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Table S1: The search strategy of the umbrella meta-analysis. 
 

Category Search Terms 

Smoking "smoking" OR "smoked" OR "smokeless" OR "water pipeline smoking" OR "tobacco" OR "chewing 
tobacco" OR "betel quid" OR "betel nut" OR "areca nut" OR “dissolvable tobacco” 

Alcohol "alcohol" OR "drinking" OR "light drinking" OR "moderate drinking" OR "heavy drinking" OR 
"occasional drinking" OR "long term drinking" 

Oral cancer "oral cancer" OR "oral carcinoma" OR "oral squamous cell carcinoma" OR "OSCC" OR "mouth cancer" 
OR "oral cavity cancer" OR "lip cancer" OR "tongue cancer" OR "buccal cancer" OR "floor of mouth 
cancer" OR "gingival cancer" OR "oropharyngeal cancer" OR "head and neck cancer" OR "head and neck 
squamous cell carcinoma" OR "HNSCC" 

Meta-analysis "meta-analysis" OR "Meta-analysis" OR "meta-analysis" OR "Meta analysis" OR "Meta-Analysis" OR 
"meta-analyses" OR "meta-analyze" OR "Systematic Review" OR "Systematic Reviews as Topic" OR 
"Meta-Analysis as Topic" 

Combination ("smoking" OR "smoked" OR "smokeless" OR "water pipeline smoking" OR "tobacco" OR "chewing 
tobacco" OR "betel quid" OR "betel nut" OR "areca nut") AND ("alcohol" OR "drinking" OR "light 
drinking" OR "moderate drinking" OR "heavy drinking" OR "occasional drinking" OR "long term 
drinking") AND ("meta-analysis" OR "Meta-analysis" OR "meta analysis" OR "Meta analysis" OR "Meta-
Analysis" OR "meta-analyses" OR "meta-analyze" OR "Systematic Review" OR "Systematic Reviews as 
Topic" OR "Meta-Analysis as Topic") AND ("oral cancer" OR "oral carcinoma" OR "oral squamous cell 
carcinoma" OR "OSCC" OR "mouth cancer" OR "oral cavity cancer" OR "lip cancer" OR "tongue cancer" 
OR "buccal cancer" OR "floor of mouth cancer" OR "gingival cancer" OR "oropharyngeal cancer" OR 
"head and neck cancer" OR "head and neck squamous cell carcinoma" OR "HNSCC") 

 
 
Table S2: Excluded meta-analyses. 
 

Study Reason for Exclusion 

Thomas (1993) [1] No overall quantification for oral cancer 

Kulothungan (2024) [2] No specific data for oral cancer 

Batistella (2022) [3] Only prevalence reported without OR or RR 

Khalifeh. (2024) [4] Reduction of oral cancer measured after smoking cessation 

Ghasemiesfe (2019) [5] The only study on marijuana (no comparability) 

Lee (2013) [6] Switch from cigarettes to snus 

Lubin (2009) [7] Outcome not measured in direct OR or RR 

Li (2011) [8] The only alcohol study measured the association in OR/lack of comparability 
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Table S3: Methodological quality of included systematic reviews and meta-analyses using AMSTAR 2.  
Author [ref] Q1 Q2 

(C) 
Q3 Q4 Q5 Q6 Q7 

(C) 
Q8 Q9 

(C) 
Q10 Q11 

(C) 
Q12 Q13 

(C) 
Q14 Q15 

(C) 
Q16 Level of 

quality 

Asthana 
(2019) [9] 

Y PY Y Y Y PY N Y PY N Y N PY Y PY Y Low 

Bagnardi 
(2015) [10] 

Y PY Y Y Y PY N Y PY N Y PY Y Y PY Y Low 

Choi (2018) 
[11] 

Y N Y Y Y PY N Y Y N Y N PY Y N Y Critically 
low 

Corrao (1999) 
[12] 

Y N Y Y Y PY PY Y Y N Y PY Y Y Y Y Moderate 

Dwivedi 
(2024) [13] 

