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ABSTRACT
Serum cotinine is a sensitive and specific marker of tobacco smoke
exposure. α-Klotho is an anti-ageing molecule, which plays an important role in
several diseases. We aimed to examine the association between smoke exposure
indicated by the serum cotinine and α-Klotho levels, as previous reports regarding
the level of α-Klotho in smokers have been inconsistent.
METHODS This secondary dataset analysis included 9833 participants (aged 40–79
years; 47.0% females and 53.0% males) from the US National Health and Nutrition
Examination Survey 2007–2016. Independent variables were serum cotinine level,
age, sex, race, body mass index (BMI), and alcohol consumption. The outcome
variable was serum α-Klotho level. Multiple linear regression analysis was used to
examine the association between serum cotinine and α-Klotho levels.
RESULTS The serum cotinine level was negatively associated with the α-Klotho level
(β= -0.107, 95% CI: -0.155 to -0.059, p<0.0001) after adjusting for age, BMI, sex,
race, and alcohol consumption. The α-Klotho level in participants with cotinine ≥3
ng/mL decreased by 44.514 pg/mL (p<0.0001) compared to that in participants
with cotinine <3 ng/mL. There is a non-linear relationship between serum cotinine
and α-Klotho levels. The piecewise linear models indicated a significant threshold
effect between serum cotinine and α-Klotho levels. On the left of the inflection
point (cotinine <130 ng/mL), the serum cotinine level increased with decreased
α-Klotho level (β= -0.519, 95% CI: -0.682 to -0.356). On the right of the inflection
point (cotinine ≥130 ng/mL), the serum cotinine level increased with increased
α-Klotho level (β=0.085, 95% CI: 0.000 to 0.170).
CONCLUSIONS Based on our study results, serum cotinine level was associated with
the serum α-Klotho level.
INTRODUCTION
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INTRODUCTION
More than 1.1 billion people are smokers, and 0.5 billion people have died from
smoking worldwide in 20121. Smoking is one of the most common risk factors
for many diseases, including cancer, chronic obstructive disease, and cardiocerebrovascular diseases, which are also considered ageing-related diseases2,3.
In addition, the lifespan of smokers is 10 years less than that of never smokers2.
α-Klotho is an anti-ageing molecule, which is expressed in various tissues,
including the kidney, lung, choroid plexus, and skeletal muscle4,5. The decrease in
Klotho levels contributes to the occurrence and development of many diseases6-8.
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Serum cotinine is a sensitive and specific marker of
smoking, which has proven useful in estimating the
risks associated with smoking status9.
The relationship between smoking and α-Klotho
levels has been reported in many studies, and
cigarette smoke induces airway inflammation
by downregulating Klotho levels in the airway
epithelium in chronic obstructive pulmonary
disease (COPD)10. Smoking cessation significantly
decreases serum α-Klotho levels and might be a
compensatory response to smoking stress. Previous
studies have shown that, in healthy men, the serum
α-Klotho level was significantly higher in smokers
than in never smokers11, and that α-Klotho level was
lower in smokers without infection during preterm
gestations12. However, these results are not consistent;
therefore, the purpose of this study was to explore
the association between serum cotinine and α-Klotho
levels in participants from the National Health and
Nutrition Examination Survey (NHANES) 2007–
2016. To the best of our knowledge, this is the first
study to examine the association between cotinine and
α-Klotho levels.

the level of α-Klotho in middle-aged and elderly
people is more susceptible. To reduce the bias in
exploring the independent associations between
serum cotinine and α-Klotho levels, we excluded
individuals who had coronary heart disease,
malignancy, stroke, liver condition, congestive heart
failure, heart attack or weak/failing kidneys, as these
disease may affect α-Klotho levels13-17. In total, 9833
participants with cotinine and α-Klotho data were
enrolled for the final analysis. A serum cotinine cutoff value of 3 ng/mL was used to define the smoking
status9. Active smokers were defined as participants
who smoked >100 cigarettes during their lifetime
and who currently smoked. We defined passive
smokers as participants who did not actively smoke
but were exposed to tobacco smoke either at home
or in the workplace during the 7 days. Non-smokers
were defined as participants who reported smoking
<100 cigarettes during their lifetime, did not smoke
currently, and were not exposed to environmental
tobacco smoke.

