N =2897)

Overall (N =7516)

SHS
(N = 3692)

Active Smoking
(N =927)

Median eGFR (IQR)

Median Serum Cotinine (IQR)

Weighted %

Weighted % Weighted %

Overall 96.8 (85.4-109.0) 0.07 (0.03-0.59)
Gender
Boy 929 (81.8-105.4) 0.09 (0.03-0.72) 37.1 48.1 14.8
Girl 99.9 (90.0-112.0) 0.06 (0.02-0.49) 434 43.0 13.6
Age, y
12-13 106.7 (96.3—-119.4) 0.05 (0.02-0.33) 434 53.0 13.6
14-15 96.2 (86.4—106.4) 0.07 (0.02-0.51) 429 442 129
16-17 88.23 (78.9-99.1) 0.11 (0.03—1.58) 34.0 402 25.8
Ethnicity
White 96.3 (85.6—107.7) 0.08 (0.02-1.14) 56.2 34.7 1.0
African American 92.3 (81.4—104.4) 0.23 (0.05-1.03) 45.8 40.2 14.0
Mexican 102.1 (89.7-116.4) 0.04 (0.02-0.13) 40.5 42.8 16.7
Other 99.1 (86.4—112.8) 0.05 (0.02-0.37) 223 68.2 9.5
Education
<High school 98.1 (85.5-111.2) 0.02 (0.04-0.21) 315 52.0 16.5
High school 96.9 (84.9—-109.0) 0.04 (0.19-1.24) 26.4 55.8 17.8
>High school 96.2 (85.7-108.1) 0.14 (0.04-0.98) 49.6 38.7 1.7
BMI (percentile)
Normal weight (=84) 96.1 (85.0-108.5) 0.05 (0.02-0.45) 431 42.7 14.2
Overweight (85—-94) 97.1 (85.8-108.3) 0.06 (0.02-0.57) 35.2 49.0 15.8
Obese (=95) 97.4 (85.7-110.0) 0.08 (0.03-0.65) 339 53.4 127
Birth weight
Normal weight (=2500 g) 101.5 (90.5-112.8) 0.05 (0.22-0.37) 44.0 48.0 8.0
Underweight (<2500 g) 99.2 (88.5-112.0) 0.10 (0.03-0.67) 38.3 53.6 8.1
SHS, secondhand smoke.
TABLE 2 Mean Difference (95% Cl) of eGFR by Serum Cotinine Concentrations in US Adolescents 12 to 17 Years of Age
Exposure Category® (Cotinine Levels) N Model 1 Model 2 Model 3
Unexposed <<0.05 ng/mL 2897 0.0 (reference) 0.0 (reference) 0.0 (reference)
Secondhand smoke
0.05-0.10 ng/mL 1182 —1.7(—=3.5t00.1) —1.0(—=27t00.7) —04(—19t012)
0.10-0.54 1326 —28(—491to0 —06) —23(—42t0 —04) —09 (—271009)
0.55—-10 1184 —3.5(—58t0 —1.3) —3.7 (—=57t0 —16) —22(—40to —0.4)
Ptrend” <.001 <.001 03
Active smoking
0.05-12 ng/mL 335 —43(=71t0 —16) 0.09 (—24t026) 02 (—22t028)
12-103 319 =98 (—12to —7.7) —2.5 (—45t0 —0.5) —19 (—3.8to —0.0)
=104 273 —11.7 (—140to —94) —3.5(—58t0 —1.3) —26 (—4.6to —0.6)
Ptrend” <.001 <.001 <01
Per IQR increase in serum cotinine 7516 —39 (—46t0 —32) —1.38 (—2.1to —0.6) —1.1(—18to0 —0.3)

Model 1, crude; model 2, adjusted for age and gender; model 3, further adjusted for BMI, parental educational level, race/ethnicity, and NHANES year.
a Secondhand smoke and active smoking categories were divided into tertiles according to serum cotinine concentrations within each category.
b Pvalues for trend were obtained separately for participants exposed to secondhand smoke and for active smoking.

02 (—22to 26), —19 (=38 to —00),
and —26 (—46to —0.6) mL/minute per
1.73 m?, respectively (P=01).In a flexible
analysis of the dose-response relation-
ship using restricted cubic splines, eGFR
levels decreased progressively with
increasing serum cotinine concentra-
tions and with no evidence of a thresh-
old (Fig 1). After multivariable adjustment,
an IQR increase in serum cotinine
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concentrations was associated with a
mean difference in eGFR of —1.1 (95%
Cl: —1.8to —0.3) mL/minute per 1.73 m?
(Fig 2). After further adjustment for
birth weight, blood pressure, and
household income in the subsample of
participants with information available
(N = 4578), an IQR increase in serum
cotinine concentrations was associated
with a mean difference in eGFR of —1.5

(95% Cl: —2.4 to —0.6) mL/minute per
1.73 m2 Adjustment by lean body mass in
the subsample of participants with body
composition data available (N = 3780)
revealed similar results, with a mean
decrease of —0.9 (95% Cl: —1.8to —0.0)
mL/minute per 1.73 m* for an IQR in-
crease in serum cotinine concentrations.