Y Y Y Y Y Y N Y Y N Y PY PY Y Y Y Moderate 

Gandini 
(2008) [14] 

Y N Y Y N N N Y Y N Y PY Y Y Y Y Moderate 

Guha (2014) 
[15] 

Y N Y Y Y Y N Y PY N Y PY Y Y Y Y Low 

Gupta (2014) 
[16] 

Y N Y Y Y Y Y Y PY N Y N PY Y Y Y Moderate 

Jayasekara 
(2016) [17] 

Y N Y Y Y Y N Y PY N Y N PY Y Y Y Low 

Jun (2024) 
[18] 

Y N Y Y Y Y N Y Y N Y PY PY Y Y Y Moderate 

Khan (2014) 
[19] 

Y N Y Y Y Y N Y Y N Y PY PY Y N Y Low 

Khan (2019) 
[20] 

Y N Y Y Y Y N Y Y N Y PY PY Y N Y Low 

Mariano 
(2022) [21] 

Y Y Y Y Y Y PY Y Y N Y PY PY Y PY Y High 

Mello (2019) 
[22] 

Y Y Y Y Y Y N Y Y N Y Y Y Y Y Y High 

Mu (2021) 
[23] 

Y N Y Y Y Y N Y Y N Y PY PY Y Y Y Moderate 

Petti (2013) 
[24] 

Y N Y Y Y Y N Y PY N Y N Y Y Y Y Low 

Prasad (2019) 
[25] 

Y N Y Y N N N Y N N Y N N Y N Y Critically 
low 

Rahman 
(2003) [26] 

Y N Y Y N N N Y N N Y N PY Y Y Y Critically 
low 

Sadri (2007) 
[27] 

Y N Y Y Y Y N Y N N Y N N Y N N Critically 
low 

Sinha (2016) 
[28] 

Y Y Y Y Y Y Y Y Y N Y PY PY Y Y Y High 

Thomas 
(2007) [29] 

Y N Y PY N N N Y N N Y N N PY N Y Critically 
low 

Tramacere 
(2010) [30] 

Y N Y PY Y N N Y N N Y N PY Y N Y Low 
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Table S3: continue               

Turati (2010) 
[31] 

Y N Y Y N N N Y PY N Y PY PY Y N Y Low 

Turati (2013) 
[32] 

Y N Y Y Y Y N Y PY N Y PY PY Y Y Y Moderate 

Waziry 
(2017) [33] 

Y N Y Y Y Y N Y Y N Y PY PY Y N Y Low 

Weitkunat 
(2007) [34] 

Y N Y Y N N N Y PY N Y PY PY Y PY Y Low 

Xu (2024) [35] Y Y Y Y Y Y N Y Y N Y PY PY Y PY Y Moderate 

Zhang (2015) 
[36] 

Y N Y Y Y Y N Y N N Y N PY Y Y Y Low 

(C): critical domain; PY: partially yes; N: no; Y: yes. Q1: PICO components in research question; Q2: protocol registered prior to review; Q3: 
justification for study designs; Q4: comprehensive literature search; Q5: study selection in duplicate; Q6: data extraction in duplicate; Q7: list of 
excluded studies with justification; Q8: included studies described in adequate detail; Q9: satisfactory technique for risk of bias assessment; Q10: 
funding sources reported; Q11: appropriate statistical combination; Q12: impact of RoB on results assessed; Q13: RoB accounted for in 
interpretation; Q14: heterogeneity discussed; Q15: publication bias investigated; Q16: conflict of interest reported. 
 
