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Comparison of urine heavy metals in exclusive menthol and 
non-menthol cigarette users by race/ethnicity: The 2015–2016 
National Health and Nutrition Examination Survey Special 
Sample

Wenxue Lin1

ABSTRACT
INTRODUCTION The objective of this study was to investigate the differences in urine 
concentrations of heavy metals (uranium, cadmium, and lead) between exclusive 
menthol and non-menthol cigarette smokers across three racial/ethnic groups using 
data from the National Health and Nutrition Examination Survey (NHANES) 2015–
2016 Special Sample.
METHODS Data from NHANES 2015–2016 Special Sample were analyzed  to assess 
the association between menthol smoking and heavy metal biomarkers in urine 
across three racial/ethnic groups (N=351), including Non-Hispanic White (NHW), 
Non-Hispanic Black (NHB), and Hispanic/Other (HISPO). Multivariable linear 
regression models were used to estimate adjusted geometric means (GMs) and ratio 
of GMs (menthol/non-menthol smokers) (RGMs) for urine biomarkers of heavy 
metals between menthol and non-menthol smokers by race/ethnicity.
RESULTS Among the 351 eligible participants, 34.4% (n=121) were NHW, 33.6% 
(n=118) were NHB, and 32.0% (n=112) were HISPO exclusive cigarette smokers. 
The analysis revealed significantly higher concentrations of urine uranium in 
NHB menthol smokers compared to NHB non-menthol smokers (RGMs=1.3; 95% 
CI: 1.0–1.6; p=0.04). NHW menthol smokers appeared to have higher levels of 
urine uranium than non-menthol smokers, but the difference was not statistically 
significant (9.0 vs 6.3; RGMs=1.4; 95% CI: 1.0–2.2; p=0.08). There were no 
significant differences in urine metals (cadmium and lead) by menthol status among 
NHW, NHB, or HISPO cigarette smokers (p>0.05).
CONCLUSIONS The research findings regarding the higher levels of urine uranium 
among Non-Hispanic Black (NHB) menthol cigarette smokers raise questions about 
the claims suggesting that additives in cigarettes do not contribute to increased 
toxicity.
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INTRODUCTION
The aggressive marketing of menthol cigarettes by tobacco companies has had 
a disproportionate impact on African Americans1, contributing to 1.5 million 
new smokers and >150000 smoking-related deaths among Blacks from 1980 to 
2018 2. Additionally, racial/ethnic differences in nicotine metabolism have been 
well-established, with non-Hispanic Black (NHB) smokers exhibiting higher 
serum cotinine levels despite smoking fewer cigarettes per day compared to non-
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Hispanic White (NHW) smokers3-6. However, few 
studies have investigated the impact of menthol on 
urinary biomarkers of tobacco exposure on exclusive 
cigarette smokers among NHW, NHB, and Hispanic/
Other (HISPO). 

While a recent study using data from the 
National Health and Nutrition Examination Survey 
(NHANES) Special Sample found that menthol 
and non-menthol cigarettes deliver similar levels of 
harmful and potentially harmful constituents7, the 
impact of menthol on urinary biomarkers of heavy 
metal across different racial/ethnic groups has 
not been fully explored. Therefore, the purpose of 
current study is to expand upon previous research7 
by examining differences in urinary heavy metal 
concentrations between menthol and non-menthol 
exclusive cigarette smokers across three racial/
ethnic groups using data from the NHANES 
2015–2016 Special Sample. By investigating these 
differences, the aim is to provide insight into the 
potential health risks associated with menthol 
cigarette smoking among different racial/ethnic 
groups and to contribute to ongoing efforts to 
address tobacco-related health disparities.

METHODS
The National Health and Nutrition Examination 
Survey (NHANES) was used for the current cross-
sectional study. The NHANES 2015–2016 Special 
Sample collected urine samples from participants aged 
≥18 years, including non-smokers and oversampled 
adult smokers who used at least 100 cigarettes in 
their lifetime and smoked daily. The study focused 
on exclusive cigarette smokers, and those who used 
other tobacco or nicotine products within the last five 
days were excluded. After excluding non-smokers 
and observations with missing data, there were 351 
exclusive cigarette smokers, with 34.4% (121/351) 
NHW, 33.6% (118/351) NHB, and 32.0% (112/351) 
HISPO exclusive cigarette smokers. Out of the 351 
exclusive cigarette smokers included in the study, 
162 (46%) were identified as menthol cigarette users, 
while the remaining 189 (54%) were categorized 
as non-menthol cigarette users. Sociodemographic 
variables were collected through NHANES surveys, 
including age at screening, gender (male, female), 
race/ethnicity (Non-Hispanic White, Non-Hispanic 
Black, Hispanic/Other), education level (less than 

high school, high school or higher), body mass 
index (BMI, kg/m2), and ratio of family income to 
poverty. Information on smoking status, cigarettes 
smoked per day, cigarette stick length, and cigarette 
menthol indicator was obtained from cigarette use 
and recent tobacco use surveys. Urinary biomarkers, 
such as heavy metal (uranium, cadmium, and lead) 
concentrations were corrected for dilution by 
creatinine and are reported as ng per g of creatinine8.

