
Association of Serum Cotinine with Hyperuricemia 
in American Adolescents: A Cross-Sectional Study

Abstract
Background: Cotinine is a known harmful toxicant, while 
its relationship with hyperuricemia in adolescents remains 
unclear. This study aimed to analyze the relationship between 
serum cotinine concentration and hyperuricemia among US 
adolescents aged 12-19 years. 
Methods: This cross-sectional study used data from the 
National Health and Nutrition Examination Survey (NHANES) 
from 2007 to 2018. Eligible participants were adolescents 
(12-19 years) with complete data for serum cotinine and 
uric acid. Out of 61,125 total participants during the study 
period, 6,831 participants were included in the analysis. The 
independent variable was serum cotinine, and the outcome 
was hyperuricemia. Multiple logistic regression analyses were 
performed to assess the relationship between serum cotinine 
and hyperuricemia, and sensitivity analyses were performed 
from multiple perspectives. 
Results: The study population comprised 6,831 individuals. The 
mean age of the participants was 15.5±2.3 years, 52.3% were 
men, and 28.6% were non-Hispanic white. Participants with 
hyperuricemia were more likely to be older (15.9±2.3 years vs. 
15.1±2.2 years), male (56.9% vs. 43.1%), and non-Hispanic white 
(32.8%). The adjusted odds ratio of hyperuricemia associated 
with a unit increase in serum cotinine was 1.07 (95% CI: 1.01-
1.13). This association remained consistent across subgroups 
and sensitivity analyses.
Conclusion: This study suggested an association between 
serum cotinine concentration and hyperuricemia in American 
adolescents. This modifiable risk factor warrants further 
investigation as a potential target for mitigating hyperuricemia 
in this population.
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What’s Known

•	 A study observed a significantly 
increased risk of hyperuricemia in 
Japanese men with a history of smoking. 
However, a Korean study concluded that 
smoking status was associated with serum 
hyperuricemia only in women.

What’s New

•	 In this study, serum cotinine 
concentration was found to be associated 
with hyperuricemia among American 
adolescents. This association remained 
robust even after adjusting for potential 
confounders and was consistent across 
sensitivity analyses using alternative 
definitions of both exposure and outcome.
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Introduction

Hyperuricemia, primarily caused by disturbances in purine 
metabolism, is a component of the cluster of metabolic and 
hemodynamic abnormalities known as metabolic syndrome.1 It 
is significantly associated with cardiovascular disease,2 renal 
disease,3 obesity,4 non-alcoholic fatty liver disease (NAFLD),5 
and type 2 diabetes.6 

According to National Health and Nutrition Examination Survey 
(NHANES) data, the prevalence of hyperuricemia in the United 
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States has increased steadily and now affects 
a younger population. This rising prevalence 
among adolescents has become a significant 
public health concern. For example, a survey of 
Chinese children and adolescents showed that the 
prevalence of hyperuricemia increased from 16.7% 
during 2009-2015 to 24.8% during 2016-2019.7-9

Elevated serum uric acid (SUA) typically 
arises through two main pathways. The first is via 
increased production, where exogenous, genetic, 
or environmental factors interfere with normal 
purine metabolism, leading to SUA accumulation. 
The second is via decreased excretion, often due 
to diminished renal function, which impairs the 
body’s ability to eliminate SUA.10

Although previous studies demonstrated 
the effects of high-purine diets,11 alcohol 
consumption,12 and sugar-sweetened beverages 
on SUA,13 the effects of tobacco exposure on 
SUA remain unclear, with conflicting results in 
the literature. A study observed a significantly 
increased risk of hyperuricemia in Japanese 
men who were former smokers.14 However, a 
Korean study concluded that smoking status 
was associated with serum hyperuricemia only 
in women,15 while an analysis of data from the 
Frachial Heart Study cohort reported a reduced 
risk of hyperuricemia among smokers (regardless 
of sex).16 To date, no studies have investigated 
the relationship between tobacco exposure and 
hyperuricemia in adolescent populations.

Given the known underestimation of 
smoking in self-reported data, serum cotinine 
concentrations could provide a more accurate 
biomarker of tobacco exposure. Therefore, 
the present study investigated the association 
between serum cotinine levels (a biomarker 
of tobacco exposure) and hyperuricemia in 
adolescents aged 12-19 years using data from 
the NHANES from 2007 to 2018.

