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Abstract
Background: Determine the impact of tobacco smoking status on patients hospitalized with COVID-19
pneumonia in the need for ICU care, mechanical ventilation and mortality.
Methods: We performed a retrospective cohort study, that involved chart review. All adults 18 years or
older with a diagnosis of COVID-19 pneumonia hospitalized from March 15th, 2020 to May 06th, 2020
with a positive reverse transcription polymerase chain reaction (RT-PCR) nasopharyngeal swab for
COVID-19. We used chi-squared test for categorical variables and student t-tests or Wilcoxon rank sum
tests for continuous variables. We further used adjusted and unadjusted logistic regression to assess risk
factors for mortality and intubation.
Results: Among 577 patients hospitalized with COVID-19 pneumonia, 268 (46.4%) had a history of
smoking including 187 former and 81 active smokers. The former smokers when compared with nonsmokers were predominantly older with more comorbidities. Also, when compared with never smokers D
Dimer levels were elevated in active (p=0.05) and former smokers (p<0.01). The former smokers versus
non-smokers required increased need for advanced non-invasive respiratory support on admission
(p<0.05), ICU care (p<0.05) and had higher mortality [1.99 (CI 95% 1.03-3.85, p<0.05)]. Active smokers
versus non-smokers received more mechanical ventilation [OR 2.11 (CI 95% 1.06-4.19, p<0.05)].
Conclusions: In our cohort of hospitalized patients with COVID-19 pneumonia, former smokers had
higher need for non-invasive respiratory support on admission, ICU care, and mortality compared to nonsmokers. Also, active smokers versus non-smokers needed more mechanical ventilation.

Background
SARS-CoV-2 infection can cause pneumonia which can lead to severe hypoxemic respiratory failure. [1]
Cytokine storm is the hallmark feature of severe COVID-19 along with a hypercoagulable state mediated
by tissue factor expression causing systemic microthrombi. [2,3] Tobacco smoking has been reported to
increase the risk of lung infections by causing structural damage to the respiratory tract, impairing the
immune response and inciting lung inflammation (TNF-α, IL-1, IL-6, IL-8 and granulocyte-macrophage
colony-stimulating factor). [4,5] The same cytokines have been reported to have a role in the
hyperinflammatory response seen in COVID-19 pneumonia. [2,3] Tobacco smoking has been associated
with increased fibrinogen levels and creating a prothrombotic state. [6] In a Chinese case series of COVID19 patients, there was a trend towards higher risk for severe disease and progression on current and
former smokers when compared to nonsmokers. [7,8] Tobacco smoking may potentially increase the
severity of COVID-19 pneumonia leading to more hypoxemia requiring more intensive respiratory support
and greater mortality. However, the impact of tobacco smoking on the outcomes of patients with COVID19 pneumonia needs to be fully investigated. Herein, we report the impact of current and former tobacco
smoking on the requirement for ICU care, mechanical ventilation and mortality of hospitalized patients
with COVID-19 pneumonia.
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Methods
Patient population:
We performed a retrospective cohort study of all adults 18 years or older with a diagnosis of COVID-19
pneumonia hospitalized at Temple University Hospital COVID-19 from March 15th, 2020 to May 06th,
2020.
Diagnosis of COVID-19 Pneumonia:
The diagnosis of patients with COVID-19 pneumonia was based on symptoms, presence of infiltrates on
chest X-ray or high-resolution CT scan (HRCT) with a positive reverse transcription polymerase chain
reaction (RT-PCR) nasopharyngeal swab for SARS-CoV-2. Patients admitted to Temple University Hospital
with possible COVID-19 pneumonia had a HRCT upon admission. HRCT findings were categorized based
on the Radiological Society of North America expert consensus for COVID-19. [9]
All of those with negative RT-PCR for COVID-19 test were excluded. The study was approved by the
Temple University Institutional Review Board (Protocol number 26854).
Determination of smoking status:
Patients were categorized in three groups based on their smoking history. Patients who never smoked
were categorized as non-smokers, those who reported everyday smoking up until their admission as
active smokers and those with a remote history of smoking as former smokers. The calculation of packs
per year was made based on the number of cigarettes per day and years of smoking reported by the
subjects.
Clinical Variables:
The clinical variables recorded included age, sex, race, body mass index (BMI), presenting symptoms,
oxygen requirements, comorbidities, smoking status, history of cancer, absolute lymphocyte count,
platelet count, inflammatory markers (CRP), D-dimer, ferritin. Correlations were made between clinical
variables, smoking status and the need for mechanical ventilation, intensive care and mortality.
Primary outcomes:
The primary objective was to understand the effect of smoking on morbidity, need for intensive care,
mechanical ventilation and mortality. Secondary objectives included the impact of smoking on need for
advanced non-invasive respiratory support such as high flow nasal therapy (HFNT) and bilevel positive
airway pressure (BiPAPÔ).
Statistical Analysis:
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We used chi-squared test for categorical variables and student t-tests or Wilcoxon rank sum tests for
continuous variables. We further used adjusted and unadjusted logistic regression to assess risk factors
for mortality and intubation. P values < 0.05 were considered significant. Statistical analysis was
performed using SAS 9.4 (SAS Institute Inc., Cary, NC).