Multivariable linear regression models were 
used to analyze the association between menthol 
and urine concentrations of heavy metals by race/
ethnicity. The results are expressed as adjusted 
geometric means (GMs) and ratio of GMs (RGMs) 
between smokers of menthol and non-menthol 
cigarette, by race/ethnicity. Given the non-normal 
distribution of urine biomarkers, natural log-
transformation was used to satisfy the normality 
assumptions8. The geometric mean (GM) was 
employed instead of the arithmetic mean to analyze 
the transformed biomarker values, ensuring more 
accurate and meaningful comparisons within the 
study. The ratios of the geometric means and their 
95% CIs were obtained by exponentiation from 
the linear regression models on log-transformed 
biomarker levels9. For urine biomarkers, in addition 
to log transformation, creatinine adjustment was 
used to minimize the effects of variation of analyte 
concentration in urine 8. SAS SURVEY procedures 
were used for all statistical analyses 10. 

RESULTS
Table 1 displays the adjusted geometric means of 
urinary heavy metal concentrations between menthol 
and non-menthol cigarette smokers, by race/ethnicity. 
Out of the total 351 participants in the study who 
exclusively smoked cigarettes, 34.4% (121/351) were 
Non-Hispanic White (NHW), 33.6% (118/351) were 
Non-Hispanic Black (NHB), and 32.0% (112/351) 
were Hispanic/Other (HISPO) exclusive cigarette 
smokers. Among NHB, the ratios of the adjusted 
geometric means comparing menthol with non-
menthol cigarette smokers were 1.3 (95% CI: 1.0–1.6; 
p=0.04) for uranium, 1.2 (95% CI: 0.9–1.5; p>0.1) 
for cadmium, and 1.0 (95% CI: 0.8–1.4; p>0.5) for 
lead (Table 1). NHW appeared to have a higher 
level of urine uranium among menthol smokers than 
non-menthol smokers, but the difference was not 
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statistically significant (9.0 vs 6.3; RGMs=1.4; 95% 
CI: 1.0–2.2; p=0.08). There was no other significant 
difference in urine metals (cadmium and lead) 
by menthol status among NHW, NHB or HISPO 
cigarette smokers (p>0.05) (Table 1).  Further details 
regarding the calculations and analysis are given in 
the Supplementary file.

DISCUSSION
NHB menthol cigarette users had significantly 
higher urine uranium concentrations than NHB 
non-menthol cigarette users. These findings are 
concerning given the known carcinogenic properties 
of uranium and the negative health impacts of 
menthol-flavored cigarettes on Black smokers. 
Uranium and thorium are radioactive carcinogens 
found in smoke from burning cigarettes11. Deposits 
of radioactive uranium may contribute to localized 
radiation exposures in lungs. Moreover, when 
combined with other non-radioactive carcinogens 
from smoke, uranium can have a synergistic effect 
that increases the risk of developing cancer11. 
Mint species are recognized for their capability to 
accumulate metals from the soil, including uranium12. 
African Americans make up <13% of the overall 
United States population, but the use of menthol 

cigarettes has been linked to increased likelihood 
of initiation, lower quitting rates, delayed cessation, 
disparities in smoking-related health outcomes, 
and death in Black smokers2. The increased urine 
uranium concentrations observed from menthol NHB 
cigarette smokers may help to explain the negative 
health impacts of menthol-flavored cigarettes on 
Black smokers.  

Reducing nicotine content in cigarettes has 
been proposed as a potential strategy to reduce 
smoking-related health risks. A clinical trial 
study found benefits of reduced nicotine content 
cigarettes13. However, menthol-flavored cigarettes 
may negatively impact the treatment effects of 
reduced nicotine content cigarettes14,15.  For 
instance, Denlinger-Apte et al.14 found that menthol 
significantly diminished the treatment effect of Very 
Low Nicotine Content (VLNC) cigarettes compared 
to non-menthol VLNC. Similar results were found in 
another trial where menthol VLNC smokers with low 
socioeconomic status experienced smaller degree 
of reduction in cotinine compared to non-menthol 
VLNC smokers15. These findings suggest that 
strategies to reduce nicotine content in cigarettes 
should take into account the potential negative 
impact of menthol.