 
 
Table S4: Corrected Covered Area (CCA) overlap analysis results by exposure category.  
Category k r Sci CCA (%) Interpretation 

Overall 26 208 531 6.21% Moderate 

Smoking (smoked + smokeless) 16 151 301 6.62% Moderate 

Smoked  10 71 95 3.76% Low 

Smokeless 10 124 249 11.20% High 

Alcohol 6 63 187 39.37% Very High 

Alcohol + Smoking 4 34 43 8.82% Moderate 

k = number of meta-analyses; r = number of unique primary studies; Sci = total citations including cross-MA duplicates. Formula: CCA = (Sci − r) 
/ [r × (k − 1)] × 100. CCA thresholds: slight <5%, moderate 5–10%, high 10–25%, very high ≥25%. 
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Table S5: Causal relationship assessment using Bradford-Hill's criteria for the association of smoking and alcohol 
with oral cancer. 
 
Bradford-Hill Criterion Assessment 

1. Strength of association OR for smoking: 3.80; smokeless: 5.28; alcohol: 2.47; combined exposure: 10.16. Strong 
associations, especially for smokeless tobacco, heavy drinking, and combined smoking/alcohol. 

2. Consistency 27 meta-analyses covering >500 studies from multiple regions confirm the association. Supported 
by IARC (Group 1 carcinogens for both tobacco and alcohol). 

3. Specificity Smoking and alcohol are risk factors for many cancers, but oral cancer shows strong and 
consistent associations, particularly for smokeless tobacco and heavy alcohol. Limitation: lack of 
absolute specificity due to multifactorial etiology. 

4. Temporality Cohort studies confirm exposure precedes cancer onset. Dose-response relationships (e.g., heavy 
drinking RR=5.4) further support temporality. 

5. Biological gradient (Dose-response) Smoking: risk increases with duration/intensity (e.g., OR=20.0 for >10x/day chewing). Alcohol: 
light (OR=1.37), moderate (OR=2.22), heavy (OR=4.94). Synergistic effect (OR=10.16) shows 
multiplicative risk. 

6. Plausibility Well-established mechanisms: Tobacco: DNA adducts, oxidative stress, immunosuppression. 
Alcohol: acetaldehyde, solvent effect for carcinogens, nutrient deficiencies. Combined: enhanced 
mutagenesis. 

7. Coherence Matches experimental data (e.g., mutagenicity of acetaldehyde), histopathology, and known 
biology of oral mucosa. 

8. Experiment Smoking and alcohol cessation reduce oral cancer risk. Animal models confirm carcinogenicity. 

9. Analogy Similar effects seen in cancers of the lung, esophagus, larynx, etc., due to similar exposures. 

Conclusion The evidence fulfills nearly all the criteria, especially strength, consistency, dose-response, 
plausibility, and temporality. The evidence supports a causal relationship between smoking, 
alcohol, and oral cancer, particularly for smokeless tobacco, heavy alcohol use, and their 
synergistic effects. 
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Figure S1: Forest plot of the association between smoking and oral cancer comparing global data with Southeast Asia. 

 
Figure S2:  Forest plot of the association between smoking and oral cancer comparing low and moderate quality studies. 
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Figure S3:  Forest plot for the association between smoking and oral cancer comparing small vs. large sample studies. 

 

 
Figure S4: Trim and fill analysis for the association between alcohol consumption and oral cancer in cohort studies. 
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Figure S5:  Forest plot of the association between alcohol consumption and oral cancer comparing low and moderate quality papers. 
 

 
Figure S6:  Forest plot of the association between alcohol consumption and oral cancer comparing small and large sample sized 

papers. 
 

 
Figure S7: Forest plot of the association between combined smoking and alcohol intake with oral cancer. 

 

http://doi.org/10.24017/science.2026.1.11


 
 

 Smoking and Alcohol Consumption are Associated with Higher Risk of Oral Cancer Incidence: A Systematic Umbrella Review  
 

  
KJAR. 2026, volume 11, issue 1   http://doi.org/10.24017/science.2026.1.11 
 

References 
[1]  S. Thomas, A. Wilson A, "A quantitative evaluation of the aetiological role of betel quid in oral carcinogenesis", European Journal 

of Cancer Part B: Oral Oncology, vol. 29, no. 4, pp. 265–71, 1993, doi: https://doi.org/10.1016/0964-1955(93)90046-H. 
[2]  V. Kulothungan, T. Ramamoorthy, G. Sarveswaran, S. Y. Jadhav, P. Mathur., "Association of tobacco use and cancer incidence 

in India: A systematic review and meta-analysis", JCO Global Oncology, vol. 10, pp. e2400152, 2024, doi: 
https://doi.org/10.1200/GO.24.00152. 