Materials and Methods

Study Population
The NHANES is a nationally representative, 

cross-sectional survey conducted biennially 
among the non-institutionalized civilian 
population of the United States. Participants 
undergo in-depth interviews, physical 
examinations, and laboratory tests.17 As the 
largest source of objective health information 
in the U.S., NHANES data are crucial for 
understanding the health and nutritional status 
of American youth.

For this study, participants enrolled in 
NHANES from 2007 to 2018 were screened. 
The Initial pool consisted of 61,125 participants, 
which included 7,937 adolescents aged 12-19 
years. Participants with missing data for 
blood cotinine (n=1064) and SUA (n=42) were 
excluded. Ultimately, 6,831 eligible participants 
were included in the analysis (figure 1). 

Figure 1: The figure shows the participant selection flowchart for the analysis of serum cotinine and hyperuricemia in US 
adolescents (NHANES, 2007-2018).
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The NHANES protocol has received approval 
from the National Center for Health Statistics 
(NCHS) Research Ethics Review Board since 
1999. For this specific study, the Institutional 
Review Board at the Albert Einstein College of 
Medicine formally categorized the secondary 
analyses of de-identified data as exempt from 
review.17 The use of existing, de-identified public 
data does not require additional written informed 
consent from participants. 

Primary Exposure
Cotinine, a primary metabolite of nicotine, 

is a key biomarker of tobacco smoke exposure 
due to its extended half-life (15-20 hours) and 
stability. Serum cotinine levels were determined 
using isotope dilution high-performance liquid 
chromatography coupled with atmospheric 
pressure chemical ionization tandem mass 
spectrometry. The lower limit of detection 
(LLOD) for this method is 0.015 μg/L. The 
reportable range varies by sample volume: an 
upper reportable limit of 25 μg/L (for a 0.2 mL 
sample) and 400 μg/L (for a 0.05 mL sample). 
All analyses demonstrated high accuracy and 
precision and were performed at the Division 
of Laboratory Sciences, National Center for 
Environmental Health, Centers for Disease 
Control and Prevention (Atlanta, Georgia).18

Serum Uric Acid Measurement
Hyperuricemia was determined from SUA 

levels obtained from laboratory data. Venous 
blood samples were collected from participants. 
Serum was separated and stored at -20°C until 
analysis. Trained technicians at Collaborative 
Laboratory Services (Ottumwa, Iowa, USA) 
measured SUA levels using a timed-endpoint 
method based on a Beckman Coulter UniCel® DxC 
800 analyzer. Based on previous pediatric studies, 
hyperuricemia was defined as SUA≥5.5 mg/dL.19-21

Other Covariates
Participants’ characteristics included age, 

sex (male or female), race/ethnicity (Mexican 
American, Other Hispanic, Non-Hispanic White, 
Non-Hispanic Black, Other), and educational 
attainment (less than high school, high school 
or equivalent, or more than high school). Body 
mass index (BMI) was calculated according to the 
Centers for Disease Control and Prevention (CDC) 
guidelines as weight in Kg divided by the square 
of height in meters (Kg/m²). Participants were 
categorized as having normal weight, overweight 
(>85th percentile), or obesity (>95th percentile) 
based on age- and sex-specific BMI z-scores.22

Blood pressure was measured at mobile 
screening centers. Socioeconomic status was 

assessed using the Household Poverty Index 
(HPI), which divided the monthly household 
income by the Department of Health (DOH) 
and Human Services Poverty Reduction Points 
(HSPRPs), specific to family size, year, and status. 
Categories were defined as ≤130%, >130% to 
≤185%, and >185% of the poverty threshold.

Health insurance status was dichotomized 
as yes or no. “Yes” included private insurance, 
direct purchase plans, and government 
programs (e.g., Medicare, Medicaid). Trained 
interviewers assessed this variable using a 
computer-assisted personal interview (CAPI) 
system. For participants reporting coverage, 
interviewers requested to provide their insurance 
card. Proxy respondents provided information 
for participants under 16 years of age or those 
unable to answer for themselves. 

The blood urea nitrogen (BUN) and serum 
creatinine levels were measured using a Roche 
Cobas 6000 analyzer (c501 module) at the 
University of Minnesota Advanced Research 
and Diagnostics Laboratory (ARDL). 