METHODS
Study design
This was a cross-sectional secondary dataset
analysis of data from the US NHANES, and it was
conducted by both the Center for Disease Control
and the National Center for Health Statistics
(NCHS). Interviews and physical examinations were
completed on a nationally representative sample
of non-institutionalized individuals in the United
States. A multistage stratified sampling design with
oversampling for certain subgroups was used in the
survey. Participants completed household surveys,
including questionnaires about demographic
characteristics and health history and provided blood
and urine samples during physical examinations. Data
were collected for a two-year survey cycle. All the
participants provided written informed consent, and
the study was approved by the NCHS Ethics Review
Board.

Variables
α-Klotho level was measured using a commercially
available enzyme-linked immunosorbent assay
(ELISA) kit produced by IBL International, Japan.
The reference range was 285.8–1638.6 pg/mL, with
a mean of 698.0 pg/mL18. Serum cotinine levels were
measured using an isotope-dilution high-performance
liquid chromatography/atmospheric pressure
chemical ionization tandem mass spectrometric
method. α-Klotho level was specified as the dependent
variable.
Regarding the covariates, continuous variables
included age and body mass index (BMI); categorical
variables included sex, race (Mexican American/Other
Hispanic /Non-Hispanic White/Non-Hispanic Black/
other race), and alcohol consumption (minimum of
12 alcoholic drinks/year). Obesity was defined by
BMI (≥30 kg/m2). Data regarding α-Klotho, serum
cotinine, age, BMI, sex, alcohol consumption, and race
are available in the NHANES dataset (https: //www.
cdc.gov/nchs/nhanes/index.htm).

Participants
Our sample included participants aged 40–79 years
from the NHANES 2007–2016, because data on
α-Klotho were collected only during this period and

Statistical analysis
All statistical analyses were performed using
the R-project (http://www.R-project.org) and
EmpowerStats (http://www.empowerstats.com).
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Continuous variables were compared by T-test. Full
sample 2-year MEC exam weight (WTMEC2YR) was
divided by the number of cycles to recalibrate; then,
all estimates were calculated using these recalibrated
weights following the analytical guideline edited
by the NCHS, and two multiple linear regression
models were constructed with adjustment for possible
baseline data imbalances: crude model – no covariates
were adjusted; and adjusted model – age, sex, BMI,
alcohol consumption, and race were adjusted. To
evaluate the consistency of subgroups, subgroup and
interaction analyses were performed to examine the
association between serum cotinine tertiles (cut-off
value was 3 ng/mL) and α-Klotho stratified by race
(Mexican American vs other Hispanic vs non-Hispanic
White vs non-Hispanic Black vs other race), sex (male
vs female), age (<60 years vs ≥60 years), obesity
(obese vs non-obese), and alcohol consumption (≥12
alcoholic drinks/year vs <12 alcoholic drinks/year).
We performed a test for linear trends by entering the

cut-off value for cotinine level (3 ng/mL). A smooth
curve fitting was conducted to examine whether an
independent variable was partitioned into intervals,
and segmented regression and log-likelihood
ratio tests were performed to determine whether a
threshold existed.

