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Abstract

The study purpose was to examine the prevalence of current e-cigarette use and current smoking among hospitalized

patients with COVID-19 in China, considering the high population smoking prevalence in the country (26.6%, 50.5% in

males and 2.1% in females). 

A systematic research of the literature (PubMed) was performed on April 1. Out of 432 studies, we identified 13 studies

examining the clinical characteristics of a total of 5960 hospitalized COVID-19 patients that presented data on the

smoking status. No study reported e-cigarette use among COVID-19 patients. The prevalence of current smoking

ranged from 1.4% to 12.6%. The random effect pooled prevalence of current smoking was 6.5% (95%CI: 4.9-8.2%).

This preliminary analysis does not support the argument that current smoking is a risk factor for hospitalization for

COVID-19. Instead, these consistent observations, which are further emphasized by the low prevalence of current

smoking among COVID-19 patients in the US (1.3%), raises the hypothesis that nicotine may have beneficial effects on

COVID-19. This could be attributed to its immunomodulatory effects and its interaction with the renin-angiotensin

system. However, other confounding factors need to be considered and the accuracy of the recorded smoking status

needs to be determined. However, the results were remarkably consistent across all studies and were recently verified

in the first case series of COVID-19 cases in the US. 

In conclusion, the generalized advice to quit smoking as a measure to improve health risk remains valid, but no

recommendation can currently be made concerning the effects of smoking on the risk of hospitalization for COVID-19.

No studies recording e-cigarette use status among hospitalized COVID-19 patients were identified. Thus, no

recommendation can be made for e-cigarette users. The above-mentioned observations, together with the potential

mechanisms through which nicotine interacts with the inflammatory process and the renin-angiotensin-aldosterone

axis involved in the development of COVID-19, warrant an urgent investigation of the clinical effects of pharmaceutical

nicotine on COVID-19 susceptibility, progression and severity.
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Introduction

There is a lot of speculation about the effects of smoking on Corona Virus Disease 2019 (COVID-19). Smoking increases
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susceptibility to respiratory infections and media reports suggest that it may increase the risk of being infected with acute

respiratory syndrome coronavirus 2 (SARS-CoV-2), the virus responsible for COVID-19.

SARS-CoV-2 is known to use the angiotensin converting enzyme 2 (ACE2) as a receptor for cell entry. There is a complex

and unclear interplay between COVID-19 and the renin-angiotensin-aldosterone system.[1] Until recently, smoking and

nicotine were found to down-regulate ACE2 expression in the lung and other tissues.[2][3] More recent analyses suggest

that up-regulation of ACE-2 caused by smoking could be detrimental for COVID-19.[4][5] However experimental data

suggest that infection with SARS-CoV and SARS-CoV-2 leads to down-regulation of ACE2, and this downregulation is

detrimental due to uncontrolled ACE and angiotensin II activity.[6][7] It has been observed that decreased ACE2 availability

contributes to lung injury and ARDS development.[8][9] Therefore, higher ACE2 expression, while seemingly paradoxical,

may protect against acute lung injury caused by COVID-19.[10]

China has a high prevalence of smoking (26.6%), much higher among males (50.5%) than females (2.1%).[11] It was

recently suggested that there is no strong evidence on a link between smoking and COVID-19 due to the low smoking

prevalence among COVID-19 patients in 2 studies compared to the population smoking prevalence in China.[12] The

purpose of this study was to examine the prevalence of current smoking among Chinese hospitalized cases with COVID-

19 relative to the population prevalence of current smoking in China.

Methods

A systematic review of the literature was performed by searching for publications on PubMed using the terms "[SARS-

CoV-2 OR COVID-19 OR 2019-nCoV] AND [Clinical OR Mortality OR Outcome]” in the title or the abstract on April 1. Out

of a total of 432 studies, 13 studies which included data about the smoking status of hospitalized COVID-19 patients were

identified.[13][14][15][16][17][18][19][20][21][22][23][24][25] No study reported e-cigarette use among COVID-19 patients. The

pooled rate of current smoking was calculated by random effect meta-analysis using JASP Version 0.11.1 (JASP Team

2019, University of Amsterdam, Netherlands).