Statistical Analysis
In the present study, continuous variables 

with a normal distribution were presented as 
the mean±SD, and continuous variables with a 
skewed distribution were presented as median 
(interquartile range, IQR). Group differences 
for continuous variables were analyzed using 
Student’s t test or one-way ANOVA, with post 
hoc multiple comparisons performed using the 
SNK or LSD methods. Categorical variables 
were presented as frequencies (percentages) 
and were compared using the Chi square test or 
Fisher’s Exact Test, as appropriate. All reported 
P values were two-sided, and a value of <0.05 
was considered statistically significant. 

All statistical analyses were performed using R 
software (version 4.3.1, The R Foundation, Vienna, 
Austria) and Free Statistics software version 7.1 
(https://app.clinicalscientists.cn,China). 

The association between serum cotinine 
and hyperuricemia was assessed using multiple 
logistic regression. In the primary analysis, serum 
cotinine was modeled as a continuous variable. 
Additionally, sensitivity analysis was performed 
to assess the robustness of the primary 
findings. First, serum cotinine was modeled 
as a categorical variable. Participants were 
categorized based on established cut-points:23 
Non-smoking: <0.015 μg/L (below the limit of 
detection) or <0.05 μg/L, passive smoking: 0.05-
10 μg/L, active smoking: >10 μg/L. A P value for 
trend across these categories was calculated to 
compare the results with the continuous model. 

Second, we conducted stratified analyses 
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to evaluate potential effect modification. The 
dose-response relationship between serum 
cotinine and hyperuricemia was assessed within 
strata defined by age (<15 vs. ≥15 years), sex, 
BMI (normal weight, overweight, obesity), and 
poverty-to-income ratio (≤1.3, >1.3-1.85, >1.85), 
based on established categories.22

Results

Participant Characteristics
The demographic characteristics of the study 

participants stratified by serum cotinine levels 
are presented in table 1. Among the 6,831 study 
participants, the median age was 15.5 years, 
and the median SUA was 5.0 mmol/L. Overall, 
52.3% of the participants were men, 34.4% had 
hyperuricemia, and 46.7% had a serum cotinine 
level higher than 0.05 ng/mL. 

Participants with higher serum cotinine levels 
were more likely to be men, to identify as non-
Hispanic white and non-Hispanic black, and to have 
a lower BMI. They also tended to have a moderate 
level of education, a lower household income, 
higher systolic and diastolic blood pressure (SBP 
and DBP), lower BNU, and higher SUA levels. 

Associations Between Serum Cotinine and 
Hyperuricemia

The results of the binary logistic regression 
analysis are presented in table 2. Serum cotinine 
level was positively associated with the risk of 
hyperuricemia. In the crude model, each 10-fold 
increase in serum cotinine (log<sub>10</sub>-
transformed) was associated with a 23% higher 
odds of hyperuricemia (odds ratio [OR]: 1.23; 
95% confidence interval [CI]: 1.18-1.28). This 
association remained statistically significant 
after sequential adjustment for covariates. The 
association was attenuated but persisted in the 
partially adjusted model (OR: 1.09; 95% CI: 
1.04-1.14). In the fully adjusted model, the odds 
ratio was 1.07 (95% CI: 1.01-1.13). The P value 
for trend remained significant across models.

Subgroup Analysis
Results of the subgroup analyses are 

summarized in figure 2. When stratified by 
age (dichotomized at 15 years), the association 
between serum cotinine levels and hyperuricemia 
was stronger in adolescents aged 12-15 years 
(OR: 1.24, 95% CI: 1.19-1.3) than in those aged 
15-19 years(OR: 1.12, 95% CI: 1.02-1.23). 

Table 1: The baseline characteristics of the study population
Variable Total 

(n=6,831)
Cotinine<0.05 
μg/L (n=3,643)

Cotinine≥0.05 μg/L 
(n=3,188)

P value

Age (mean±SD) 15.5±2.3 15.1±2.2 15.9±2.3 <0.001*
Sex, n (%) Male 3575 (52.3) 1761 (48.3) 1814 (56.9) <0.001**

Female 3256 (47.7) 1882 (51.7) 1374 (43.1)
Race, n (%)  Mexican American 1672 (24.5) 1166 (32) 506 (15.9) <0.001**