RESULTS
In 9833 participants who were enrolled (aged 40–
79 years; 53.0% males, 39.9% non-Hispanic White),
76.1% of participants had serum cotinine level <3
ng/mL. Compared to participants with cotinine
level <3 ng/mL, those with cotinine level ≥3 ng/mL
had significantly lower BMI, proportion of females,
proportions of non-smokers and passive smokers, age,
and α-Klotho levels, with significantly higher levels
of alcohol consumption, proportion of active smokers
and proportions of non-Hispanic White and Black
individuals (Table 1).
In the crude model, there was a significant negative

Table 1. Baseline characteristics of participants, NHANES 2007–2016, USA, (N=9833)
Characteristics

Cotinine levels (ng/mL)

pc

Total

<3 ng/mL

≥3 ng/mL

9833

n=7483 (76.1%)

n=2450 (23.9%)

29.50 ± 0.13

28.38 ± 0.19

BMI (kg/m2)

<0.0001

Sex (%)

a

Male

4619

Female

5214

43.61
56.39

Age (years)a

54.90 ± 9.96

57.44

<0.0001

42.56
52.27 ± 8.84

<0.0001

At least 12 alcoholic drinks/year (%)
Yes

6420

69.85

81.94

No

2653

23.59

10.86

Missing

760

6.56

7.20

Mexican American

1699

8.01

5.41

Other Hispanic

1154

5.27

3.79

Non-Hispanic White

3924

70.97

73.39

Non-Hispanic Black

2014

8.64

13.12

Other race

1042

<0.0001

Race (%)a

7.11

α-Klothob

863.99 ± 5.87

<0.0001

5.29
822.87 ± 8.163

Active smokers, n (%)

1863

64 (0.86)

1799 (76.55)

Passive smokers, n (%)

5164

4824 (64.47)

340 (14.47)

Non-smokers, n (%)

2806

2595 (34.68)

211 (8.98)

<0.0001
<0.0001

a Estimated using full sample 2-year MEC exam weight from NHANES. b Values reported as the mean ± SD for continuous variables. c p-value calculated by ANOVA for
continuous variables and chi-squared test for categorical variables. BMI: body mass index.
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and unadjusted association between serum cotinine
and α-Klotho levels (β= -0.099, 95% CI: -0.145 to
-0.052, p<0.0001). The trend remained significant
among the different cotinine level categories
(p<0.001). In the adjusted model, the serum cotinine
level was negatively associated with the α-Klotho level
(β= -0.107, 95% CI: -0.155 to -0.059, p<0.0001);
for every one-unit increase in the serum cotinine
level, the α-Klotho level decreased by 0.107 pg/
mL. Compared to the α-Klotho level in participants
with a cotinine level <3 ng/mL, that in participants
with cotinine level of ≥3 ng/mL decreased by 44.514
pg/mL (Table 2). The association between the
α-Klotho and serum cotinine levels was consistent

across subgroups stratified by race, sex, obesity, and
alcohol consumption. However, in the subgroup
analyses stratified by race, a negative association was
not present in the Mexican American group, active
smokers’ group and non-smokers’ group. The effect
modification was evident with regard to participants
aged <60 years who had a significant decrease in the
α-Klotho level and an increase in the serum cotinine
level compared with participants aged ≥60 years
(interaction p=0.14) (Table 3).
We found that the relationship between serum
cotinine and α-Klotho levels was non-linear after
adjusting for age, BMI, sex, race, and alcohol
consumption (Figure 1). We found that the inflection

Table 2. Association of serum cotinine and α-Klotho assessed by multiple linear regression models, NHANES
2007–2016, USA (N=9833)
Serum cotinine

Total (n=9833)

Crude model
β (95% CI)

Cotinine <3 ng/mL

7483

Reference

Cotinine ≥3 ng/mL

2450

-41.124 (-59.022 to -23.226)

<0.0001

-44.514 (-62.538 to -26.489)

<0.0001

-0.099 (-0.145 to -0.052)

<0.0001

-0.107 (-0.155 to -0.059)

<0.0001

Cotinine levels (ng/mL)
p for trend

p

Adjusted modela
β (95% CI)

p

Reference

<0.001

<0.001

a Adjusted for age, sex, BMI, race, and alcohol consumption. CI: confidence interval.

