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ARTICLE INFO ABSTRACT

Keywords: Rationale: The association between smoking status and severe Coronavirus Disease 2019 (COVID-19) remains
COVID-19 controversial.

SARS-COV2 Objective: To assess the risk of hospitalization (as a marker of severe COVID-19) in patients by smoking status:
Is—lrggply(iltzfization former, current and never smokers, who tested positive for the Severe Acute Respiratory Syndrome Coronavirus 2

(SARS-COV2) at an academic medical center in the United States.

Methods: We conducted a retrospective cohort study in patients with SARS-COV2 between March-1-2020 and
January-31-2021 to identify the risk of hospitalization due to COVID-19 by smoking status.

Results: We identified 10216 SARS-COV2-positive patients with complete documentation of smoking habits.
Within 14 days of a SARS-COV2 positive test, 1150 (11.2%) patients were admitted and 188 (1.8%) died.
Significantly more former smokers were hospitalized from COVID-19 than current or never smokers (21.2%
former smokers; 7.3% current smokers; 10.4% never smokers, p<0.0001). In univariable analysis, former
smokers had higher odds of hospitalization from COVID-19 than never smokers (OR 2.31; 95% CI 1.94-2.74).
This association remained significant when analysis was adjusted for age, race and gender (OR 1.28; 95% CI
1.06-1.55), but became non-significant when analysis included Body Mass Index, previous hospitalization and
number of comorbidities (OR 1.05; 95% CI 0.86-1.29). In contrast, current smokers were less likely than never
smokers to be hospitalized due to COVID-19.

Conclusions: Significantly more former smokers were hospitalized and died from COVID-19 than current or never
smokers. This effect is mediated via age and comorbidities in former smokers.

1. Introduction

Since first being recognized in December 2019, the Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-COV2) has caused to date
130 million cases and 2.8 million deaths worldwide [1]. Coronavirus
Disease 2019 (COVID-19), the infectious disease caused by SARS-COV2,
can range in presentation from asymptomatic to severe disease. When
symptomatic, the time from start of illness to when patients experience
dyspnea ranges from 5 to 8 days. About 3-15% of individuals infected
require hospitalization [2-5]. In patients who develop severe disease the

time from the beginning of illness to when patients develop acute res-
piratory distress syndrome (ARDS) ranges from 8 to 12 days. Also, the
time from onset of illness to Intensive Care Unit (ICU) admission ranges
from 9.5 to 12 days [6]. Risk factors for severe COVID-19 and greater
risk of mortality have been identified [5,7-9]; specifically, these are: age
greater than 65 years, coronary artery disease (CAD), congestive heart
failure (CHF), cardiac arrhythmia, chronic obstructive pulmonary dis-
ease (COPD), diabetes mellitus, cancer, and chronic kidney disease
(CKD), obesity, black race and Hispanic ethnicity [5,8-13]. Despite
agreement about the association between severe COVID-19 and the

Abbreviations List: Acute Respiratory Distress Syndrome, ARDS; Angiotensin-Converting Enzyme 2, ACE2; Body Mass Index, BMI; Centers for Disease Control and
Prevention, CDC; Chronic Obstructive Pulmonary Disease, COPD; Chronic Kidney Disease, CKD; Congestive Heart Failure, CHF; Confidence Interval, CI; Coronary
Artery Disease, CAD; Coronavirus Disease 2019, COVID-19; Electronic Health Records, EHR; Emergency Department, ED; End-Stage Renal Disease, ESRD; Inpatient,
IP; International Classifications of Diseases version 10, ICD-10; Nicotine Replacement Therapy, NRT; Odds Ratio, OR; Outpatient, OP; Renin-Angiotensin System,
RAS; Standard Deviation, SD; Severe Acute Respiratory Syndrome Coronavirus 2, SARS-COV2.
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comorbidities mentioned above, the relationship between tobacco use
and the severity of COVID-19 infection remains controversial [8,10,12,
14-20].