Other Hispanic 813 (11.9) 499 (13.7) 314 (9.8)
Non-Hispanic White 1957 (28.6) 912 (25) 1045 (32.8)
Non-Hispanic Black 1615 (23.6) 572 (15.7) 1043 (32.7)
Other Race 774 (11.3) 494 (13.6) 280 (8.8)

BMI (Kg/m2), n (%) Normal 3992 (59.2) 2210 (61.3) 1782 (56.8) <0.001**
Overweight 1233 (18.3) 653 (18.1) 580 (18.5)
Obese 1517 (22.5) 743 (20.6) 774 (24.7)

Education, n (%) <High school 2917 (42.7) 1765 (48.4) 1152 (36.2) <0.001**
High school 2875 (42.1) 1435 (39.4) 1440 (45.2)
>High school 1036 (15.2) 443 (12.2) 593 (18.6)

SBP (mean±SD) 109.2±10.3 108.3±10.0 110.3±10.5 <0.001*
DBP (mean±SD) 58.7±12.7 58.4±12.4 59.1±13.0 0.027*
Poverty-income 
ratio (%)

≤1.30 2733 (43.7) 1125 (34.1) 1608 (54.5) <0.001**
1.30-1.85 864 (13.8) 447 (13.5) 417 (14.1)
>1.85 2656 (42.5) 1730 (52.4) 926 (31.4)

Insurance, n (%) Yes 5719 (84.2) 3123 (86.1) 2596 (82) <0.001*
No 1077 (15.8) 506 (13.9) 571 (18)

BUN (mean±SD) 10.5±3.3 10.7±3.3 10.4±3.3 <0.001*
Creatinine (mean±SD) 0.7±0.2 0.7±0.2 0.8±0.2 <0.001*
UA (mean±SD) 5.0±1.2 4.9±1.2 5.2±1.3 <0.001*
Hypertension, n (%) No 4481 (65.6) 2542 (69.8) 1939 (60.8) <0.001**

Yes 2350 (34.4) 1101 (30.2) 1249 (39.2)
eGFR  (mean±SD) 146.7 (31.1) 150.1 (33.5) 143.3 (28.1) <0.001*
Contine10, median (IQR) 0.4 (0.1, 4.7) 0.2 (0.1, 0.2) 5.9 (1.3, 52.1) <0.001*
BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastole blood pressure; BUN: Blood urea nitrogen; Cr: Creatinine; 
SUA: Serum uric acid; eGFR: Estimated glomerular filtration rate; *t test and, **Chi square test
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Stratification by sex showed a significant 
association in both males (OR: 1.16, 95% CI: 1.1-
1.22) and females (OR: 1.12, 95% CI: 1.02-1.22). 

When stratified by BMI, a significant association 

was observed in the normal weight group (OR: 
1.24, 95% CI: 1.18-1.31), the overweight group 
(OR: 1.29, 95% CI: 1.17-1.43), and the group with 
obesity (OR:1.19, 95% CI:1.08-1.30).

Table 2: Association of blood cotinine with hyperuricemia in U.S. adolescents in the 2007-2018 NHANES survey (n=6831)
Exposure Crude model Hyperuricemia

Model 1 Model 2 Model 3
Cotinine (μg/L)a

OR (95% CI) 1.23 (1.18-1.28) 1.09 (1.04-1.14) 1.08 (1.02-1.13) 1.07 (1.01-1.13)
P value <0.001 0.001 0.007 0.017
Sensitivity analyses
Lower cutoff of cotinine 
(<0.015 μg/L)
OR (95% CI) 1.45 (1.29-1.63) 1.29 (1.13-1.47) 1.28 (1.11-1.47) 1.28 (1.1-1.48)
P value <0.001 <0.001 0.001 0.001
Higher cutoff of cotinine  
(≥0.05 μg/L)
OR (95% CI) 1.49 (1.35-1.64) 1.3 (1.15-1.46) 1.27 (1.12-1.45) 1.26(1.1-1.44)
P value <0.001 <0.001 <0.001 0.001
Cotinine <0.05 μg/L
OR (95% CI) 1(Ref) 1(Ref) 1(Ref) 1(Ref)
P value
10μg/L>Cotinine≥0.05 μg/L
OR (95% CI) 1.34 (1.21-1.5) 1.32 (1.17-1.5) 1.31 (1.14-1.50) 1.29 (1.12-1.48)
P value <0.001 <0.001 <0.001 <0.001
Cotinine≥10 μg/L
OR (95% CI) 2.1 (1.78-2.47) 1.21 (0.99-1.46) 1.14 (0.93-1.40) 1.14 (0.92-1.42)
P value <0.001 0.058 0.219 0.232
P value for trend <0.001 0.001 0.008 0.013
aThe Log10-transformation values were used in the analysis; Model1 adjust age, sex, race; Model 2 adjust model 1+education,  Poverty-
income ratio, Insurance; Model 3 adjust all; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastole blood pressure;  
BUN: Blood urea nitrogen; Cr: Creatinine; SUA: Serum uric acid; OR: odd ratio