Table 3. Association between serum cotinine tertiles and α-Klotho by subgroup and interaction analyses,
NHANES 2007–2016, USA (N=9833)
Total (n=9833)

β (95%CI)

1699

1.061 (-34.996 to 37.118)

0.85

Other Hispanic

1154

-46.250 (-90.370 to -2.130)

0.04

Non-Hispanic White

3924

-36.340 (-57.198 to -15.482)

0.0006

Subgroups
Mexican American

p

Interaction p

Non-Hispanic Black

2014

-95.690 (-132.839 to -58.542)

<0.0001

Other race

1042

-86.751 (-136.070 to -37.432)

0.0006

0.0002
0.60

Male

4619

-29.532 (-46.856 to -12.208)

0.0008

Female

5214

-60.027 (-82.157 to -37.897)

<0.0001

<60 years

5814

-54.213 (-71.486 to -36.940)

<0.0001

≥60 years

3719

-7.051 (-31.640 to -17.537)

0.57

Obese

3905

-60.100 (-78.319 to -41.882)

<0.0001

Non-obese

5928

-26.812 (-48.808 to -4.816)

0.02

≥12 alcoholic drinks/year

6420

-42.321 (-58.518 to -26.124)

<0.0001

<12 alcoholic drinks/year

2653

-38.084 (-74.186 to -1.983)

0.04

Active smokers

1863

36.541 (-3.230 to 76.312)

0.07

Passive smokers

5164

-63.429 (-94.971 to -31.888)

<0.0001

Non-smokers

2806

-55.235 (-142.869 to 32.399)

0.22
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Figure 1. (a) The smooth curve of the relationship between serum Klotho and serum cotinine after adjusting
for age, sex, body mass index (BMI), race, and alcohol consumption. (b) The scatter curve of the relationship
between serum Klotho and serum cotinine after adjusting for the aforementioned variables. The blue lines are
95% CI and red line is a smooth curve fitting line

Table 4. Association between serum cotinine and α-Klotho levels by segmented regression and log-likelihood ratio
test, NHANES 2007–2016, USA (N=9833)
Serum cotinine

Total (n=9833)

Crude model

p

Cotinine <130 ng/mL

8180

-0.487 (-0.650 to -0.323)

Cotinine ≥130 ng/mL

1653

0.084 (0.002 to 0.169)

Adjusted modela

p

<0.0001

-0.519 (-0.682 to -0.356)

<0.0001

0.055

0.085 (0.000 to 0.170)

0.049

a Adjusted for age, sex, BMI, race, and alcohol consumption. BMI: body mass index.

for confounding variables, there was a threshold effect
and non-linear relationship between serum cotinine
and α-Klotho levels. The threshold of serum cotinine
was 130 ng/mL. These findings provide evidence for
the association between ageing and smoking.
Cotinine is a metabolite from nicotine in the
liver, and because of its long half-life, it is used
as a biomarker for tobacco smoke exposure9. The
relationship between smoking and α-Klotho levels has
been proven by several studies; however, these results
remain mixed. Among patients without infection, the
α-Klotho level was decreased in female smokers with
singleton gestations between 20 and 34 weeks 12.
Likewise, the Klotho level in the quadriceps was lower
in current smokers19. In contrast, a study that enrolled
80 participants (40 smokers vs 40 never smokers)
suggests that serum α-Klotho levels in never smokers
were low, whereas they increased significantly in
smokers11. In addition, cessation of cigarette smoking

point was 130 ng/mL, using a multiple two-piecewise
linear regression model. On the left of the inflection
point (cotinine <130 ng/mL): β= -0.519, 95% CI:
-0.682 to -0.356, and p<0.0001. The level of α-Klotho
was increased with the decrease of serum cotinine. On
the right of the inflection point (cotinine ≥130 ng/
mL): β=0.085, 95% CI: 0.000 to 0.170, and p=0.049.
The level of α-Klotho was increased with the increase
of serum cotinine (Table 4).