Smoking has been associated with increased risk of infection and
worse outcomes for a multitude of bacterial and viral pathogens [21].
For instance, smokers with or without chronic lung disease have higher
risk of invasive pneumococcal disease and community acquired pneu-
monia [22,23]. Also, smoking is a risk factor for the development of and
death from active tuberculosis infection [24-26]. Similarly, smokers are
more likely to be infected with and develop clinical symptoms when
exposed to rhinovirus, respiratory syncytial virus or coronavirus type
229 [27]. Influenza infection and severity are worse in smokers
compared to non-smokers [28-30]. In contrast, studies throughout the
world have reported a low prevalence of current smokers among people
that tested positive for SARS-COV2 and/or were hospitalized due to
COVID-19 [10,12,18-20]. The association between smoking and severe
COVID-19 is unknown.

To evaluate the relationship between former, current, and never
smoker status and severe COVID-19, we conducted a retrospective
cohort study to identify the risk of hospitalization from COVID-19 (as a
marker of severe infection) within 14 days of a positive SARS-COV2 test
in former and current smokers compared to never smokers. Based on the
known adverse effects of smoking, we hypothesize that smokers (former
and/or current) may have higher risk of hospitalization from COVID-19
compared to never smokers.

2. Methods
2.1. Data and cohort

In this retrospective cohort study patients at the University of Texas
Medical Branch (UTMB) Health System with any SARS-COV2 positive
laboratory test result from March 1, 2020 to January 31, 2021 were
included. The UTMB institutional review board approved the study
(IRB# 20-0249). Data was collected from Epic, the institution’s elec-
tronic health records system (EHR). Patients who were prisoners,
younger than 18 years, admitted after 14 days of an initial positive

SARS-COV?2 positive patients with any visits (IP,
OP, ED) at UTMB and documented smoking
status in the 2 years prior to SARS-COV2 test

N =15416
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SARS-COV2 result, had no clinical encounter in the prior 2 years in our
health system or had incomplete smoking status records in the 2 years
before SARS-COV2 test were excluded (Fig. 1). We divided the study
cohort into former, current and never smokers based on each patient’s
lifetime count of cigarettes smoked and most recent self-reported
smoking status. Patients who self-reported as a never smoker or who
had smoked less than 100 cigarettes in their lifetime were considered
never smokers; patients who smoked more than 100 cigarettes in their
lifetime were considered smokers (former or current) [31]. Former
smokers’ status was assigned based on the patient’s self-report of
“former smoker” in the EHR.

2.2. Outcome and characteristics

Our main outcome was any COVID-19 related hospitalization within
14 days of the initial SARS-COV2-positive result. COVID-19-related
hospitalization was defined as COVID-19 inpatient visits with any
diagnosis of respiratory failure, cough, dyspnea, shortness of breath,
respiratory distress, dyspnea on exertion, abnormal breathing, hypoxia,
COVID-19, on supplemental oxygen, etc. (e-Table 1 in the online data
supplement). For patients with multiple hospitalizations within 14 days
of a positive SARS-COV2 result, we considered the first COVID-19-
related hospitalization. We collected patient demographics, death
date, Body Mass Index (BMI), and insurance status within a year of the
initial SARS-COV2 test. Comorbidities, including diabetes, hyperten-
sion, COPD, asthma, CKD, end-stage renal disease (ESRD), stroke, CHF,
cancer, CAD and liver disease, were collected from our EHR with the use
of administrative diagnostic codes (International Classifications of Dis-
eases version 10, [ICD-10]). Also collected were prednisone prescription
within a year of the SARS-COV2 test and any history of inhaler pre-
scriptions at the time of the test visit. We also collected each patient’s
prior year inpatient and emergency department visit records, home
oxygen orders and smokeless cigarette usage.