Table 1. Adjusted geometric means of heavy metal concentrationsa between menthol and non-menthol cigarette 
smokers by race/ethnicity, a cross-sectional study of the National Health and Nutrition Examination Survey 
Special Sample, United States, 2015–2016

Biomarker* Menthol
GM (95% CI)

Non-menthol
GM (95% CI)

RGMs
(95% CI)

p

Non-Hispanic White (N=121)

Uranium 9.0 (4.9–16.8) 6.3 (4.3–9.0) 1.4 (1.0–2.2) 0.08

Cadmium 283.7 (217.7–369.7) 377.3 (339.9–418.8) 0.8 (0.6–1.0) 0.06

Lead 377.8 (284.2–502.2) 452.6 (376.1–544.8) 0.8 (0.7–1.1) 0.12

Non-Hispanic Black (N=118)

Uranium 6.3 (5.0–7.9) 5.0 (4.2–6.0) 1.3 (1.0–1.6) 0.04

Cadmium 354.6 (306.6–410.1) 304.2 (242.5–381.6) 1.2 (0.9–1.5) 0.20

Lead 349.7 (312.3–391.6) 339.6 (265.0–435.2) 1.0 (0.8–1.4) 0.84

Hispanic/Other (N=112)

Uranium 6.5 (4.6–9.1) 7.0 (5.0–9.7) 0.9 (0.6–1.4) 0.70

Cadmium 330.6 (243.6–448.6) 261.9 (223.2–307.2) 1.3 (1.0–1.6) 0.07

Lead 423.1 (307.8–581.8) 432.3 (348.3–536.6) 1.0 (0.7–1.4) 0.90

*Adjusted for gender, education level, cigarette stick length, age, BMI, ratio of family income poverty, and cigarettes per day. GM: geometric mean. RGMs: ratio of geometric 
means (menthol/non-menthol). a Heavy metal (uranium, cadmium, and lead) concentrations were corrected for dilution by urinary creatinine and are reported as ng per g of 
creatinine.
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Limitations
The generalizability of the study findings is limited 
by the inclusion of cigarette smokers only. Further, 

the study used United States NHANES 2015–2016 
Special Sample and thus current findings are 
not generalizable to smokers who reside in other 
less developed countries, since the health impact 
of smoking can vary depending on the tobacco 
control policies and the level of industrialization 
in a country16. In addition, knowledge and beliefs 
regarding harm from different tobacco products17,18  

might be another important factor to guide the Food 
and Drug Administration (FDA) nicotine reduction 
policy, given the close relationship between risk 
perceptions and smoking behavior19. Furthermore, it 
is important to note that the study does not consider 
other environmental factors and individual-specific 
factors that could potentially influence the levels 
of uranium in urine. An additional limitation of the 
study is the relatively small sample size, as only data 
from the NHANES 2015–2016 special sample were 
analyzed.

CONCLUSIONS
The research findings of this study, regarding the 
higher levels of urine uranium among Non-Hispanic 
Black menthol cigarette smokers, raise questions 
about the claims suggesting that additives in cigarettes 
do not contribute to increased toxicity.

REFERENCES	
1.	 Le TTT, Mendez D. An estimation of the harm of 

menthol cigarettes in the United States from 1980 to 
2018. Tob Control. 2022;31:564-568. doi:10.1136/
tobaccocontrol-2020-056256

2.	 Mendez D, Le TTT. Consequences of a match made 
in hell: the harm caused by menthol smoking to 
the African American population over 1980–2018. 
Tob Control .  2022;31:569-571. doi :10.1136/
tobaccocontrol-2021-056748

3.	 Ahijevych KL, Tyndale RF, Dhatt RK, Weed HG, 
Browning KK. Factors influencing cotinine half-life 
during smoking abstinence in African American and 
Caucasian women. Nicotine Tob Res. 2002;4(4):423-431. 
doi:10.1080/1462220021000018452

4.	 Clark PI, Gautam S, Gerson LW. Effect of menthol 
c igarettes  on biochemical  markers  of  smoke 
exposure among black and white smokers. Chest. 
1996;110(5):1194-1198. doi:10.1378/chest.110.5.1194

5.	 Ahijevych K, Parsley LA. Smoke constituent exposure 

and stage of change in black and white women 
cigarette smokers. Addict Behav. 1999;24(1):115-120. 
doi:10.1016/s0306-4603(98)00031-8

6.	 Perez-Stable EJ, Herrera B, Jacob III P, Benowitz NL. 
Nicotine metabolism and intake in black and white 
smokers. JAMA. 1998;280(2):152-156. doi:10.1001/
jama.280.2.152

7.	 Lin W, Zhu J, Hayes JE, Richie JP, Muscat JE. Comparison 
of Carcinogen Biomarkers in Smokers of Menthol and 
Nonmenthol Cigarettes: The 2015–2016 National Health 
and Nutrition Examination Survey Special Sample. 
Cancer Epidemiol Biomarkers Prev. 2022;31(8):1539-
1545. doi:10.1158/1055-9965.EPI-22-0239