Results

The studies examined are presented in Table 1. One study presented the combined current and former smoking

prevalence, and all were considered current smokers in this analysis.[13] Two other studies reported the smoking status as

"history of smoking" or "smoking".[22][24] While it was unclear if these definitions included both current and former

smokers, we analyzed the data assuming they were all current smokers.
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Figure

 

A total of 5960 patients with data on smoking status were presented, with 55.1% being males. Current smoking was

reported by a total of 450 patients, with the prevalence ranging from 1.4% (95%CI: 0.0-3.4%) to 12.6% (95%CI: 10.6-

14.6%) across all studies. The pooled prevalence of current smoking was 6.5% (95%CI: 4.9-8.2%). The random effect

meta-analysis is presented in Figure 1.
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Figure

 

Discussion

The current study examined for the first time the prevalence of current smoking among hospitalized patients with COVID-

19 in China. An unusually low prevalence of current smoking among hospitalized COVID-19 cases in China was observed
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when considering the population smoking prevalence. The pooled prevalence observed in the 13 studies analyzed was

approximately 1/4th the population prevalence. Consistently low prevalence of current smoking was observed in all

studies.

This preliminary analysis, assuming that the reported data are accurate, does not support the argument that current

smoking is a risk factor for hospitalization for COVID-19. However, other confounding factors, such as socioeconomic

status, should be considered in examining if access of Chinese smokers with COVID-19 to hospital care may be different

compared to the non-smoking population. At this time, it is impossible to perform a multivariate analysis or examine the

prevalence of COVID-19 infection and hospitalization according to the smoking status of the whole population. The

accuracy of the recorded smoking status also needs to be determined. It is possible that some patients may have quit

smoking shortly after disease initiation and before admission to hospital, and thus would be registered as former smokers.

Only 3 of the studies reported the proportion of former smokers among patients, which was particularly low (1.9%, 3.0%

and 5.0%).[14][17][20] Another limitation is that differences in smoking prevalence exist between age groups, particularly

considering that hospitalization for COVID-19 may be more likely for older people. A study by Liu et al. reported that the

highest smoking prevalence in China was observed in males aged 40-59 years.[26] The median age in all the studies

analyzed herein was < 59 years, with the exception of one subgroup of patients in a study comparing elderly with young

cases.[15] Additionally, high smoking prevalence was observed among older Chinese males by Liu et al. Specifically, the

prevalence of current smoking in males was: 46.5% in 18-29 years, 57.6% in 30-39 years, 60.3% in 40-49 years, 59.5%

in 50-59 years, 52.2% in 60-69 years and 41.5% in 70+ years. In females, the highest smoking rates were observed in

those aged 50 years or higher (4.7-8.7%) compared to younger age groups (1.7-2.6%).[26] Thus, it is unlikely that age was

a factor that substantially affected the present analysis. Finally, the present analysis examined only hospitalized cases.

Thus, no conclusion can be drawn on the susceptibility of smokers to less severe COVID-19 that would not require

hospitalization.

The study also has implications when examining the effect of smoking status on disease progression, complications and

death among hospitalized COVID-19 patients. One study reported that current smoking is associated with higher odds of

severe COVID-19.[27] However, it is well-established that smokers are more likely than non-smokers to suffer from

comorbidities, such as cardiovascular disease, which are risk factors for adverse COVID-19 outcomes. It remains unclear

whether smoking per se or other factors related to comorbidities may be responsible for an adverse outcome.

Considering the above-mentioned uncertainties, the generalized advice to quit smoking as a measure to improve health

risk remains valid, but no recommendation can be currently made concerning the effects of smoking on the risk of

hospitalization for COVID-19. In fact, the consistently low prevalence of current smoking among Chinese patients with

COVID-19 was further supported by the recent data recently released from the US CDC.[28] From a total of 7162 patients

in the US, only 1.3% were current smokers. low smoking prevalence was also observed among hospitalized non-ICU

(2.1%) and ICU cases (1.1%), while the population smoking prevalence in the US is 13.8%. These observations raise a

possible hypothesis that nicotine might reduce the risk for severe COVID-19. Hospitalization for COVID-19 will inevitably

result in abrupt withdrawal of nicotine and its beneficial effect linked to this hypothesis in smokers or users of other

nicotine products. This could, at least partly, explain the association between smoking and COVID-19 severity among
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hospitalized patients.[27] Nicotine has been found to prevent acute lung injury in an animal ARDS model and has

immunomodulatory effects.[29][30] There is also evidence for an interaction between nicotine and the renin-angiotensin-

aldosterone axis, although such interactions remain unclear.[2][3][4][5] In any case, the observations of a consistently low

prevalence of smoking among COVID-19 cases in China and the US, together with the potential mechanisms through

which nicotine interacts with the inflammatory process and the renin-angiotensin-aldosterone axis involved in the

development of COVID-19, warrant an urgent investigation of the clinical effects of pharmaceutical nicotine on COVID-19

susceptibility, progression and severity. The potential need to provide pharmaceutical nicotine products to smokers who

experience an abrupt withdrawal of nicotine when hospitalized for COVID-19 or aim to follow medical advice to quit

smoking to relieve underlying conditions that may increase vulnerability to serious or fatal symptoms should also be

examined.