2.3. Statistical analysis

Patient characteristics were summarized with mean, standard

Fig. 1. Flow Diagram of our cohort selection process.
Smoking status was obtained within 2 years before
SARS-COV2 positive test result. For patients with
multiple records, we took the latest. A never smoker
was defined as a patient who: 1) self-reported as

Exclude patients admitted
beyond 14 days after
positive SARS-COV2

N =97

Exclude Age < 18 years
N =3150

never having been a smoker or 2) had <100 ciga-
rettes in their lifetime. A current or former smoker
was defined as a patient who self-reported as a cur-
rent or former smoker and had >100 cigarettes in
their lifetime [31]. Current or former was based on

N =12169

[

latest self-report. Of patients who visited UTMB and
had a positive test for SARS-COV2, 81.4% had
smoking records. Of these patients who had a
smoking record and fulfilled other eligibility criteria,
83.9% had complete records, including pack-per-day

N = 10216 (100%)

Patients who had pack-per-day and smoking years
documented within 2 years before SARS-COV2 positive test

and smoking years and were included in the analysis.
Admission was COVID-19 related inpatients (those
admitted only to the Emergency Department were
not considered). Definition of abbreviations:
SARS-COV2= Severe Acute Respiratory Syndrome

Coronavirus-2; COVID-19 = Coronavirus Disease
2019; IP= Inpatient; OP= Outpatient; ED = Emer-
gency Department; UTMB= University of Texas

[

] Medical Branch.

Current smoker
N= 398 (3.9%)

Former smoker
N=917 (9.0%)

Never smoker
N= 8901 (87.1%)
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Table 1
Characteristics of patients who tested positive for SARS-COV2 by smoking status at the University of Texas Medical Branch Health System between March 1. 2020 and
January 31. 2021.