8.	 Wasserman EJ, Reilly SM, Goel R, Foulds J, Richie Jr 
JP, Muscat JE. Comparison of Biomarkers of Tobacco 
Exposure between Premium and Discount Brand Cigarette 
Smokers in the NHANES 2011-2012 Special Sample. 
Cancer Epidemiol Biomarkers Prev. 2018;27(5):601-609. 
doi:10.1158/1055-9965.EPI-17-0869

9.	 Jones MR, Apelberg BJ, Tellez-Plaza M, Samet JM, 
Navas-Acien A. Menthol Cigarettes, Race/Ethnicity, 
and Biomarkers of Tobacco Use in US Adults: The 
1999–2010 National Health and Nutrition Examination 
Survey (NHANES) Menthol Cigarettes and Biomarkers 
of Tobacco Use. Cancer Epidemiol Biomarkers Prev. 
2013;22(2):224-232. doi:10.1158/1055-9965.EPI-12-
0912

10.	 NHANES, 2015–2016. Centers for Disease Control and 
Prevention. Accessed January 18, 2022. https://wwwn.
cdc.gov/nchs/nhanes/

11.	 Abd El-Aziz N, Khater AEM, Al-Sewaidan HA. Natural 
radioactivity contents in tobacco. Int Congr Ser. 
2005;1276:407-408. doi:10.1016/j.ics.2004.11.166

12.	 Misdaq MA, Ait Nouh F, Bourzik W. The influence of 
the soil and plant natures and pollution on the radon 
and thoron alpha-activities inside various herbal 
infusions by using solid state nuclear track detectors. 
J Radioanal Nucl Chem. 2001;247(2):357-361. 
doi:10.1023/A:1006713903963

13.	 Hatsukami DK, Luo X, Jensen JA, et al. Effect of 
Immediate vs Gradual Reduction in Nicotine Content 
of Cigarettes on Biomarkers of Smoke Exposure. JAMA. 
2018;320(9):880-891. doi:10.1001/jama.2018.11473

14.	 Denlinger-Apte RL, Kotlyar M, Koopmeiners JS, et 
al. Effects of Very Low Nicotine Content Cigarettes 
on Smoking Behavior and Biomarkers of Exposure in 
Menthol and Non-menthol Smokers. Nicotine Tob Res. 
2019;21(1):S63-S72. doi:10.1093/ntr/ntz160

15.	 Lin W, Hobkirk AL, Zhu J, et al. Effect of menthol on 
nicotine reduction: Pooled results from two double-blind 
randomized controlled trials. Brain Res Bull. 2022;131-
138. doi:10.1016/j.brainresbull.2022.08.019

16.	 Goyal N, Hennessy M, Lehman E, et al. Risk factors 
for head and neck cancer in more and less developed 
countries: Analysis from the INHANCE consortium. Oral 



Short Report Tobacco Prevention & Cessation

5Tob. Prev. Cessation 2023;9(June):22
https://doi.org/10.18332/tpc/167389

Dis. 2023;29(4). doi:10.1111/odi.14196
17.	 Lin W, Muscat JE. Knowledge and beliefs regarding 

harm from specific tobacco pstickucts: findings 
from the HINT Survey. Am J Health Promot. 2021. 
doi:10.1177/08901171211026116

18.	 Lin W, Martinez SA, Ding K, Beebe LA. Knowledge and 
perceptions of tobacco-related harm associated with 
intention to quit among cigarette smokers, e-cigarette 
users, and dual users: findings from the US Population 
Assessment of Tobacco and Health (PATH) Wave 1. Subst 
Use Misuse. 2021;56(4):464-470. doi:10.1080/1082608
4.2021.1879145

19.	 Denlinger-Apte RL, Cassidy RN, Colby SM, Sokolovsky 
AW, Tidey JW. Effects of Cigarette Nicotine Content 
and Menthol Preference on Perceived Health Risks, 
Subjective Ratings, and Carbon Monoxide Exposure 
Among Adolescent Smokers. Nicotine Tob Res. 
2019;21(1):S56-S62. doi:10.1093/ntr/ntz127

CONFLICTS OF INTEREST
The author has completed and submitted the ICMJE Form for Disclosure of 
Potential Conflicts of Interest and none was reported.

FUNDING
Publication of this article was funded in part by the Temple University 
Libraries Open Access Publishing Fund.

DATA AVAILABILITY
The NHANES data are publicly available at https://www.cdc.gov/nchs/
nhanes/index.htm

ETHICAL APPROVAL AND INFORMED CONSENT
Ethical approval and informed consent were not required for this study.

PROVENANCE AND PEER REVIEW
Not commissioned; externally peer reviewed.