Finally, an important issue that also needs to be addressed is the effect of e-cigarette use on COVID-19 risk, particularly

for Europe and the US where prevalence of use is higher compared to China. No studies recording e-cigarette use status

among hospitalized COVID-19 patients in China were identified. Thus, no recommendation can be made for e-cigarette

users, but all the above-mentioned issues relevant to the hypothesis about the effects of nicotine and nicotine withdrawal

on COVID-19 progression and severity are equally applicable to e-cigarette users.

 

 

References

1. ^Vaduganathan M, Vardeny O, Michel T, McMurray JJV, Pfeffer MA, Solomon SD. Renin-Angiotensin-Aldosterone

System Inhibitors in Patients with Covid-19. N Engl J Med. 2020. doi: 10.1056/NEJMsr2005760.

2. a, bOakes JM, Fuchs RM, Gardner JD, Lazartigues E, Yue X. Nicotine and the renin-angiotensin system. Am J Physiol

Regul Integr Comp Physiol. 2018;315(5):R895-R906. doi: 10.1152/ajpregu.00099.2018.

3. a, bYue X, Basting TM, Flanagan TW, Xu J, Lobell TD, Gilpin NW, Gardner JD, Lazartigues E. Nicotine Downregulates

the Compensatory Angiotensin-Converting Enzyme 2/Angiotensin Type 2 Receptor of the Renin–Angiotensin System.

Ann Am Thorac Soc. 2018 Apr; 15(Suppl 2): S126–S127. doi: 10.1513/AnnalsATS.201706-464MG.

4. a, bCai G. Bulk and Single-Cell Transcriptomics Identify Tobacco-Use Disparity in Lung Gene Expression of ACE2, the

Receptor of 2019-nCov. Preprints 2020, 2020020051 doi. 10.20944/preprints202002.0051.v3.

5. a, bLeung JM, Yang CX, Tam A, Shaipanich T, Hackett TL, Singhera GK, Dorscheid DR, Sin DD. ACE-2 Expression in

the Small Airway Epithelia of Smokers and COPD Patients: Implications for COVID-19. doi.

10.1101/2020.03.18.20038455.

6. ^Zhang H, Penninger JM, Li Y, Zhong N, Slutsky AS. Angiotensin-converting enzyme 2 (ACE2) as a SARS-CoV-2

receptor: molecular mechanisms and potential therapeutic target. Intensive Care Med. 2020 Apr;46(4):586-590. doi:

10.1007/s00134-020-05985-9.

7. ^Kuba K, Imai Y, Rao S, Gao H, Guo F, Guan B, Huan Y, Yang P, Zhang Y, Deng W, Bao L, Zhang B, Liu G, Wang Z,

Qeios, CC-BY 4.0   ·   Article, April 4, 2020

Qeios ID: Z69O8A.13   ·   https://doi.org/10.32388/Z69O8A.13 6/9



Chappell M, Liu Y, Zheng D, Leibbrandt A, Wada T, Slutsky AS, Liu D, Qin C, Jiang C, Penninger JM. A crucial role of

angiotensin converting enzyme 2 (ACE2) in SARS coronavirus–induced lung injury. Nat Med 2005 11:875–879.

8. ^Dijkman R, Jebbink MF, Deijs M, Milewska A, Pyrc K, Buelow E, van der Bijl A, van der Hoek L. Replication-

dependent downregulation of cellular angiotensin-converting enzyme 2 protein expression by human coronavirus

NL63. J Gen Virol 2012; 93: 1924-9.

9. ^Imai Y, Kuba K, Rao S, Huan Y, Guo F, Guan B, Yang P, Sarao R, Wada T, Leong-Poi H, Crackower MA, Fukamizu

A, Hui CC, Hein L, Uhlig S, Slutsky AS, Jiang C, Penninger JM. Angiotensin-converting enzyme 2 protects from severe

acute lung failure. Nature. 2005 Jul 7;436(7047):112-6.

10. ^Gurwitz D. Angiotensin receptor blockers as tentative SARS-CoV-2 therapeutics. Drug Dev Res. 2020 Mar 4. doi:

10.1002/ddr.21656.

11. ^World Health Organization (WHO). Global Adult Tobacco Survey (GATS). Fact sheet China 2018. Available at:

https://www.who.int/docs/default-source/wpro---documents/countries/china/2018-gats-china-factsheet-cn-en.pdf.