Total n(%) Former Smoker n(%) Current Smoker n(%) Never Smoker n(%) p-value
10216(100) 917(9.0) 398(3.9) 8901(87.1) -
Characteristics - - - - -
Sex - - - - <0.0001
Female 6632(64.9) 479(52.4) 240(60.3) 5913(66.4) -
Male 3584(35.0) 438(47.8) 158(39.7) 2988(33.6) -
Age - - - - <0.0001
Mean (+SD) 45.81(18.11) 58.6(15.96) 48.8(14.75) 44.36(17.93) -
N (%) - - - - -
0-40 4327(42.3) 141(15.38) 134(33.7) 4052(45.52) -
40-49 1708(16.7) 135(14.7) 73(18.3) 1500(16.9) -
50-64 2463(24.1) 292(31.8) 131(32.9) 2040(22.9) -
65-74 1090(10.7) 215(23.5) 45(11.3) 830(9.32) -
75-84 441(4.3) 102(11.1) 14(3.5) 325(3.65) -
>85 187(1.8) 32(3.5) 1(0.3) 154(1.73) -
Race - - - - <0.0001
White 4402(43.1) 529(57.7) 237(59.55) 3636(40.9) -
Black 1567(15.3) 140(15.3) 78(19.6) 1349(15.2) -
Other/Missing 243(2.4) 6(0.7) 2(0.5) 235(2.6) -
Hispanic ethnicity 4004(39.2) 242(26.4) 81(20.4) 3681(41.4) -
BMI Mean (+SD) 31.41(7.63) 31.76(7.80) 30.89(7.79) 31.39(7.60) -
BMI - - - - <0.0001
Missing 1541(15.1) 62(6.8) 52(13.1) 1427(16.0) -
Underweight 98(1.0) 16(1.7) 8(2.0) 74(0.8) -
Normal 1590(15.6) 130(14.2) 70(17.6) 1390(15.6) -
Overweight 2500(24.5) 251(27.4) 101(25.4) 2148(24.1) -
Obese I(BMI 30-34) 2178(21.3) 221(24.1) 76(19.1) 1881(21.1) -
Obese I1(>35) 2309(22.6) 237(25.9) 91(22.9) 1981(22.26) -
Medicare 1848(18.1) 376(41) 84(21.1) 1388(15.59) <0.0001
Medicaid 1196(11.7) 98(10.7) 78(19.6) 1020(11.5) <0.0001
Dual eligibility 87(0.9) 26(2.8) 13(3.3) 48(0.5) <0.0001
Not insured 1358(13.3) 64(7.0) 66(16.6) 1228(13.8) <0.0001
Comorbidity - - - - -
Diabetes 1409(13.8) 243(26.5) 74(18.6) 1092(12.3) <0.0001
Hypertension 3045(29.8) 536(58.5) 166(41.7) 2343(26.3) <0.0001
COPD 1092(10.7) 259(28.2) 100(25.1) 733(8.2) <0.0001
Asthma 1108(10.8) 146(15.9) 59(14.8) 903(10.1) <0.0001
CKD 240(2.3) 61(6.7) 13(3.3) 166(1.9) <0.0001
ESRD 88(0.9) 15(1.6) 3(0.8) 70(0.8) <0.0001
Stroke 203(2.0) 46(5.0) 15(3.8) 142(1.6) <0.0001
CHF 356(3.5) 124(13.5) 22(5.5) 210(2.4) <0.0001
Cancer 127(1.2) 35(3.8) 8(2.0) 84(0.9) <0.0001
CAD 423(4.1) 146(15.9) 29(7.3) 248(2.8) <0.0001
Liver disease 530(5.2) 124(13.5) 35(8.8) 371(4.2) <0.0001
Inhaler prescription - - - - <0.0001
No inhaler 9885(96.8) 829(90.4) 362(91.0) 8694(97.7) -
LABA + LAMA + ICS 13(0.1) 7(0.8) 3(0.8) 3(0.03) -
LABA + LAMA 34(0.3) 18(2.0) 8(2.0) 8(0.09) -
LABA + ICS 5(0.04) 1(0.1) 0(0) 4(0.04) -
LAMA + ICS 17(0.2) 3(0.3) 1(0.3) 13(0.2) -
LABA 167(1.6) 44(4.8) 12(3.0) 111(1.3) -
LAMA 14(0.1) 4(0.4) 6(1.5) 4(0.04) -
ICS 81(0.8) 11(1.2) 6(1.5) 64(0.7) -
Previous year admission - - - - <0.0001
0 9293(91.0) 785(85.6) 350(87.9) 8158(91.7) -
1 398(3.9) 43(4.7) 18(4.5) 337(3.8) -
2 227(2.2) 26(2.8) 9(2.3) 192(2.2) -
>3 298(2.9) 63(6.9) 21(5.3) 214(2.4) -
Previous year ED visit - - - - <0.0001
0 7867(77.0) 626(68.3) 257(64.6) 6984(78.5) -
1 1493(14.6) 155(16.9) 77(19.4) 1261(14.17) -
2 466(4.6) 68(7.4) 30(7.5) 368(4.1) -
>3 390(3.8) 68(7.4) 34(8.5) 288(3.2) -
Previous year Pulmonary clinic visit 270(2.6) 91(9.9) 21(5.3) 158(1.8) <0.0001
Previous year Prednisone prescription 456(4.5) 83(9.1) 31(7.8) 342(3.8) <0.0001
Home oxygen 21(0.2) 11(1.2) 3(0.8) 7(0.1) <0.0001
Smokeless cigarette (Vape) - - - - <0.0001
Current 158(1.5) 25(2.7) 19 (4.8) 114(1.3) -
Former 212(2.1) 119(13.0) 22(5.5) 71(0.8) -
Never 8702(85.2) 755(82.3) 328(82.4) 7619(85.6) -
Unknown 1144(11.1) 18(2.0) 29(7.3) 1097(12.3) -

-Age calculated on SARS-COV2 testing date.

-BMI obtained within a year before COVID test. Excluded BMI outliers (0.1% extreme). For patients with multiple records, take the last before COVID test. BMI cut-offs
reference CDC [50].

-Patients with missing BMI are not included in hypothesis testing and modeling.
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-Persons self-identifying as Non-Hispanic ethnicity, where categorized based on race (White, Black, Other). Patients self-identifying as Hispanic ethnicity, were
included in the ‘Hispanic’ group, regardless of race.

-Insurance obtained from bill payers within a year before SARS-COV2 testing date.

-Comorbidities collected from encounter diagnosis, problem list and medical history.

-Smoking status obtained from EHR (social history and flowsheet) within a year before SARS-COV2 testing date. For patients with multiple records, we use the last
record before SARS-COV2 test.

-Inhaler medication prescription history obtained covers the SARS-COV2 testing date.

-Prednisone prescription obtained within a year of SARS-COV2 testing date.

-Home oxygen identified by ICD-10 diagnosis code J96.11 or Z99.81, and from the EHR flowsheet questionnaire.