Results
A total of 577 patients were admitted to our institution with COVID-19 from March 15th, 2020 to May 06th,
2020 and are included in the analysis. Based on smoking status, there were 309 (53.5%) nonsmokers,
187 (32.4%) former smokers with a median pack-years of 21.7 (IQR 12.3-40) and 81 (14%) active
smokers with a median of 20 pack-years (IQR 10.8-35), Table 1 shows the demographics, clinical,
laboratory and hospitalization characteristics on the patients comparing nonsmokers to former and
active smokers.
Patient demographics:
The mean age was 59 ±16 years for the study population, former smokers were older compared to
nonsmokers and active smokers. There was no gender predominance across the groups. African
Americans (AA) were the predominant race; the number of AA active and former smokers was higher
compared to AA nonsmokers (p<0.0001). Mean BMI was 31.5 ± 7.8 with no differences between the
groups.
Comorbidities:
Hypertension (66.5%), obesity (48.5%), diabetes (42.2%) and psychiatric disorders (21.6%) were the most
common comorbidities detected. Compared to nonsmokers, former smokers had significantly more
comorbidities such as hypertension, diabetes, coronary artery disease, heart failure, COPD, psychiatric
disorder and substance abuse. Active smokers were less obese, and had a greater percentage of patients
with a history of COPD, psychiatric disorder and polysubstance abuse when compared to none smokers.
Former smokers when compared to active smokers had a greater reported history of cardiometabolic and
cerebrovascular disease (Table 2. Supplementary file).
Biomarkers of inflammation:
In never smokers the median D Dimer was 722.5 ng/mL (IQR: 450-1172ng/mL) when compared to former
smokers 1074.5ng/mL (IQR: 578-2077ng/mL) (p<0.0001) and active smokers 931.5ng/mL (IQR: 4752043ng/mL) (p=0.05) was significantly elevated. CRP and ferritin values were not significantly different.
Oxygen requirements and intubation:
When comparing the oxygen requirements on an ordinal scale at admission, former smokers had a higher
need for HFNT and BiPAPÔ compared to nonsmokers. (Table 3. Supplementary file)
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Active smokers had higher rates of mechanical ventilation when compared to nonsmokers upon
admission (6.1% versus 2.7 %, p=0.16) and during hospitalization (19.8% versus 10.4%, p= 0.010). A subanalysis of mechanically ventilated active smokers (n=16) showed that apart from COVID-19, there were
other factors leading to mechanical ventilation such as drug abuse, encephalopathy or alcohol
withdrawal in 7 patients (43%), pulmonary edema or ineffective dialysis in 2 (12.5%), metastatic
malignancy in 2 (12.5%) and suicidal attempt in 1 (6.25%).
In a regression analysis model performed, there was a greater need for intubation in active smokers
during hospitalization, odds ratio (OR) 2.09 (CI 95% 1.05-4.15, p<0.05) when compared to nonsmokers. In
former smokers, even though there was a higher risk, the difference was not statistically significant, OR
1.46 (CI 95% 0.84-2.55, p=0.17). (Table 4)
ICU care:
A total of 155 (26.8%) of all patients required ICU care. There was a significant increase in the need for
ICU care in former smokers when compared to nonsmokers (32.1% versus 22.7%, p<0.05). Active smokers
had a slight increase in the need for ICU care when compared to nonsmokers (30.8% versus 22.7%,
p=0.191), but this was not significant.
Mortality:
A total of 52 (9%) patients died at the time of data analysis. There was a significant increase in deaths in
former smokers compared to nonsmokers (14.4% versus 7.2%, p<0.05) and to active smokers (14.4%
versus 3.2%, p<0.05). Active smokers had a lower mortality compared to nonsmokers (3.2 versus 6.7%,
p=0.264) but this was not significant.
On our regression analysis, former smokers had higher mortality with an OR of 1.99 (CI 95% 1.03-3.85,
p<0.05) compared to nonsmokers. There was no increased risk of mortality for active smokers when
compared to nonsmokers OR of 0.53 (CI95% 0.15-2.03, p<0.05). The presence of malignancy, age more
than 65 years, chronic kidney disease, respiratory rate greater than 20 on admission and absolute
lymphocyte count less than 1000 per mm3 were associated with higher mortality. (Table 5)