DISCUSSION
As previous reports regarding α-Klotho levels in
smokers have been inconsistent, we aimed to examine
the association between smoke exposure indicated by
serum cotinine and α-Klotho levels. In this analysis of a
large, diverse, and nationally representative sample, we
found that the serum cotinine level was associated with
the α-Klotho level. However, this association was not
significant in Mexican Americans, and after adjusting
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Strengths and limitations
There are several limitations to this study when
considering its implications and results. As a
cross-sectional study, its temporality and residual
confounding were some of the limitations. Another
limitation of the study is that the single measurement
of serum cotinine may not be able to fully capture the
chronic secondhand and thirdhand smoke exposure.
Despite these limitations, this study provides insight
into the association between serum cotinine and
α-Klotho levels in adults aged 40–79 years.
This study has many strengths, including large sample
size, use of a representative, multiracial population, and
better generalizability to the US population.

can decrease α-Klotho levels20. In our study, we found
that the α-Klotho level increased with an increase in
the cotinine level when the cotinine level was ≥130
ng/mL and decreased with the increase in the cotinine
level when cotinine was <130 ng/mL. There may be
a threshold effect due to a compensatory response
to smoke exposure between smoking and α-Klotho
levels. In our study, we observed no significant
association between smoking and α-Klotho levels in
Mexican Americans and the effect of serum cotinine
tertiles on α-Klotho levels was affected by race.
Previous studies demonstrated that serum cotinine
levels in Whites are lower than those of Blacks at
similar levels of tobacco exposure. Racial differences
are related to different tobacco brands, differences
in pharmacokinetics related to cytochrome P450
activity (CYP2A6), and smoking methods/habits21. In
our study, we only observed significant association
between smoking and α-Klotho levels in participants
aged <60 years; α-Klotho is an anti-ageing protein,
and the level of serum Klotho declines with ageing22.
These findings illustrate that racial differences play
an important role in smoking and ageing. Besides,
we only found that there was a significant association
between serum cotinine tertiles and α-Klotho levels in
passive smokers. There may be discrepancy between
self-reported smoking status and real smoking status.
Smoking is considered an important accelerator
of the ageing process, which involves complex
mechanisms and various pathogeneses 6. Several
studies have suggested that there is an association
between COPD and rapidly increasing ageing23.
Many studies have confirmed the association
between COPD and Klotho levels; increasing soluble
extracellular Klotho levels play a protective role in
pulmonary epithelial cell death induced by cigarette
smoke to reduce the risk of developing COPD 24.
Li et al.25 reported that inflammation induced by
cigarette smoke extract decreased Klotho levels
in alveolar macrophages, and that Klotho plays a
role in maintained inflammation of the lungs, and
that Klotho can inhibit cigarette smoke-induced
autophagy, as one of the pathogeneses of COPD26.
Klotho was downregulated by cigarette smoke in the
airway epithelium from a murine COPD model and
cultured human bronchial epithelial cells10,27. These
are potential mechanisms by which smoking has an
obvious effect on serum α-Klotho levels.

CONCLUSIONS
Our study suggests that there is a non-linear
relationship between serum cotinine and serum
α-Klotho levels. As the extent of smoke exposure
increased, the level of α-Klotho decreased first
and then increased. Further studies are required
to determine the underlying mechanisms of this
compensatory response between serum cotinine and
serum α-Klotho. These results suggested that smoking
may induce aging by regulating α-Klotho levels.
REFERENCES
1. Machii R, Saika K. Mortality attributable to tobacco by
region based on the WHO Global Report. Jpn J Clin
Oncol. 2012;42(5):464-465. doi:10.1093/jjco/hys063
2. Jha P, Ramasundarahettige C, Landsman V, et al. 21stcentury hazards of smoking and benefits of cessation in
the United States. N Engl J Med. 2013;368(4):341-350.
doi:10.1056/NEJMsa1211128
3. Bernhard D, Moser C, Backovic A, Wick G. Cigarette
smoke-an aging accelerator? Exp Gerontol.
2007;42(3):160-165. doi:10.1016/j.exger.2006.09.016
4. Semba RD, Cappola AR, Sun K, et al. Relationship of low
plasma klotho with poor grip strength in older communitydwelling adults: the InCHIANTI study. Eur J Appl Physiol.
2012;112(4):1215-1220. doi:10.1007/s00421-011-2072-3
5. Matsumura Y, Aizawa H, Shiraki-Iida T, Nagai R, Kuro-o
M, Nabeshima Y. Identification of the human klotho
gene and its two transcripts encoding membrane and
secreted klotho protein. Biochem Biophys Res Commun.
1998;242(3):626-630. doi:10.1006/bbrc.1997.8019
6. Neyra JA, Hu MC, Moe OW. Klotho in Clinical Nephrology:
Diagnostic and Therapeutic Implications. Clin J Am Soc
Nephrol. 2020;16(1):162-176 doi:10.2215/CJN.02840320
7. Russell DL, Oates JC, Markiewicz M. Association Between
the Anti-Aging Gene Klotho and Selected Rheumatologic