-Vaping is self-reported and includes any smokeless tobacco product.

Definition of abbreviations: SARS-COV2= Severe Acute Respiratory Syndrome Coronavirus-2; COVID-19 = Coronavirus Disease 2019; BMI= Body Mass Index; EHR =
Electronic Health Record; CAD= Coronary Artery Disease; CHF= Congestive Heart Failure; COPD= Chronic Obstructive Pulmonary Disease; CKD= Chronic kidney
disease; ESRD = End Stage Renal Disease; ED = Emergency Department; LABA = Long Acting Beta Agonist; LAMA = Long Acting Muscarinic Agonist; ICS= Inhaled

Corticosteroids; SD= Standard Deviation; ICD= International Classification of Diseases; CDC= Centers for Disease Control and Prevention.

deviation (SD), frequency and percentage. In univariable analysis, we
compared former, current and never smokers. For categorical charac-
teristics, we used Chi-square test and Fisher’s exact test; for continuous
characteristics, we used analysis of variance. Multivariable analyses
exploring the relationship of smoking status with the outcome were
performed by fitting multivariable logistic regression models, adjusted
for age, gender, race, BMI, number of comorbidities and number of
inpatient stays within the previous year. The interaction of smoking
status with other characteristics was evaluated. As sensitivity analysis,
we split our cohort in three groups based on age (18-40, 41-64 and 65
years or older). Then, we fitted multivariable logistic regression models
separately for each age group to explore any effect of smoking status on
the risk of COVID-19 hospitalization. We also conducted sensitivity
analyses with different BMI cutoffs, added Hispanic ethnicity and
analyzed age as a continuous variable. Data management was performed
with Python 3.7 and analysis was performed with SAS version 9.4 (SAS
Inc., Cary, NC). All reported p-values were two-sided with p < 0.05.

3. Results
3.1. Demographics

Detailed characteristics of the cohort are presented in Table 1. Dur-
ing our study period, we found 10216 patients who had a positive test
for SARS-COV2 and complete documentation of smoking habits in our
EHR. Out of this group of patients, we identified 917 (9.0%) former
smokers, 398 (3.9%) current smokers, and 8901 (87.1%) never smokers.
In all, 35% were male, 43.0% were White, 39.1% were Hispanic, 15.3%
were Black, 43.9% had BMI >30 kg/m2 and 3.6% had a smokeless to-
bacco use history. The mean age was significantly different for former
(58.6 + 15.96 years), current (48.8 + 14.75 years) and never smokers
(44.36 + 17.93 years).

3.2. Effect of smoking on hospitalization due to COVID-19

We found 1150 (11.2%) patients who were hospitalized due to
COVID-19 within 14 days of a positive test for SARS-COV2. Significantly
more former smokers were hospitalized from COVID-19 than current or
never smokers (former smokers, 21.2%; current smokers, 7.3%; never
smokers, 10.4%; p < 0.0001). (Table 2). Univariable analysis showed
that former smokers had significantly higher odds of hospitalization
from COVID-19 compared to never smokers (Odds Ratio [OR] 2.31; 95%
Confidence Interval [CI] 1.94-2.74). In contrast, current smokers were
less likely to be hospitalized from COVID-19 than never smokers (OR
0.68; 95% CI 0.60-0.99). When analysis was adjusted for age, race and
gender, former smokers’ odds of hospitalization due to COVID-19
remained higher than that of never smokers (OR 1.28; 95% CI
1.06-1.55); and current smokers’ odds of hospitalization remained
lower than that of never smokers. During further analysis (adding BMI,
previous inpatient hospitalizations and number of comorbidities), there
was a trend towards increase in odds of hospitalization for former

Table 2
Hospitalization and mortality within 14 days after a positive test for SARS-COV2
by Smoking Status between March 1, 2020 and January 31, 2021.

Total Former Current Never p-value
Smoker Smoker Smoker

N (%) 10216 917(9.0) 398(3.9) 8901
(100) (87.1)

14-day 1150 194(21.2) 29(7.3) 927 <0.0001

hospitalization (11.2) (10.4)

14-day mortality 188 47(5.1) 3(0.8) 138(1.6) <0.0001

(1.8)

-Smoking status obtained from EHR (social history and flowsheet) within a year
before SARS-COV?2 testing date. For patients with multiple records, we use the
last record before SARS-COV2.

