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ABSTRACT

Background and objectives: Since the World Health Organization (WHO) declared a
public health emergency of imminent concern in March 2020, the novel coronavirus
(SARS-CoV-2) and its related disease (COVID-19) has become a topic of much needed research.
This study primarily focused on what effect smoking had on hospitalization; however,
asymptomaticity, and severity were discussed.

Data: Data was collected through searches on databases including PubMed and Google
Scholar. Eligibility criteria included being RT-PCR verified and including smoking data.

Discussion: This study found that smokers were significantly underrepresented in
COVID-19 hospitalization on a purely epidemiological level in some areas, including China and
Manhattan, but not others: Seattle, Greater New York City Area, and Italy. Furthermore, smokers
were equally represented in asymptomatic populations, but smokers will likely experience a
more severe manifestation of the disease if they are symptomatic. Further inquiry into possible
mechanisms by which the observed epidemiological effect is necessary, as it has implications for
recommendations on loosening restrictions on social distancing measures.

Conclusions and Recommendations: This study recommends that smokers consider
themselves to be at higher risk for COVID-19, as they may experience a more severe
manifestation of the disease. Health care providers and policy makers should consider smokers at

higher risk as well, as there is evidence to claim that smokers may contract a more severe form

of COVID-19.
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INTRODUCTION

The SARS-CoV-2 virus originated in late December in Wuhan, China, where it has since
spread to many parts of the world.[1, 2] As of 9 May 2020, an estimated 3.9 million people
worldwide have been diagnosed with the SARS-CoV-2 virus. Clearly, the disease is continuing
to spread, as according to the WHO, about 95,000 cases have developed in the past day[3];
virtually every country, at this point, has had some exposure to the virus. The virus is
disproportionately severe in the elderly and those with comorbidities,[4,5] prompting many
countries to undergo self-isolation procedures.[6]

Smoking has been implicated as a risk factor for countless viral infections, including
influenza.[7] Thus, smoking has been hypothesized to be a risk factor for COVID-19, especially
because the disease is respiratory.

It is now well known that SARS-CoV-2 uses the Angiotensin-converting enzyme 2
(ACE2) receptor for entry into a target cell with greater affinity than did SARS-CoV.[8]
Furthermore, the ACE2 receptor is upregulated in those who smoke.[9] Thus, it has been
suggested that those who smoke are more susceptible to SARS-CoV-2, and limited, anecdotal
evidence has been presented to support this claim.[10, 11] However, very few of the studies
used statistical tests, and, when they were used, very few yielded significance, and virtually no
studies examined the disease and tobacco use outside of China. There is some limited evidence
published to argue that there is no association between smoking and hospitalization due to or
severity of COVID-19.[12, 13] However, similar to the previous studies, they did not examine

data from outside China.
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International analyses are very important regarding the COVID-19 pandemic. Ethnic and
genetic disparities in expression of the ACE2 gene could possibly explain the discrepancy in
case-fatality rate between China and Italy, for example.[14] Furthermore, discrepancies in gender
between those who smoke and do not smoke are very significant in many countries,[15] and has
been implicated as a possible explanation for the discrepancy in male-female fatality due to
COVID-19.[16] Lastly, air quality has been correlated with COVID-19 severity by country;
however, it remains unclear whether this relationship is causal.[17] Thus studying the two
variables (hospitalization due to COVID-19 and smoking rates) between nations will increase the
likelihood that the correlation observed is strictly due to smoking.

Many studies have been published regarding COVID-19 and the association with
smoking; however, this is the first study, to the knowledge of the author, detailing
asymptomaticity of COVID-19 in smokers and that reviewed multiple centers of the pandemic.
This systematic review aims to examine whether or not those hospitalized for COVID-19 were
disproportionately smokers. It was hypothesized that there would be no correlation between the
two variables. In other words, smokers were hypothesized to be proportionally represented in

hospitalizations.

METHODS

Firstly, data was acquired by search query for, “clinical characteristics of COVID-19,”,
“SARS-CoV-2 clincal features,” or for “[SARS-COV-2 OR COVID-19] AND [smoking OR
tobacco]” and related terms through the databases PubMed, ScienceDirect, and Google Scholar.