Figure 2: Forest plot shows the relationship between serum cotinine and hyperuricemia across subgroups. 
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Finally, stratification by the poverty-to-
income ratio (using thresholds of 1.3 and 1.85) 
revealed significant associations across all 
income groups, with odds ratios of 1.19 (95% 
CI: 1.12-1.26), 1.21 (95% CI: 1.07-1.37), and 1.32 
(95% CI: 1.23-1.42), respectively.

Sensitivity Analysis
The results of the sensitivity analyses are 

presented in table 2. Using a lower serum 
cotinine threshold for detection (0.015 μg/L) 
yielded results similar to the primary analysis 
(OR: 1.45; 95% CI: 1.29-1.63). 

Similarly, when participants were 
dichotomized by tobacco exposure (≥0.05 
μg/L vs. <0.05 μg/L), serum cotinine remained 
significantly associated with hyperuricemia. 
This association persisted across sequential 
adjustments: OR: 1.49 (95% CI: 1.35-1.64) in the 
crude model; OR: 1.30 (95% CI: 1.15-1.46) after 
adjusting for age, sex, and race/ethnicity; OR: 
1.27 (95% CI: 1.12-1.45) with further adjustment 
for education, insurance, and household income, 
OR: 1.27 (1.12-1.45), and OR: 1.26 (95% CI: 
1.10-1.44) in the fully adjusted model. 

When serum cotinine was categorized into 
three groups based on established smoking 
status cut-points (non-smoking: <0.05 μg/L; 
passive smoking: 0.05-10 μg/L; active smoking: 
>10 μg/L), the risk of hyperuricemia was 
significantly elevated for both exposed groups 
compared to non-smokers. The odds were 34% 
higher in the passive smoking group (OR: 1.34; 
95% CI: 1.21-1.50) and 110% higher in the active 
smoking group (OR: 2.10; 95% CI: 1.78-2.47). 
After full adjustment for confounders, these effect 
sizes were attenuated—a finding consistent with 
the primary analysis. However, the direction and 
significance of the associations persisted.

Discussion

In this cross-sectional study of 6,831 American 
adolescents, we identified a statistically 
significant association between serum cotinine 
levels and hyperuricemia. This association 
persisted even after adjusting for demographic 
characteristics, income, insurance status, 
systolic blood pressure, diastolic blood pressure, 
BNU, and eGFR with an adjusted odds ratio of 
1.07 (95% CI: 1.01-1.13).

The finding was robust across multiple 
analytical approaches. This association 
remained significant regardless of whether 
serum cotinine was mediated as a continuous 
or categorical variable. Furthermore, the 
association was consistent across subgroups 
stratified by age, sex, BMI, and poverty-to-income 

ratio. Additionally, sensitivity analyses using 
alternative definitions for tobacco exposure also 
demonstrated the stability of this relationship.

Previous studies showed an association 
between serum cotinine concentration and 
blood uric acid.24, 25 As a biomarker of active 
and passive tobacco smoke exposure, serum 
cotinine concentration was linked to impaired 
renal function. For instance, a study in 2022 
confirmed a positive association between the 
rate of urinary albumin excretion—an indicator 
of glomerular pathology—and the number 
of cigarettes smoked per day (quantified via 
cotinine excretion) in a population with initially 
normal renal function.24, 25 Other studies 
reported higher urinary microalbumin levels in 
active smokers than in passive smokers and 
non-smoking controls.24, 25 Urinary albumin is a 
reliable indicator of glomerular pathology, and 
the fact that smoking is associated with albumin 
suggests that smoking directly or indirectly 
induces kidney damage.26

While most evidence indicated that tobacco 
use increased the risk of hyperuricemia,14 some 
studies proposed a protective association, 
possibly due to substances in tobacco that 
influence the uric acid metabolic pathway.16

Nonetheless, the literature analyzing the 
relationship between serum cotinine and 
hyperuricemia in adolescents remains still 
limited, and the present study suggested that 
blood cotinine concentration was an independent 
risk factor for hyperuricemia in this population. 
This finding was supported by available data 
indicating a physiologically plausible association 
between tobacco exposure (active smoking/
passive smoking) and hyperuricemia. 