-Former, current and never smokers categories were based on each patient’s
lifetime count of cigarettes smoked and most recent self-reported smoking sta-
tus.

-Patients who self-reported as a never smoker or who had smoked less than 100
cigarettes in their lifetime were considered never smokers; patients who smoked
more than 100 cigarettes in their lifetime were considered smokers (former or
current) [31].

-Former smokers’ status was assigned based on the patient’s self-report of
“former smoker” in the EHR.

Definition of Abbreviations: SARS-COV2= Severe Acute Respiratory Distress
Coronavirus 2; EHR = Electronic Health Record.

smokers compared to never smokers, but the difference did not reach
statistical significance (OR 1.05; 95% CI 0.86-1.29). Current smokers’
odds of hospitalization due to COVID-19 remained lower than that of
never smokers (OR 0.55; 95% CI 0.37-0.83) (Fig. 2).

As sensitivity analysis, we stratified our cohort by age (18-40,

Odds Ratio of hospitalization within 14 days
from COVID-19 diagnosis for

Former vs Never smokers -

Current vs Never smokers -

OR (95% CI)

Unadjusted —— 231(1.94-274)
—— 0.68 (0.60 - 0.99)

Adjusted on age —— 1.31(1.09 - 1.58)
- 0.60 (0.41 - 0.90)

Adjusted on age, gender, race —— 1.28 (1.06 - 1.55)
—— 0.55(0.42-0.93)

Adjusted on all covariates —— 1.05 (0.86 - 1.29)
—a— 0.55 (0.37-0.83)

Fig. 2. Forrest plot of the multivariable analysis evaluating the effect of
smoking status on the risk of 14-day hospitalization from COVID-19 unadjusted
and adjusted for age, gender, race, BMI, number of comorbidities and inpatient
hospital admission within the previous year. Definition of abbreviations: OR=
Odds Ratio; CI: Confidence Interval; BMI: Body Mass Index; COVID-19: Coro-
navirus Disease 2019.
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Table 3
Multivariable logistic regression model on the effect of smoking status and the
risk for 14-day hospitalization among SARS-COV2 positive patients.

Characteristics OR (95% CI)

Smoking (ref = Never smoker)
Former smoker

Current smoker

Female Gender (ref = Male)
Age (ref = 0-40) -
40-49 3.23 (2.51-4.14)

1.05 (0.86-1.28)
0.55 (0.37-0.83)
0.57 (0.5-0.66)

50-64 5.51 (4.43-6.87)
65-74 9.23 (7.24-11.76)
75-84 18.78 (14.09-25.03)
>85 44.82 (31.05-64.69)

Race (ref = White)

Obese, BMI> 30 kg/m2 (ref = non-obese)
Comorbidity count > 3 (ref= <3)
Previous year IP admission(ref = No)

1.58 (1.37-1.81)
1.67 (1.45-1.92)
1.45 (1.21-1.73)
3.64 (3.03-4.37)

Adjusted for Age, Gender, Race, BMI, Comorbidity Count, And Previous Year
Inpatient Hospital Admission.

Definition of Abbreviations: OR= Odds Ratio; CI = confidence Interval; COVID-
19 = Coronavirus Disease 2019; BMI= Body Mass Index; Ref = Reference; IP=
Inpatient.

Table 4
Stratified analysis by age group evaluating the effect of smoking status on risk
for 14-Day Hospitalization from COVID-19.

Age 18-40 OR Age 41-64 OR Age > 65 OR
(95% CI) (95% CI) (95% CI)
4171(40.8)

N(%) 4327(42.4)

Characteristics -

Smoking (ref = never - -
smoker)

Former smoker

Current smoker

1718(16.8)

1.05 (0.77-1.42)
0.50 (0.28-0.89)

1.01 (0.41-2.46)
0.51 (0.18-1.44)

1.08 (0.81-1.43)
0.50 (0.24-1.03)

Adjusted for Age, Gender, Race, BMI, Comorbidity Count, and Previous Year
Inpatient Hospital Admission.