Stratified analyses by participant char-
acteristics revealed decreased eGFR
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FIGURE 1

eGFR by serum cotinine concentrations. Mean eGFR difference (thick line) and 95% Cls (thin lines) by
serum cotinine concentrations modeled by using restricted cubic splines for log-cotinine concentrations
with knots at the 10th, 50th, and 90th percentile. The reference value is set at the 30th percentile of the
cotinine distribution. Mean eGFR differences were adjusted for gender, age, race/ethnicity, parental
educational level, BMI, and survey year. Vertical bars represented the histogram of the serum cotinine
distribution. The first and fourth bars in the histogram correspond to participants who were below the
LOD in the NHANES 1999-2000 (0.05 ng/mL) and the NHANES 2001-2010 (0.015 ng/mL). Participants
below the LOD were replaced by the LOD divided by the square root of 2.

associated with increased serum
cotinine concentrations across all sub-
groups evaluated (Fig 2). Effect modifi-
cation was statistically significant by
gender and parental education. Mean
difference in eGFR levels for an IQR in-
crease in serum cotinine concentrations
was stronger for boys (—1.2 [95% Cl:
—2.1to —0.3] mL/minute per 1.73 m?)
compared with girls (—0.6 [95% Cl:
—1.7to —0.4] mL/minute per 1.73 m?).
By parental education, mean eGFR
levels for an IQR increase in serum
cotinine concentrations was stronger
among adolescents whose parents had
less than high school education (—2.2
[—3.9to —0.7] mL/minute per 1.73 m?).
To evaluate if gender differences were
related to a higher tobacco dose
among boys (Table 1), we matched
2300 boys and 2300 girls on age and
serum cotinine concentrations. In this
subsample, the difference in eGFR lev-
els for an IQR increase in serum co-
tinine concentrations were —3.1 (—44
to —1.9) ng/mL for boys and —2.6
(—4.0to —1.3) ng/mL for girls.

When using the Schwartz equation in-
stead of the CKiD equation, the mean
difference in eGFR levels for an IQR
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increase in serum cotinine concen-
trations was —2.0 (95% Cl: —3.0to —1.0)
mL/minute per 1.73 m” Finally, in the
858 NHANES 1999-2010 participants
with urine albumin measured on
a first-morning urine sample (median
ACR, 8.1; IQR, 4.8—-15.0), the geometric
mean of ACR was 3.4 times (95% Cl: 3.2—
3.6) higher for an IQR increase in se-
rum cotinine concentrations.

DISCUSSION

Despite important progress in tobacco
control in the United States in recent
decades, alarge number of adolescents
continue to smoke and remain exposed
to secondhand tobacco smoke.'=3 Al-
though previous evidence supports
that tobacco smoke can affect kidney
function in adult populations, the det-
rimental effect of tobacco smoke on
kidney function in adolescents has not
been evaluated before. In this nation-
ally representative sample of US ado-
lescents, exposure to tobacco, including
secondhand smoke and active smok-
ing, was associated with a lower
eGFR. eGFR decreased linearly with in-
creasing serum cotinine concentrations
after adjustment for sociodemographic
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characteristics, BMI, and parental edu-
cation with no evidence of a threshold.
Our findings were robust to different
sensitivity analyses. We also found a
modest but positive association be-
tween serum cotinine concentrations
and first morning ACR, further sup-
porting that tobacco smoke may dam-
age the kidneys.

Evidence from studies in adult pop-
ulations suggest that smoking, partic-
ularly heavy smoking and cumulative
smoking exposure, is an independent
risk factor for CKD in both genders, as
shown in large, prospective observa-
tional studies.*® Data from a community-
based prospective cohort study con-
ducted among 23 534 men and women
from Washington County, Maryland,
revealed a positive association be-
tween smoking and the risk of CKD af-
ter 20 years of follow-up.25 Similarly,
during a 10-year follow-up study of
adults 40 years and older who received
community-based annual examinations
in Japan, baseline smoking was asso-
ciated with CKD stages Ill or higher.28 In
adults over 18 years of age who par-
ticipated in the NHANES I, current
smokers were also more likely to have
albuminuria than never smokers, and
participants with hypertension were at
an increased risk of albuminuria when
exposed to secondhand smoke.2® How-
ever, evidence on secondhand smoke
and CKD is inconclusive.2 In children, no
population-based studies have evalu-
ated the association between tobacco
and kidney function.