No language restrictions were placed on the studies. Inclusion criteria were as follows: full text
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was available, study was subject to peer-review, all diagnoses were verified by RT-PCR, and
smoking data were provided. The search was conducted from 30 April 2020 to 9 May 2020 Of
5,360 potential results, only 6 met the eligibility criteria. Data was extracted from data tables
provided by the study authors in the article text. No data was pooled or combined with other
studies' data. The data presented was assumed to be free of bias, as all diagnoses were RT-PCR
verified and studies included all individuals who were hospitalized for the disease for some
period. Individuals who were former smokers were counted as smokers, whereas those who had
never smoked were counted as non-smokers for a more conservative analysis. Based on data
released by governments of the various nations studied, the proportion of active smokers in the
general population was used. For country-level studies, the published 2015 WHO[15] smoking
data was used; however, in the case of United States centered studies, smoking data was
collected from state government reporting.[26, 27] All the data found above can be found in
Table 1.

Next, a 1-tailed, 1-sample Pearson’s chi-squared test was conducted for each of the
relevant studies’ data with significance of 0.05. It was alternatively hypothesized that
hospitalization and smoking status would not be completely independent. For studies that had
fewer than 30 patients, a Fisher Exact test was used with the same hypotheses and level of
significance. Yule’s Q were calculated for all groups to demonstrate directionality and strength
of the correlation. In addition, an odds ratio was calculated for all studies. All statistical tests
were performed using Microsoft Excel. The relevant statistics and p-values are presented in

Table II.
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RESULTS

A total of 7,320 patients were included in this study, of whom 2,335 (31.9%) had some
prior history of smoking. About 15.1% of those cases were hospitalized in China and 83.6%
hospitalized in the United States; the remaining approximate 1.4% were hospitalized in Italy.
Table I contains general information about the data and studies, and Table II contains results
from statistical testing applied on those data in Table 1. After reading, all studies examined were
free from bias that would significantly alter the conclusions drawn.

Yule’s Q is a measure of the strength of correlation for the two variables (smoking and
hospitalization). The more extreme the Q value is, the larger the correlation is (ranging from -1
to 1). Here, a negative Q value indicates an inverse correlation between smoking and
hospitalization, and a positive Q value indicates a positive, direct correlation between smoking

and hospitalization.
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Table I: Smoking and Geographic Data

Author(s) Geographic Smokers Non-smokers Total Expected

Location (count) (count) smoking
proportion

Guan et al. [20] China 158 927 1085 25.3% [15]

Hu et al.® [21] China 2 17 19 25.3% [15]

Bhatraju et al. Seattle 5 19 24 13.5% [27]

[22]

Goyal et al. [23]  Manhattan, 20 373 393 9.60% [26]
NYC

Goyal et al. Manbhattan, 6 124 130 9.60% [26]

(Requiring NYC

Mechanical

Ventilation) [23]

Richardson et al.  Greater NYC 2133 3567 5700 10.90% [26]
[24] Area

Inciardi et al. Italy 17 82 99 24.0% [15]
[25]

* The Hu et al. data included asymptomatic patients only
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Table I1: Summary Table of Statistical Testing

Author y2-statistic p-value Yule’s Q
Guan et al.[20] 66.19 p <0.0001 -0.330
Hu et al.[21] N/AP p=10.405 -0.484
Bhatraju et al.[22] N/A® p=0.701 0.255
Goyal et al. [23] 9.21 p=0.002 -0.329
Goyal et al. (Requiring 3.72 p=0.054 -0.374
Mechanical Ventilation) [23]

Richardson et al.[24] 1093.09 p <0.0001 0.660
Inciardi et al.[25] 2.53 p=0.111 -0.207

® Sample size was too small to use the chi-squared test, Fisher Exact test was used instead, as

described above.