[3]  E.A. Batistella, R Gondak, E.R.C. Rivero, S. Warnakulasuriya, E. Guerra, A.L. Porporatti, et al, "Comparison of tobacco and 
alcohol consumption in young and older patients with oral squamous cell carcinoma: a systematic review and meta-analysis." 
Clinical Oral Investigation, vol. 26, no. 12, pp. 6855–69, 2022, doi: https://doi.org/10.1007/s00784-022-04719-z. 

[4]  M. Khalifeh, P. Ginex, P. Boffetta, "Reduction of head and neck cancer risk following smoking cessation: a systematic review 
and meta-analysis", BMJ Open, vol. 14, no. 8, pp. e074723, 2024, https://doi.org/10.1136/bmjopen-2023-074723. 

[5]  M. Ghasemiesfe M, B. Barrow, S. Leonard, S. Keyhani, D. Korenstein, "Association between marijuana use and risk of cancer: a 
systematic review and meta-analysis", JAMA Network Open, vol. 2, no. 11, pp. e1916318–e1916318, 2019, 
10.1001/jamanetworkopen.2019.16318. 

[6]  P. N. Lee "The effect on health of switching from cigarettes to snus–a review", Regulatory Toxicology and Pharmacology, vol. 66, 
no. 1, pp. 1–5, 2013, https://doi.org/10.1016/j.yrtph.2013.02.010. 

[7]  J. H. Lubin, M. Purdue, K. Kelsey, Z. F. Zhang, D. Winn, Q. Wei, et al, "Total exposure and exposure rate effects for alcohol and 
smoking and risk of head and neck cancer: a pooled analysis of case-control studies", American Journal of Epidemiology, vol. 170, 
no. 8, pp. 937–47, 2009, https://doi.org/10.1093/aje/kwp222. 

[8]  Y. Li Y, H. Yang, J Cao, "Association between alcohol consumption and cancers in the Chinese population—a systematic review 
and meta-analysis", PloS One, vol. 6, no. 4, pp. e18776, 2011, https://doi.org/10.18632/oncotarget.20918. 

[9]  S. Asthana, S. Labani, U. Kailash, D. N. Sinha, and R. Mehrotra, “Association of smokeless tobacco use and oral cancer: a 
systematic global review and meta-analysis,” Nicotine and Tobacco Research, vol. 21, no. 9, pp. 1162–1171, 2019, doi: 
10.1093/ntr/nty074. 

[10]  V. Bagnardi et al., “Alcohol consumption and site-specific cancer risk: a comprehensive dose–response meta-analysis,” British 
Journal of Cancer, vol. 112, no. 3, pp. 580–593, 2015, doi: 10.1038/bjc.2014.579. 

[11]  Y.-J. Choi, S.-K. Myung, and J.-H. Lee, “Light alcohol drinking and risk of cancer: a meta-analysis of cohort studies,” Cancer 
Research and Treatment, vol. 50, no. 2, pp. 474–487, 2018, doi: 10.4143/crt.2017.094. 

[12] G. Corrao, V. Bagnardi, A. Zambon, and S. Arico, “Exploring the dose‐response relationship between alcohol consumption and 
the risk of several alcohol‐related conditions: a meta‐analysis,” Addiction, vol. 94, no. 10, pp. 1551–1573, Oct. 1999, doi: 
10.1046/j.1360-0443.1999.9410155111.x. 