12. ^Cai H. Sex difference and smoking predisposition in patients with COVID-19. Lancet Respir Med. 2020 Mar 11. pii:

S2213-2600(20)30117-X. doi: 10.1016/S2213-2600(20)30117-X.

13. a, bGuan WJ, Liang WH, Zhao Y, Liang HR, Chen ZS, Li YM, Liu XQ, Chen RC, Tang CL, Wang T, Ou CQ, Li L, Chen

PY, Sang L, Wang W, Li JF, Li CC, Ou LM, Cheng B, Xiong S, Ni ZY, Xiang J, Hu Y, Liu L, Shan H, Lei CL, Peng YX,

Wei L, Liu Y, Hu YH, Peng P, Wang JM, Liu JY, Chen Z, Li G, Zheng ZJ, Qiu SQ, Luo J, Ye CJ, Zhu SY, Cheng LL,

Ye F, Li SY, Zheng JP, Zhang NF, Zhong NS, He JX; China Medical Treatment Expert Group for Covid-19.

Comorbidity and its impact on 1590 patients with Covid-19 in China: A Nationwide Analysis. Eur Respir J. 2020. pii:

2000547. doi: 10.1183/13993003.00547-2020.

14. a, bGuan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, Shan H, Lei CL, Hui DSC, Du B, Li LJ, Zeng G, Yuen KY,

Chen RC, Tang CL, Wang T, Chen PY, Xiang J, Li SY, Wang JL, Liang ZJ, Peng YX, Wei L, Liu Y, Hu YH, Peng P,

Wang JM, Liu JY, Chen Z, Li G, Zheng ZJ, Qiu SQ, Luo J, Ye CJ, Zhu SY, Zhong NS; China Medical Treatment

Expert Group for Covid-19. Clinical Characteristics of Coronavirus Disease 2019 in China. N Engl J Med. 2020. doi:

10.1056/NEJMoa2002032.

15. a, bLian J, Jin X, Hao S, Cai H, Zhang S, Zheng L, Jia H, Hu J, Gao J, Zhang Y, Zhang X, Yu G, Wang X, Gu J, Ye C,

Jin C, Lu Y, Yu X, Yu X, Ren Y, Qiu Y, Li L, Sheng J, Yang Y. Analysis of Epidemiological and Clinical features in

older patients with Corona Virus Disease 2019 (COVID-19) out of Wuhan. Clin Infect Dis. 2020 Mar 25. pii: ciaa242.

doi: 10.1093/cid/ciaa242.

16. ^Jin X, Lian JS, Hu JH, Gao J, Zheng L, Zhang YM, Hao SR, Jia HY, Cai H, Zhang XL2, Yu GD, Xu KJ, Wang XY, Gu

JQ, Zhang SY, Ye CY, Jin CL, Lu YF, Yu X, Yu XP, Huang JR, Xu KL, Ni Q, Yu CB, Zhu B, Li YT, Liu J, Zhao H,

Zhang X, Yu L, Guo YZ, Su JW, Tao JJ, Lang GJ, Wu XX, Wu WR, Qv TT, Xiang DR, Yi P, Shi D, Chen Y, Ren Y, Qiu

YQ, Li LJ, Sheng J, Yang Y. Epidemiological, clinical and virological characteristics of 74 cases of coronavirus-infected

disease 2019 (COVID-19) with gastrointestinal symptoms. Gut. 2020 Mar 24. pii: gutjnl-2020-320926. doi:

10.1136/gutjnl-2020-320926.

17. a, bChen T, Wu D, Chen H, Yan W, Yang D, Chen G, Ma K, Xu D, Yu H, Wang H1, Wang T, Guo W, Chen J, Ding C,

Zhang X, Huang J, Han M, Li S, Luo X, Zhao J, Ning Q. Clinical characteristics of 113 deceased patients with

Qeios, CC-BY 4.0   ·   Article, April 4, 2020

Qeios ID: Z69O8A.13   ·   https://doi.org/10.32388/Z69O8A.13 7/9



coronavirus disease 2019: retrospective study. BMJ. 2020;368:m1091. doi: 10.1136/bmj.m1091.

18. ^Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J, Wang Y, Song B, Gu X, Guan L, Wei Y, Li H, Wu X, Xu J, Tu S,

Zhang Y, Chen H, Cao B. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan,

China: a retrospective cohort study. Lancet. 2020. doi: 10.1016/S0140-6736(20)30566-3.