Discussion
This retrospective observational study of patients hospitalized with COVID-19 pneumonia describes the
relationship between active and former smokers and their outcomes compared to nonsmokers. In our
population, former smokers required more advanced non-invasive respiratory support on admission, ICU
level of care during hospitalization, and had higher mortality when compared to nonsmokers hospitalized
with COVID 19 pneumonia. Active smokers versus nonsmokers were found to have a higher need for
mechanical ventilation with no differences in ICU care or mortality. Active smokers had a lower mortality
when compared to former smokers.
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Former smokers’ outcomes in our study are comparable to some of the published studies on COVID-19
pneumonia. Data from Guan et al shows that smokers had a trend towards higher risk for severe COVID19 pneumonia. Out of the 1099 patients they studied from multiple hospitals in China, 1085 had smoking
status noted and the proportion of smokers (active or former) was higher in severe disease (16.9% of
patients in severe group were smokers, 5.2% were former smokers compared with 11.8% and 1.3% in the
non-severe disease group respectively). More smokers met the primary composite end point of ICU
admission, mechanical ventilation, or death (16 (25.8%) vs 120 (11.8%) current smokers and 5 (7.6%) vs
16 (1.6%) former smokers). [7] Liu and colleagues showed that smoking (former or current) was
associated with a OR 14.2 (CI 95%1.57-25.0) for disease progression on multivariate logistic analysis in a
Chinese population of 78 patients who were assessed at 2-week after hospitalization. [13] ACE2 receptor
is the cellular entry point of SARS-CoV-2 and is found abundantly in lung epithelial cells. [10,11] A recent
report showed that in former smokers, there was a significantly higher gene expression of ACE2
compared to nonsmokers’ lungs, therefore this population could be more susceptible to this infection. [12]
Our study strengthens the impact of smoking on COVID-19 in a large urban U.S. hospital.

A greater number of comorbidities in COVID-19 patients has been associated with worse outcomes in a
large study from China. [14] Richardson et al, published the largest to date population study of patients
admitted with COVID-19 in New York City, describing hypertension, diabetes and obesity as their more
common comorbidities, of the patients who died, diabetes was associated with a higher risk of intubation
and ICU care. [15] Similar to our study, the percentage of comorbidities was much higher than the one
reported in the Chinese population. Tobacco smoking has multiple attributable cardiovascular,
cerebrovascular, pulmonary and oncologic diseases, and in our cohort with a higher rate of smokers this
might contribute to the reported prevalence of comorbidities. [16]

Former smokers were found to have higher oxygen requirements on admission requiring the use of
advanced non-invasive respiratory support (HFNT/BiPAP), this could be due to a higher prevalence of
patients with COPD, structural lung disease and airflow obstruction. [17] High flow nasal oxygen and noninvasive positive pressure ventilation have been proposed to decrease the need for intubation in selected
patients with COVID19 pneumonia. [1,18]

Active smokers had a similar age compared to nonsmokers, with no difference in mortality. We observed
that the need of intubation was higher in active smokers, this might be related to the airway, lung
parenchymal inflammation and injury caused by smoking adding to the mechanisms of respiratory
failure related to SARS-CoV-2 infection. [4] Drug abuse was a contributing factor in a significant
proportion of our active smokers’ requiring intubation. Individuals with substance abuse disorders smoke
tobacco at higher rates. [19] Even though mechanical ventilation is rarely needed for the management of
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drug overdose, the presence of obstructive lung disease increases the risk [20], it is possible that the
respiratory failure caused by COVID-19 pneumonia is also a risk factor of intubation in these patients.