The primary mechanism for hyperuricemia is 
reduced renal excretion.27 The kidneys excreted 
75% of daily uric acid production. Therefore, 
renal health is essential for maintaining uric 
acid homeostasis.28 One key renal factor 
contributing to hyperuricemia is a reduced 
GFR.29 In a large cohort study in 2016, smoking 
was found to be negatively associated with 
GFR.30 Proposed mechanisms include chronic 
endothelial damage from smoking, which 
decreases renal plasma flow and increases 
endothelin-1 concentrations, promoting vascular 
dysfunction.31 Histopathological studies in 
animals exposed to cigarette smoke showed 
degenerative changes in the proximal renal 
tubules, hyperplasia, and glomerulosclerosis, 
alongside significantly elevated SUA levels 
compared to unexposed rats.32 Furthermore, 
exposure to toxic metals in cigarette smoke, 
such as cadmium and lead, might directly 
impair kidney function and elevate uric acid 
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concentrations.33 Finally, physiologic responses 
to the oxidative stress of smoking might also 
explain the negative effects of smoking on SUA 
levels. Oxidative stress caused by reactive 
oxygen species from smoking constituents 
could stimulate uric acid production, which 
might increase as a compensatory antioxidant 
response.34

In our subgroup analysis, the association 
between serum cotinine and hyperuricemia 
was slightly stronger in males (OR: 1.16) than 
in females (OR: 1.12). This difference might be 
attributable to the historically higher prevalence 
of smoking among males than females.35-37

The higher the household income, the higher 
the risk of hyperuricemia, and the analysis of 
tobacco use among US adults in 2021 was for 
low-income (24.7%), middle-income (18.9%), 
and upper-income (14.8%) individuals.38 The 
results were consistent in reports of adult tobacco 
use from 2007 to 2018, all of which showed low 
rates of tobacco use among those with higher 
incomes.36 However, the results of the present 
study showed that the higher the household 
income, the higher the risk of hyperuricemia, 
probably because adult tobacco use was not 
representative of the youth population aged 12 
to 19 years. Furthermore, the pathogenesis of 
hyperuricemia in higher-income adolescents 
might involve factors beyond tobacco exposure. 
Diets more common in higher-income families—
often richer in alcohol, seafood, meat, and 
fructose—could significantly increase uric 
acid production,39, 40 potentially amplifying the 
risk associated with tobacco exposure in this 
subgroup.

While the present study had notable strengths, 
including a large, nationally representative 
sample, a well-phenotyped population, and the 
use of objective biomarkers of tobacco exposure, 
it also had several limitations. As a secondary 
analysis of existing data, we could not collect 
new variables, leaving a potential for residual 
risk of confounding by unmeasured factors. 

While dietary data were available in 
NHANES, it was not included in this analysis due 
to concerns regarding recall bias. Consequently, 
we were unable to adjust for dietary patterns, 
which are a known potential confounder. 

Furthermore, our data provided limited 
information on certain aspects of tobacco 
exposure among adolescents. This included 
the history of recent smoking cessation, the 
duration and timing of passive smoke exposure, 
and the specific modalities of tobacco intake 
(e.g., traditional cigarettes vs. electronic nicotine 
delivery systems). Despite these limitations, the 
use of serum cotinine as a biomarker represents 

a significant methodological strength, providing a 
more accurate assessment of tobacco exposure 
than self-reported measures alone.

Conclusion

In this cross-sectional study, serum cotinine 
concentrations were associated with 
hyperuricemia among American adolescents. 
This association remained robust after 
adjustment for multiple potential confounders 
and was consistent across sensitivity analyses 
using alternative definitions of exposure and 
outcome. These findings suggested that 
tobacco exposure, a modifiable risk factor, might 
adversely affect multiple physiological systems, 
including the renal and metabolic pathways 
implicated in uric acid homeostasis. The findings 
underscored the potential public health benefits 
of preventing tobacco exposure and promoting 
smoking cessation to protect adolescent health.
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