[13]  P. Dwivedi et al., “Association of non-tobacco products (NTP) with oral, esophageal, and pharyngeal cancer and oral potentially 
malignant disorders (OPMD) in adults: a systematic review and meta-analysis,” Asian Pacific Journal of Cancer Prevention, vol. 
25, no. 10, p. 3371, 2024, doi: 10.31557/APJCP.2024.25.10.3371. 

[14]  S. Gandini et al., “Tobacco smoking and cancer: A meta‐analysis,” International Journal of Cancer, vol. 122, no. 1, pp. 155–164, Jan. 
2008, doi: 10.1002/ijc.23033. 

[15]  N. Guha, S. Warnakulasuriya, J. Vlaanderen, and K. Straif, “Betel quid chewing and the risk of oral and oropharyngeal cancers: 
A meta‐analysis with implications for cancer control,” Cancer Epidemiology, Biomarkers & Prevention, vol. 23, no. 7, pp. 1183–
1191, 2014, doi: 10.1158/1055-9965.EPI-13-1107. 

[16]  B. Gupta and N. W. Johnson, “Systematic review and meta-analysis of association of smokeless tobacco and of betel quid 
without tobacco with incidence of oral cancer in South Asia and the Pacific,” PloS One, vol. 9, no. 11, p. e113385, 2014, doi: 
10.1371/journal.pone.0113385. 

[17]  H. Jayasekara, R. J. MacInnis, R. Room, and D. R. English, “Long-term alcohol consumption and breast, upper aero-digestive 
tract and colorectal cancer risk: a systematic review and meta-analysis,” Alcohol and Alcoholism, vol. 51, no. 3, pp. 315–330, 2016, 
doi: 10.1093/alcalc/agv110. 

[18]  S. Jun, et al. "The combined effects of alcohol consumption and smoking on cancer risk by exposure level: a systematic review 
and meta-analysis." Journal of Korean Medical Science, vol. 10, no. 39(22), pp. e185, 2024, doi: 10.3346/jkms.2024.39.e185. 

[19]  Z. Khan, J. Tönnies, and S. Müller, “Smokeless tobacco and oral cancer in South Asia: a systematic review with meta-analysis,” 
Journal of Cancer Epidemiology, vol. 2014, pp. 1–11, 2014, doi: 10.1155/2014/394696. 

[20]  Z. Khan, R. A. Suliankatchi, T. L. Heise, and S. Dreger, “Naswar (smokeless tobacco) use and the risk of oral cancer in Pakistan: 
a systematic review with meta-analysis,” Nicotine and Tobacco Research, vol. 21, no. 1, pp. 32–40, 2019, doi: 10.1093/ntr/ntx281. 

[21]  L. C. Mariano, S. Warnakulasuriya, K. Straif, and L. Monteiro, “Secondhand smoke exposure and oral cancer risk: a systematic 
review and meta-analysis,” Tobacco Control, vol. 31, no. 5, pp. 597–607, 2022, doi: 10.1136/tobaccocontrol-2020-056393. 

[22]  F. W. Mello, G. Melo, J. J. Pasetto, C. A. B. Silva, S. Warnakulasuriya, and E. R. C. Rivero, “The synergistic effect of tobacco and 
alcohol consumption on oral squamous cell carcinoma: a systematic review and meta-analysis,” Clinical Oral Investigation, vol. 
23, no. 7, pp. 2849–2859, Jul. 2019, doi: 10.1007/s00784-019-02958-1. 

[23]  G. Mu et al., “Association between smokeless tobacco use and oral cavity cancer risk in women compared with men: a systematic 
review and meta-analysis,” BMC Cancer, vol. 21, no. 1, p. 960, Dec. 2021, doi: 10.1186/s12885-021-08691-x. 

[24]  S. Petti, M. Masood, and C. Scully, “The magnitude of tobacco smoking-betel quid chewing-alcohol drinking interaction effect 
on oral cancer in South-East Asia. A meta-analysis of observational studies,” PloS One, vol. 8, no. 11, p. e78999, 2013, doi: 
10.1371/journal.pone.0078999. 