Tob. Induc. Dis. 2022;20(June):57
https://doi.org/10.18332/tid/144622

6

Tobacco Induced Diseases

Research Paper

8.

9.
10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

Autoimmune Diseases. Am J Med Sci. 2021;361(2):169175. doi:10.1016/j.amjms.2020.10.021
Tyurenkov IN, Perfilova VN, Nesterova AA, Glinka
Y. Klotho Protein and Cardio-Vascular System.
Biochemistry (Mosc). 2021;86(2):132-145.
doi:10.1134/S0006297921020024
Kim S. Overview of Cotinine Cutoff Values for Smoking
Status Classification. Int J Environ Res Public Health.
2016;13(12):1236. doi:10.3390/ijerph13121236
Gao W, Yuan C, Zhang J, et al. Klotho expression is
reduced in COPD airway epithelial cells: effects on
inflammation and oxidant injury. Clin Sci (Lond).
2015;129(12):1011-1023. doi:10.1042/CS20150273
Kamizono Y, Shiga Y, Suematsu Y, et al. Impact
of cigarette smoking cessation on plasma α-klotho
levels. Medicine (Baltimore). 2018;97(35):e11947.
doi:10.1097/MD.0000000000011947
Lam-Rachlin J, Romero R, Korzeniewski SJ, et al.
Infection and smoking are associated with decreased
plasma concentration of the anti-aging protein,
α-klotho. J Perinat Med. 2013;41(5):581-594.
doi:10.1515/jpm-2013-0084
Zou D, Wu W, He Y, Ma S, Gao J. The role of klotho in
chronic kidney disease. BMC Nephrol. 2018;19(1):285.
doi:10.1186/s12882-018-1094-z
Taneike M, Nishida M, Nakanishi K, et al. Alpha-Klotho
is a novel predictor of treatment responsiveness in
patients with heart failure. Sci Rep. 2021;11(1):2058.
doi:10.1038/s41598-021-81517-9
Kazemi Fard T, Ahmadi R, Akbari T, et al. Klotho,
FOXO1 and cytokines associations in patients with
coronary artery disease. Cytokine. 2021;141:155443.
doi:10.1016/j.cyto.2021.155443
Peshes-Yeloz N, Ungar L, Wohl A, et al. Role of Klotho
Protein in Tumor Genesis, Cancer Progression, and Prognosis
in Patients with High-Grade Glioma. World Neurosurg.
2019;130:e324-e332. doi:10.1016/j.wneu.2019.06.082
Martín-González C, González-Reimers E, Quintero-Platt
G, Martínez-Riera A, Santolaria-Fernández F. Soluble
α-Klotho in Liver Cirrhosis and Alcoholism. Alcohol
Alcohol. 2019;54(3):204-208. doi:10.1093/alcalc/agz019
Yamazaki Y, Imura A, Urakawa I, et al. Establishment of
sandwich ELISA for soluble alpha-Klotho measurement:
Age-dependent change of soluble alpha-Klotho levels
in healthy subjects. Biochem Biophys Res Commun.
2010;398(3):513-518. doi:10.1016/j.bbrc.2010.06.110
Patel MS, Donaldson AV, Lewis A, et al. Klotho and
smoking--An interplay influencing the skeletal muscle
function deficits that occur in COPD. Respir Med.
2016;113:50-56. doi:10.1016/j.rmed.2016.02.004
Nakanishi K, Nishida M, Harada M, et al. Klothorelated molecules upregulated by smoking habit in
apparently healthy men: a cross-sectional study. Sci Rep.
2015;5(1):14230. doi:10.1038/srep14230
Signorello LB, Cai Q, Tarone RE, McLaughlin JK,