Definition of Abbreviations: OR= Odds Ratio; CI = confidence Interval; COVID-
19 = Coronavirus Disease 2019; BMI= Body Mass Index; Ref = Reference; IP=
Inpatient.

41-64, and 65 years or older) and adjusted for all other variables. Here
we found an increasing trend for the association between being a
former-smoker and hospitalization from COVID-19, but it did not reach
statistical significance. Current smokers were less likely to be hospital-
ized due to COVID-19 compared to never smokers, but this was signif-
icant only in patients younger than 65 years (Table 4).

3.3. Effect of other independent variables on hospitalization due to
COVID-19

Age: The odds of hospitalization from COVID-19 within 14 days
following a positive test for SARS-COV2 increased gradually for each age
group studied, ranging from 3.23 for those 40-49 years (OR 3.23; 95%
CI 2.51-4.14) to 44.82 (OR 44.82; 95% CI 31.05-64.69) for those aged
85 years or more, compared to those aged 40 years or less (Table 3). Asa
sensitivity analysis, age was considered a continuous variable and re-
sults showed that the odds of hospitalization from COVID-19 increased
by 6% for every year of age in the population studied after adjusting for
other covariates (OR 1.06; 95% CI 1.06-1.07) (Data not shown).

Obesity: Obese (BMI >30 kg/m?) patients had 67% greater odds of
hospitalization compared to non-obese individuals (OR 1.67; 95% CI
1.45-1.92). For sensitivity, we repeated the analysis with obesity at BMI
30-34 kg/m? and at BMI >35 kg/m? and compared each to the non-
obese population (BMI<30 kg/mz). We found that the odds of hospi-
talization were similar to those in our previous model. More specifically,
obese (BMI >35 kg/m?) patients had 82% greater odds of
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hospitalization compared to non-obese individuals (OR 1.8; 95% CI
1.52-2.14).

Race: Non-white patients had 58% higher odds of hospitalization
compared to white patients (OR 1.58; 95% CI 1.37-1.81) (Table 3). For
sensitivity, we repeated the analysis adding Hispanic ethnicity (Patients
self-identifying as Hispanic were included in the Hispanic group,
regardless of race) and separated groups by race based on self-
identification as non-Hispanics (White, Black, Other). Hispanic pa-
tients had 62% (OR 1.62; 95% CI 1.39-1.9) and Black patients had 46%
(OR 1.46; 95% CI 1.46-1.77) higher odds of hospitalization, respec-
tively, compared to white patients (e-Table 2).

Comorbidities and prior inpatient admission: Patients with 3 or more
comorbidities were more likely to be hospitalized than patients with
fewer than 3 comorbidities (OR 1.45; 95% CI 1.21-1.73). The odds for
hospitalization were more than 3 times higher in patients who had an
inpatient admission in the prior year compared to those not admitted
(OR 3.64; 95% CI 3.03-4.37).

Gender: In contrast to the above risk factors, women had 43% lower
odds of admission compared to men (OR 0.57; 95% CI 0.5-0.66).

3.4. Effect of smoking on death after positive test for COVID-19

We found 188 patients (1.8%) who died within 14 days of a positive
test for SARS-COV2. A significantly higher percentage of former smokers
died within 14 days of positive testing for the virus than current or never
smokers (former smokers 5.1%; current smokers 0.8%; never smokers
1.6%; p < 0.0001) (Table 2).

4. Discussion

In our study, patients who were former smokers had a higher percent
of hospitalizations and death within 14 days of a positive test for SARS-
COV2. After adjustment for other covariates, there was a trend for in-
crease odds of hospitalization in former smokers compared to never
smokers, but the trend did not reach statistical significance. Current
smokers had a lower percentage of hospitalizations and death than did
former or never smokers. They were also less likely than never smokers
to be hospitalized due to COVID-19. Our results are in line with the
observations of other authors about smoking and severe COVID-19 [14,
32-34]. Our pragmatic use of “risk of 14-day hospitalization” as a
marker for severe COVID-19 was based on the reported time from the
onset of illness to the development of dyspnea and ARDS and the
requirement for ICU admission [6].