DISCUSSION

Based on the results in Table II, in China, smoking appears to have a preventative effect
on hospitalization for COVID-19 (y* = 66.19, p < 0.0001, Q = -0.33), at least on the
epidemiological level. These measurements were extremely significant with a large sample size
(n=1085). This result is consistent with several similar findings that only examined patient data
from China and East Asia.[12,13]

However, when examining geographic regions outside of China, the data appears to be a
lot more mixed. Seattle and Italy, with relatively smaller sample sizes (n = 24 and n =99) both

did not reach significance (p =0.701 and y~ =2.53; p = 0.111, respectively), meaning smokers
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were equally represented in the hospitalized patients in those areas. Manhattan, New York was
the only epicenter outside of China to reach statistical significance for a preventative effect (y* =
9.21,p=10.002, Q =-0.329). And this is possibly contradicted by the larger, more significant
finding in the greater New York City Area, that smokers were more likely to be hospitalized for
COVID-19 (o = 1093.09, p < 0.0001, Q = 0.660). Interestingly, New York City was one of the
areas in the United States with the poorest air quality in terms of NO, concentration.[17]

By using the requirement of mechanical ventilation as an assay for severity, there is
evidence to suggest that smokers get a more severe manifestation of the disease. Smokers were
underrepresented in the population of hospitalized patients in Manhattan (y* = 9.21, p = 0.002, Q
=-0.329), but those who needed mechanical ventilation were proportionately smokers (y* = 3.72,
p =0.054, Q =-0.374). This suggests that smokers either contracted a more severe form of the
disease or were more susceptible to severe infection by the otherwise less severe disease. These
findings are consistent with those of Patanavanich & Glantz.[18]

These data may suggest that, when adjusted for air quality, there is a direct association
with the severity of the disease and tobacco use, but not between hospitalization and tobacco use.
Further research should focus on the mechanisms by which this could possibly occur.

Lastly, the relationship between asymptomatic patients and their tobacco use was
examined. The data indicated that smokers were proportionally represented in asymptomatic
patients. The relatively small sample size could be the reason for the lack of significance;
however, based on the available evidence, there is reason to claim that smokers are equally

represented in the population of asymptomatic patients. Asymptomatic patients are important to
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study with respect to smokers, because they could be responsible for up to 79% of the
documented, symptomatic cases.[19]

Beyond risk factors analysis, this study has implications in treatment for COVID-19.
Research done by Gonzalez-Rubio et al.[13] suggests nicotine has potential for treatment of
COVID-19 by suppressing cytokine storm.

Because this study was conducted on an epidemiological level, there are many possible
confounds that will necessarily dilute the findings of the study. As Berlin, Thomas, Le Faou and
Cornuz[ 10] observed, comorbidities, including hypertension, obesity, coronary heart disease,
etc., are inherently inseparable from epidemiological review, such as the one conducted in this
study. Furthermore, several countries’ tobacco use significantly differs by gender.[15] Thus, the
underrepresentation of smokers could be correlated somehow with gender distribution. A similar
sentiment was detailed by Cai.[16] The results of this study suggest that tobacco smokers should
undergo similar isolation procedures to non-smokers; however, in areas with poorer air quality,
smokers should err on the side of caution and consider themselves at higher risk for COVID-19.

Review bias has been attempted to be minimized by this study. By doing a systematic
review, review bias was minimized. Some concerns for overreporting of cases have come up in
the literature recently.[28] By only including diagnoses verified by RT-PCR, overreporting of
COVID-19 cases was also minimized.

This study examined data between nations and in 4 major epicenters of the pandemic.
Aggregating data from other epicenters of the pandemic, especially from Europe, the Middle

East, Africa, and South America, would be very beneficial. Studies similar to this one are critical

10
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at this stage of the pandemic, especially in assessing the risks of various recommendations for
which countries, states, or municipalities can ease prevention measures.

For future research purposes, databases recording smoking incidence in COVID-19
should be published to address concerns of current smokers or those related to smokers, as well
as to fully identify all the potential risk factors of the disease. The more understanding of the risk
factors of the disease, the better the understanding of the mechanism by which it acts is
understood. Furthermore, a richer understanding of the biological processes which take place in
smokers who are hospitalized with COVID-19 would be invaluable to research efforts to stop the

pandemic.

CONCLUSION

Based on the evidence presented here, it is sufficient to say that the exact variables
influencing COVID-19 hospitalizations remain unclear. There are multiple epicenters where
smokers are underrepresented in hospitalizations due to COVID-19. Despite this, smokers should
act cautiously, because they may be at higher risk depending on the air quality of their

geographic location.
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