Active smokers in our cohort had lower mortality compared to former smokers this was most likely
related to the age difference between the groups (mean age was 56.3 versus 64.5 years, p<0.001) with 92
(49.5%) of the former smokers being older than 65 years compared to 22 (27.2%) of the active smokers.
The case fatality worldwide on patients with COVID-19 pneumonia has been higher in the older age
distribution. [21] Also the presence of comorbidities in the former smokers compared to active smokers
was higher particularly cardiovascular and cerebrovascular disease. Cigarette smoking predisposes
cardiovascular disease by prompting early atherosclerosis, platelet activation, inflammation, endothelial
injury and dysfunction. [22]

D-Dimer level at admission has been related to increased mortality in patients admitted with COVID-19,
[23.24] in our study active and former smokers had a significantly higher D-dimer compared to
nonsmokers. In prior studies from smokers and inflammatory biomarkers of cardiovascular disease risk,
D dimer was not found to be elevated. [25] This correlation with the hypercoagulable state in COVID-19
patients and smokers should be further studied. Tobacco smoke leads to oxidative stress with increased
mucosal inflammation and expression of inflammatory cytokines, and has also been related to increased
fibrinogen levels and induce a hypercoagulable state. [4,6] It is unclear what factors trigger severe
pneumonia in patients infected with SARS CoV-2, two of the major proposed pathophysiologic
mechanisms include hyperinflammation associated with high levels of cytokines, and a hypercoagulable
state mediated by the expression of tissue factor and microthrombi formation. [2,3] Tobacco smoke
could increase the risk of severe COVID 19 pneumonia by potentiating these mechanisms.

Our study strength includes that we present the highest number of current and former smokers (46.4%)
compared to other COVID-19 studies to date from either China or the US (14-15%). [7,14] The study was
limited by retrospective design with chart review for data collection. A more detailed smoking history in all
subjects and capturing of pre-existing symptoms of possible undiagnosed lung disease would strengthen
future studies.

Conclusion
In our cohort of patients hospitalized with COVID-19 pneumonia, former smokers had higher need for
non-invasive respiratory support on admission, ICU care during hospitalization, and mortality compared
to non-smokers. Active smokers versus non-smokers required more mechanical ventilation.
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Table 1. Clinical Characteristics of Patients Hospitalized with COVID-19 Pneumonia. Comparison
between Non-smokers with Former and Active Smokers. (n=577)
Clinical
Characteristic

All
Patients

NonSmokers

Former
Smokers

p-value

Active
Smokers

p-value

(n=577)

(n=309)

(n=187)

Age (years)

59±16

56.3±16.1

64.5 ± 12.9

<0.0001

56.4±14.3

0.986

Male sex – no. (%)

317 (54.9)

169 (54.7)

97 (51.9)

0.541

51 (63)

0.182

African Americans
(%)

326 (56.4)

145 (46.9)

124 (66.3)

<0.0001

57 (70.4)

<0.0001

Hispanics (%)

180 (31.1)

129 (41.7)

38 (20.3)

14 (17.2)

White race (%)

47 (8.14)

18 (5.8)

22 (11.8)

7 (8.6)

Body Mass Index
(kg/m2)

31.5 ± 7.8

32.8 ± 8.3

30.2 ± 6.2

<0.001

30.1 ± 9

0.013

Obesity (%)

280 (48.5)

171 (55.3)

78 (41.7)

0.003

31 (38.3)

0.024

HTN (%)

384 (66.5)

192 (62.1)

143 (76.5)

0.001

50 (61.7)

0.946

DM (%)

244 (42.2)

124 (40.1)

96 (51.3)

0.015

25 (30.9)

0.127

CAD (%)

82 (14.2)

32 (10.4)

41 (21.9)

0.0004

9 (11.1)

0.851

CHF (%)

109 (18.8)

43 (13.9)

51 (27.3)

0.0002

15 (18.5)

0.3

COPD (%)

59 (10.2)

8 (2.5)

37 (19.7)

<0.001

14 (17.3)

<0.0001

Asthma (%)

84 (14.5)

51 (16.5)

24 (12.8)

0.26

9 (11.1)

0.231

CKD (%)

106 (18.3)

54 (17.5)

41 (21.9)

0.222

11 (13.6)

0.402

Malignancy (%)

34 (5.9)

16 (5.2)

13 (7)

0.414

5 (6.2)

0.583

Drug Abuse

80 (13.8)

20 (6.5)

27 (14.4)

0.003

33 (40.7)

<.0001

Psychiatric
Disorder

125 (21.6)

46
(14.9)

49 (26.2)

0.002

30 (37.5)

<.0001

Respiratory Rate
(per minute)

20.6 ± 5.4

20.6 ± 5.3

20.8 ± 5.3

0.566

21.1 ± 5.8

0.355

Oxygen Saturation
(%)

93 ± 8.2

93.6 ± 8.3

92.4 ± 8.3

0.129

93.1 ± 7.5

0.631

(n=81)

Demographics

Race

Comorbidities

Admission Features
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D dimer (ng/mL),
median (IQR)