22.
23.
24.

25.

26.

27.

Blot WJ. Racial differences in serum cotinine levels
of smokers. Dis Markers. 2009;27(5):187-192.
doi:10.3233/DMA-2009-0661
Kuro-O M. The klotho proteins in health and disease. Nat Rev
Nephrol. 2019;15(1):27-44. doi:10.1038/s41581-018-0078-3
Nicita-Mauro V, Lo Balbo C, Mento A, Nicita-Mauro C, Maltese
G, Basile G. Smoking, aging and the centenarians. Exp Gerontol.
2008;43(2):95-101. doi:10.1016/j.exger.2007.06.011
Kim EJ, Yoon SJ, Kim YE, Go DS, Jung Y. Effects of
aging and smoking duration on cigarette smoke-induced
COPD severity. J Korean Med Sci. 2019;34(Suppl 1):e90.
doi:10.3346/jkms.2019.34.e90
Li L, Wang Y, Gao W, et al. Klotho reduction in alveolar
macrophages contributes to cigarette smoke extractinduced inflammation in chronic obstructive pulmonary
disease. J Biol Chem. 2015;290(46):27890-27900.
doi:10.1074/jbc.M115.655431
Li L, Zhang M, Zhang L, Cheng Y, Tu X, Lu Z. Klotho
regulates cigarette smoke-induced autophagy: implication
in pathogenesis of COPD. Lung. 2017;195(3):295-301.
doi:10.1007/s00408-017-9997-1
Krick S, Grabner A, Baumlin N, et al. Fibroblast
growth factor 23 and klotho contribute to airway
inflammation. Eur Respir J. 2018;52(1):1800236.
doi:10.1183/13993003.00236-2018

CONFLICTS OF INTEREST
The authors have completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest and none was reported.
FUNDING
There was no source of funding for this research.
ETHICAL APPROVAL AND INFORMED CONSENT
This cross-sectional analysis was from National Health and Nutrition
Examination Survey (NHANES), conducted by both the Center for Disease
Control and the National Center for Health Statistics (NCHS). Interviews
and physical examinations were completed on a nationally representative
sample of non-institutionalized individuals in the United States. All
the participants provided informed written consent and the study was
approved by the NCHS Ethics Review Board (Continuation of Protocol
#2005-06; Protocol #2011-17; Continuation of Protocol #2011-17).
DATA AVAILABILITY
The data supporting this research are available from the authors on
reasonable request.
AUTHORS’ CONTRIBUTIONS
YY, YL, FWD, YZ and XBL were all involved in the conceptualization of
the work, study design, and the analysis and interpretation of the data.
YY led the process of drafting and revising the final manuscript for
submission. YY reviewed the titles and abstracts of articles identified in
the systematic search. YY, the primary author, contributed to the design
and conceptualization of the work, data analysis, interpretation of the
data, and drafting and revising the manuscript. YL, FWD and YZ also
contributed to design and conceptualization of the work, data analysis,
and interpretation. XBL, the corresponding author, contributed to
revising the manuscript.
PROVENANCE AND PEER REVIEW
Not commissioned; externally peer reviewed.

Tob. Induc. Dis. 2022;20(June):57
https://doi.org/10.18332/tid/144622

7