Our findings of a higher percentage of hospitalizations and death for
severe COVID-19 in former smokers compared to never smokers is
intriguing. The risk of severe COVID-19 among former smokers is
significantly driven by the effect of age and comorbidities. In our cohort,
the mean age of former smokers was 10 years older than that of current
smokers, and 12 years older than that of never smokers. Also, despite our
initial analysis showing increased odds of hospitalization in former
smokers compared to never smokers, when it was adjusted for age we
found a modest reduction in odds of hospitalization due to COVID-19 in
former smokers compared to never smokers. Furthermore, after the
analysis was adjusted for comorbidities, the association was no longer
significant. Smoking has been causally linked to stroke, coronary artery
disease, chronic obstructive pulmonary disease, asthma, interstitial lung
disease, diabetes, cancer, impaired immune function, overall diminished
health and premature death [21,35,36]. The risks of smoking-related
disease result largely from cumulative damage; hence, the conse-
quences of smoking occur disproportionately among the elderly [21,35,
37,38]. In our study, we estimated that the odds of hospitalization from
COVID-19 increased by 6% for every year of age in the population
studied. Older age and more comorbidities as shown in our and others’
analysis [5,8-10,12] are significantly associated with severe COVID-19.
Both variables may be significant confounders in the retrospective
search for an association between smoking and severe COVID-19.
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Several mechanisms have been proposed to describe the association
between tobacco use and severe COVID-19. Tobacco smoke impairs
mucociliary clearance, weakens innate and adaptive immune responses
[39] and increases the risk of both viral and bacterial pulmonary in-
fections [21,22,24-30,40]. Tobacco use has been shown to increase
levels of angiotensin-converting enzyme 2 (ACE2), the unique receptor
used by SARS-COV2 to enter host cells [41-43].

Alternatively, a potentially protective role of tobacco use in COVID-
19 infection has been theorized. Nicotine, a highly addictive, psycho-
active alkaloid contained in tobacco products, has shown immuno-
modulatory and anti-inflammatory effects [44,45]. Tobacco use has also
been linked to increased nitric oxide production in the lungs, resulting in
diminished viral replication and impaired viral entry into host cells [46].
Nicotine has also demonstrated a protective effect for ARDS animal
models, and is thought to potentially inhibit Interleukin-6, a key player
in the cytokine release syndrome induced by SARS-COV2 infection [38].
And while some studies report upregulation of ACE2 receptors for
SARS-COV2 cell entry in tobacco users, others challenge this claim and
report an interaction between nicotine and the renin-angiotensin sys-
tem, resulting in reduced ACE2 levels [47]. Moreover, several series
throughout the world have reported a low prevalence of current smokers
among people that tested positive for SARS-COV2 and/or were hospi-
talized due to COVID-19 [10,12,18-20].

Our study has several limitations. We relied on patients’ self-report
of smoking habits and on identification of smokers (current and
former) in our EHR; as shown in others’ analysis, smoking history can be
accidently altered when providers update the fields for the “number of
packs-smoked-per-day" and the “total-years-smoked" [48]. Also, we do
not know exactly when patients stopped smoking, and for the definition
of former smokers this may be significant. It is well known that a longer
time of smoking cessation is associated with more health benefits to
patients. For instance, patients who stop smoking before age 40 avoid
more than 90% of the excess mortality caused by continuing smoking
[49]. Despite these challenges, and to strengthen our analysis, we
excluded patients with no complete documentation of smoking history.
Finally, our retrospective analysis may only assume an association be-
tween smoking status (former and/or current) and risk of severe COVID
19, and not a cause and effect relation. Clinical trials regarding tobacco
use among patients infected with COVID-19 are ongoing and will help
clarify the effects of smoking in COVID-19. Future research directives
should focus on systematic and standardized means of collecting data on
the patterns of patient tobacco use in those with COVID-19.

5. Conclusions

In conclusion, the findings of our study showed that significantly
more formers smokers were hospitalized and died from COVID-19 than
current or never smokers. This effect is mediated through age and
comorbidities in former smokers.
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