869 (4931569)

722.5 (4501172)

1074.5
(578-2077)

<0.0001

931.5 (4752043)

0.05

CRP (ng/mL),
(mean)

8±7

7.7±6.9

8.4±7.4

0.480

6.6 ± 6.2

0.130

Ferritin (ng/mL),
median (IQR)

393 (185
to 856)

461
(192856)

365 (1981057)

0.673

322.5
(161.5767)

0.079

Mechanical
Ventilation (%)

78 (13.5)

32 (10.3)

29 (15.5)

0.090

16 (19.8)

0.022

ICU Care (%)

155 (26.8)

70 (22.7)

60(32.1)

0.021

24 (29.6)

0.191

Mortality (%)

52 (9)

22 (7.1)

27 (14.4)

0.008

3 (3.7)

0.264

Outcomes
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Table 2. Comparison between Former Versus Active Smokers
Clinical Characteristic

Former Smokers

Active Smokers

p-value

(n=187)

(N=81)

Age (years)

64.5 ± 12.9

56.4±14.3

<0.0001

Male sex – no. (%)

97 (51.9)

51 (63)

0.094

HTN (%)

143 (76.5)

50 (61.7)

0.014

DM (%)

96 (51.3)

25 (30.9)

0.002

CAD (%)

41 (21.9)

9 (11.1)

0.037

CHF (%)

51 (27.3)

15 (18.5)

0.127

COPD (%)

37 (19.7)

14 (17.3)

0.632

Cerebrovascular Disease (%)

24 (12.8)

4 (4.9)

0.052

Malignancy (%)

13 (7)

5 (6.2)

0.815

Drug Abuse

27 (14.4)

33 (40.7)

<0.0001

Psychiatric Disorder

49 (26.2)

30 (37.5)

0.064

Mortality (%)

27 (14.4)

3 (3.7)

0.010

Mechanical Ventilation (%)

29 (15.5)

16 (19.8)

0.393

ICU Care (%)

60 (32.1)

24 (29.6)

0.691

Comorbidities

Outcomes
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Table 3. Score on Ordinal Scale of Oxygen Requirements
Clinical
Characteristic

All
Patients

NonSmokers

Former
Smokers

pvalue

Active
Smokers

pvalue

(n=577)

(n=309)

(n=187)

Room Air

300
(51.9)

168 (54.4)

92 (49.2)

0.264

40 (49.4)

0.423

Nasal Canula

188
(32.5)

101 (32.7)

60 (32.1)

0.674

27 (33.3)

0.912

HFNT/NIMV

70 (12.1)

31 (10)

30 (16)

0.048

9 (11.1)

0.775

Mechanical
Ventilation

19 (3.2)

9 (2.9)

5 (2.7)

0.876

5 (6.1)

0.16

(n=81)

At Admission

Maximal respiratory support during hospitalization
Room Air

173
(29.9)

92 (29.8)

55 (29.4)

0.932

27 (33.3)

0.536

Nasal Canula

222
(38.4)

127 (41.1)

67 (35.8)

0.244

27 (33.3)

0.203

HFNT/NIMV

105
(18.2)

58 (18.8)

36 (19.3)

0.895

11 (13.6)

0.276

Mechanical
Ventilation

77 (13.3)

32 (10.4)

29 (15.5)

0.090

16 (19.8)

0.022

ECMO

5 (0.8)

3 (0.9)

2 (1)

0.915

0

0.376
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Table 4. Logistic Regression and Odds ratios for Intubation (N= 577)

Variable

Odds ratio (95% CI)

p-value

Active Smoker

2.09 (1.05-4.15)

0.034

Former Smoker

1.46 (0.84- 2.55)

0.17

Chronic Kidney Disease

2.01 (1.22-3.31)

0.006

Respiratory rate more or equal to 20 per minute

3.26 (1.98-5.36)

<0.01

Table 5. Logistic regression and Odds ratios for Mortality (n= 577)

Variable

Odds ratio (95% CI)

p-value

Active Smoker

0.53 (0.14-1.95)

0.34

Former Smoker

1.99 (1.03-3.84)

0.038

Age more or equal to 65 years

3.0 (1.5-5.99)

0.002

Chronic Kidney Disease

2.43 (1.22-4.85)

0.012

Malignancy

3.29 (1.35-8.04)

0.009

Respiratory rate more or equal to 20 per minute

2.81 (1.49-5.29)

0.001

Absolute lymphocyte count less than 1000 per mm3

2.05 (1.06-3.99)

0.033
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