19. ^Mo P, Xing Y, Xiao Y, Deng L, Zhao Q, Wang H, Xiong Y, Cheng Z, Gao S, Liang K, Luo M, Chen T, Song S, Ma Z,

Chen X, Zheng R, Cao Q, Wang F, Zhang Y. Clinical characteristics of refractory COVID-19 pneumonia in Wuhan,

China. Clin Infect Dis. 2020. doi: 10.1093/cid/ciaa270.

20. a, bZhang JJ, Dong X, Cao YY, Yuan YD, Yang YB, Yan YQ, Akdis CA, Gao YD. Clinical characteristics of 140

patients infected with SARS-CoV-2 in Wuhan, China. Allergy. 2020. doi: 10.1111/all.14238.

21. ^Wan S, Xiang Y, Fang W, Zheng Y, Li B, Hu Y, Lang C, Huang D, Sun Q, Xiong Y, Huang X, Lv J, Luo Y, Shen L,

Yang H, Huang G, Yang R. Clinical Features and Treatment of COVID-19 Patients in Northeast Chongqing. J Med

Virol. 2020. doi: 10.1002/jmv.25783.

22. a, bLiu W, Tao ZW, Lei W, Ming-Li Y, Kui L, Ling Z, Shuang W, Yan D, Jing L, Liu HG, Ming Y, Yi H. Analysis of factors

associated with disease outcomes in hospitalized patients with 2019 novel coronavirus disease. Chin Med J (Engl).

2020. doi: 10.1097/CM9.0000000000000775.

23. ^Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X, Cheng Z, Yu T, Xia J, Wei Y, Wu W, Xie

X, Yin W, Li H, Liu M, Xiao Y, Gao H, Guo L, Xie J, Wang G, Jiang R, Gao Z, Jin Q, Wang J, Cao B. Clinical features

of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet. 2020;395(10223):497-506. doi:

10.1016/S0140-6736(20)30183-5.

24. a, bGuo T, Fan Y, Chen M, Wu X, Zhang L, He T, Wang H, Wan J, Wang X, Lu Z. Cardiovascular Implications of Fatal

Outcomes of Patients With Coronavirus Disease 2019 (COVID-19). JAMA Cardiol. 2020. doi:

10.1001/jamacardio.2020.1017.

25. ^Zhang X, Cai H, Hu J, Lian J, Gu J, Zhang S, Ye C, Lu Y, Jin C, Yu G, Jia H, Zhang Y, Sheng J, Li L, Yang Y.

Epidemiological, clinical characteristics of cases of SARS-CoV-2 infection with abnormal imaging findings. Int J Infect

Dis. 2020. pii: S1201-9712(20)30172-7. doi: 10.1016/j.ijid.2020.03.040.

26. a, bLiu S, Zhang M, Yang L, Li Y, Wang L, Huang Z, Wang L, Chen Z, Zhou M. Prevalence and patterns of tobacco

smoking among Chinese adult men and women: findings of the 2010 national smoking survey. J Epidemiol Community

Health. 2017 Feb;71(2):154-161. doi: 10.1136/jech-2016-207805.

27. a, bVardavas CI, Nikitara K. COVID-19 and smoking: A systematic review of the evidence. Tob Induc Dis. 2020 Mar

20;18:20. doi: 10.18332/tid/119324.

28. ^Centers for Disease Control and Prevention. Preliminary Estimates of the Prevalence of Selected Underlying Health

Conditions Among Patients with Coronavirus Disease 2019 — United States, February 12–March 28, 2020. MMWR

Morb Mortal Wkly Rep 2020. doi: 10.15585/mmwr.mm6913e2.

29. ^Mabley J, Gordon S, Pacher P. Nicotine exerts an anti-inflammatory effect in a murine model of acute lung injury.

Inflammation. 2011;34(4):231-7. doi: 10.1007/s10753-010-9228-x.

30. ^Wang H, Yu M, Ochani M, Amella CA, Tanovic M, Susarla S, Li JH, Wang H, Yang H, Ulloa L, Al-Abed Y, Czura CJ,

Tracey KJ. Nicotinic acetylcholine receptor alpha7 subunit is an essential regulator of inflammation. Nature.

Qeios, CC-BY 4.0   ·   Article, April 4, 2020

Qeios ID: Z69O8A.13   ·   https://doi.org/10.32388/Z69O8A.13 8/9



2003;421(6921):384-8.

Qeios, CC-BY 4.0   ·   Article, April 4, 2020

Qeios ID: Z69O8A.13   ·   https://doi.org/10.32388/Z69O8A.13 9/9


	Smoking, vaping and hospitalization for COVID-19
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