[25]  J. B. Prasad and M. Dhar, “Risk of major cancers associated with various forms of tobacco use in India: a systematic review and 
meta-analysis,” Journal of Public Health, vol. 27, no. 6, pp. 803–813, 2019, doi: 10.1007/s10389-018-0992-7. 

[26]  M. Rahman, J. Sakamoto, and T. Fukui, “Bidi smoking and oral cancer: A meta‐analysis,” International Journal of Cancer, vol. 106, 
no. 4, pp. 600–604, 2003, doi: 10.1002/ijc.11265. 

[27]  G. H. Sadri, “Tobacco smoking and oral cancer: a meta-analysis,” Journal of Research in Health Sciences, 2007, Accessed: Mar. 07, 
2026. [Online]. Available: https://pubmed.ncbi.nlm.nih.gov/23343867/. 

[28]  D. N. Sinha, R. S. Abdulkader, and P. C. Gupta, “Smokeless tobacco‐associated cancers: A systematic review and meta‐analysis 
of Indian studies,” International Journal of Cancer, vol. 138, no. 6, pp. 1368–1379, 2016, doi: 10.1002/ijc.29884. 

[29]  S. J. Thomas, C. J. Bain, D. Battistutta, A. R. Ness, D. Paissat, and R. Maclennan, “Betel quid not containing tobacco and oral 
cancer: a report on a case–control study in Papua New Guinea and a meta‐analysis of current evidence,” International Journal of 
Cancer, vol. 120, no. 6, pp. 1318–1323, Mar. 2007, doi: 10.1002/ijc.22304. 

[30]  I. Tramacere et al, “A meta-analysis of alcohol drinking and oral and pharyngeal cancers. Part 1: overall results and dose-risk 
relation” Oral Oncology, vol. 46, no. 7, pp. 497–503, 2010, doi: 10.1016/j.oraloncology.2010.03.024. 

[31]  F. Turati et al., “A meta-analysis of alcohol drinking and oral and pharyngeal cancers. Part 2: results by subsites,” Oral Oncology, 
vol. 46, no. 10, pp. 720–726, 2010, doi: 10.1016/j.oraloncology.2010.07.010. 

http://doi.org/10.24017/science.2026.1.11


 
 

 Smoking and Alcohol Consumption are Associated with Higher Risk of Oral Cancer Incidence: A Systematic Umbrella Review  
 

  
KJAR. 2026, volume 11, issue 1   http://doi.org/10.24017/science.2026.1.11 
 

[32]  F. Turati et al., “A meta-analysis of alcohol drinking and oral and pharyngeal cancers: results from subgroup analyses,” Alcohol 
and Alcoholism, vol. 48, no. 1, pp. 107–118, 2013, doi: 10.1093/alcalc/ags100. 

[33]  R. Waziry, et al. "The effects of waterpipe tobacco smoking on health outcomes: an updated systematic review and meta-
analysis." International Journal of Epidemiology, 46.1, 32-43, 2017, doi: 10.1093/ije/dyw021. 

[34]  R. Weitkunat, E. Sanders, and P. N. Lee, “Meta-analysis of the relation between European and American smokeless tobacco 
and oral cancer,” BMC Public Health, vol. 7, no. 1, p. 334, 2007, doi: 10.1186/1471-2458-7-334. 

[35]  F. Xu, N. Mu, Y. Song, and M. Ma, “Passive smoking and risk of head and neck cancer: a systematic review and meta-analysis,” 
European Journal of Cancer Prevention, vol. 34, no. 5, pp. 415–425, 2025, doi: 10.1097/CEJ.0000000000000930. 

[36]  Y. Zhang, R. Wang, L. Miao, L. Zhu, H. Jiang, and H. Yuan, “Different levels in alcohol and tobacco consumption in head and 
neck cancer patients from 1957 to 2013,” PLoS One, vol. 10, no. 4, p. e0124045, 2015, doi: 10.1371/journal.pone.0124045. 

 

http://doi.org/10.24017/science.2026.1.11