Several mechanisms may explain to-
bacco smoke effects on the kidneys.
Nicotine-induced mesangial cell pro-
liferation is well established in cell
culture models,**-51 and this histo-
pathological change has also been ob-
served in kidney biopsies of active
smokers.52 Tobacco smoke could pro-
mote local oxidative stress and
increases in the production of angio-
tensin 11.53-5 Evidence from animal
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Variables N, Weighted % Mean difference P interaction
,
Overall 7516, 100 + , -1.1(-1.8t0-0.3)
"
"
Boy 3871, 51 — -1.2(-2.1t0-0.3)
)
Girl 3645, 49 —l—i— -0.6 (-1.7to 0.4) .02
1
'
1
Age 12-13y 2531,32 _— -1.3(-3.0to 0.3)
1
Age 14-15y 2459, 34  e—— -1.7(-34t0 0.1)
)
Age 16-18 'y 2526, 34 —_— -0.5(-1.4 to 0.5) 28
1
)
'
1
White 2038, 61 —_— -1.1(-2.2to 0.0)
)
African American 2263, 14 —_— -1.6(-2.7 t0 -0.5)
1
Mexican-American 2357, 12 o -1.0(-2.0t0-0.1)
1
Other 758,13 _— -1.3(-3.2t0 0.7) .38
'
'
1
<High School 2698, 21 ———— ! -2.2(-3.91t0-0.7)
1
High School 1768, 24 —_— -0.9(-2.1t0 0.3)
1
>High School 3050, 55 —_— -0.5(-1.4to 0.4) .04
'
'
BMI <85 4678, 66 —_— X -1.4(-2.2t0-0.5)
)
BMI 85-90 1262, 16 —I:— -0.0(-1.4t0 1.4)
1
BMI >90 1576, 18 —_— -0.8(-2.3t0 0.8) 37
1
)
'
BW>=2500 g 4369, 90 —_— -1.4(-2.7t0-0.1)
1
BW:<2500 g 601, 10 & : -23(-5.8t0 1.2) 77
)
f T t )
-4 2 0 2
eGFR mean difference (95% Cl)
FIGURE 2

Mean (95% Cl) eGFR difference per IQR increase in serum cotinine concentrations by participant
characteristics. Mean differences were adjusted for gender, age, race/ethnicity, parental educational
level, BMI, and survey year. Dots represent the mean difference and horizontal lines the CIs. The P value
indicates the level of significance for interaction for each participant subgroup and was estimated by

using the Wald test.

models and some evidence from epide-
miologic studies support that angiotensin-
converting enzyme inhibition protects
against smoking-induced kidney func-
tion decline.5857 Additionally, tobacco
represents a major source of exposure
to cadmium and lead, established neph-
rotoxicants at relatively low levels of
exposure.28.5859

The association between serum co-
tinine and eGFR was strongerin children
whose parents had lower education
levels, and also in boys. These are post-
hoc findings and need to be interpreted
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with caution. The association with lower
education could be related to several
factors: (1) adult smokers with lower
education may expose their children
more intensivelyto secondhand smoke®?;
(2) children whose parents had lower
education levels were more likely to
be active smokers; (3) lower parental
education may be associated with coex-
posure to other environmental toxicants
that could adversely affect the kidneys?8,
and (4) lower parental education could
also be a marker for other factors that
could affect kidney function such as low

birth weight, diet, and health care ac-
cess. Regarding differences observed
by gender, some studies have de-
scribed stronger kidney effects related
to tobacco smoke exposure in men,2'61
with some authors suggesting that
women’s kidney function may be pro-
tected by the effects of estrogens.5?
However, it is also possible that differ-
ences in tobacco dose (higher dose in
males versus females as suggested in
our study, see Table 1) could also play
a role. In our posthoc matched analy-
sis, the association between serum
cotinine concentrations and eGFR lev-
els were largely similar for boys and
girls. Larger community-based studies,
moreover, have shown similar risks in
men and women.25.25.26

Strengths of this study include its
sample size, the national representa-
tiveness of the study sample, the high
quality study protocol and laboratory
methods, and the consistency of the
various sensitivity analyses that have
been conducted. Importantly, the av-
ailability of serum cotinine, a specific
biomarker of tobacco smoke exposure,
reduces the possibility of exposure
misclassification.53

Limitations ofthis cross-sectional study
must also be considered, including the
lack of prospective data. Although we
adjusted for relevant potential con-
founders including age, gender, race/
ethnicity, parental education, house-
hold income, systolic blood pressure
percentile, BMI, birth weight, and lean
body mass, there is always the possi-
bility of residual confounding by un-
measured factors such as exposure to
other nephrotoxicants, and differences
in health care access and nutritional
status. Finally, the equations used to
estimate GFR have limitations. First,
creatinine is an imperfect surrogate to
estimate GFR, as it varies by muscle
mass and dietary composition.84 Sec-
ond, eGFR equations in children, in-
cluding the bedside CKiD equation,



were developed by using data from
children with CKD, and therefore GFR
may be underestimated when applied
to children without CKD.4' In a previous
study in the NHANES 1999-2002, the
median (IQR) GFR estimated by the
bedside CKiD equation among adoles-
cents 12 to 17 years of age was 97
(84-109) mL/minute per 1.73 m? and
participants in the lower range of eGFR
did not have an increased prevalence
of comorbidities commonly associated
with CKD.4' Given this finding and the
low prevalence of CKD in the pediatric
population, bias of pediatric estimating
equations is possible, as it has been
reported with GFR estimating equa-
tions in adults at higher levels of GFR .85
-67 This source of bias, however, should
be nondifferential and underestimate
potential associations with tobacco
smoke exposure. Third, it is unknown if
the CKiD equation can be generalized to
populations beyond the population for
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